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Foreword
This twenty-ninth edition of The Radio Amateur's Handbook is the
latest of a series extending over twenty-six years of continuous publication, a period during which the total circulation has climbed to well
over two million. The immediate and enthusiastic acceptance of the first
edition by the radio amateurs of 1926 has been matched by continuing
popularity throughout the intervening years — a popularity based on
the handbook's practical utility, its treatment of radio communication
problems in terms of how- to-do-it, and its long-established policy of
presenting the soundest and best aspects of current amateur practice
rather than merely the new and novel. These same features have won for
the Handbook universal acceptance in other segments of the technical
radio world — engineering, educating, servicing, operating — even though
the book is written primarily for the radio amateur. Its preparation and
production is the work of the headquarters staff of the amateur's own
organization, the American Radio Relay League.
The changes that have taken place in the technical practices of amateur
radio during the past year are, as always, reflected in the present edition. A
considerable amount of new equipment in all categories — transmitting, receiving, v.h.f., measurements — appears throughout the book. Continuing the
trend of the past few years, all transmitting equipment has been designed with
the reduction of harmonics in the television broadcasting bands as a primary
feature, and in view of the large number of television transmitting stations now
in operation, the problems of amateur interference with this service are given
special attention. As compared with previous editions, the sections on theory
and design fundamentals have been extensively rewritten and rearranged. The
vacuum tube data chapter, one of the most comprehensive sources of tube information in the world, has been made even more valuable by the last-minute
addition of newly-announced tube types.
Those to whom the Handbook has for years been an indispensable companion are well aware of it, but for new readers it is worth pointing out
that in contrast to most publications of acomparable nature, the Handbook
is printed in the convenient format of the League's monthly magazine,
QST. This, together with extensive and usefully-appropriate catalog
advertising by reputable manufacturers producing equipment for radio
amateurs, makes it possible to distribute for avery modest charge a work
which in volume of subject matter and profusion of illustration surpasses
most available radio texts selling for several times its price.
It is sincerely hoped that this new edition will succeed in bringing as
much assistance and inspiration to amateurs and newcomers to the hobby
as have its many predecessors.
A. L. Burn.oNG
Secretary, A.R.R.L.
West Hartford, Conn.
December, 1951
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THE
AMATEUR'S
CODE
ONE

THE AMATEUR IS GENTLEMANLY . . . He never
knowingly uses the air for his own amusement in

such a way as to lessen the pleasure of others. He abides by
the pledges given by the ARRL in his behalf to the public and
the Government.

TWO

THE AMATEUR IS LOYAL . . . He owes his amateur radio to the American Radio Relay League,

and he offers it his unswerving loyalty.

THREE

THE AMATEUR IS PROGRESSIVE . . . He
keeps his station abreast of science. It is
built well and efficiently. His operating practice is clean and
regular.

FOUR

THE AMATEUR IS FRIENDLY . . . Slow and
patient sending when requested, friendly ad-

vice and counsel to the beginner, kindly assistance and co6peration for the broadcast listener; these are marks of the amateur spirit.

FIVE

THE AMATEUR IS BALANCED . . . Radio is his
hobby. He never allows it to interfere with any of

the duties he owes to his home, his job, his school, or his community.

SIX

THE AMATEUR IS PATRIOTIC . . . His knowledge
and his station are always ready for the service of his

country and his community.
— Paul M. Segal

CHAPTER 1

Amateur Radio
Amateur radio is ascientific hobby, ameans
of gaining personal skill in the fascinating art
of electronics and an opportunity to communicate with fellow citizens by private shortwave radio. Scattered over the globe are nearly
150,000 amateur radio operators who perform a
service defined in international law as one of
"self training, intercommunication and technical
investigations carried on by . . . duly authorized persons interested in radio technique solely
with a personal aim and without pecuniary
interest."
From a humble beginning at the turn of the
century, amateur radio has grown to become
an established institution. Today the American followers of amateur radio number nearly
100,000, trained communicators from whose
ranks will come the professional communications specialists and executives of tomorrow —
just .as many of today's radio leaders were first
attracted to radio by their early interest in
amateur radio communication. A powerful
and prosperous organization now provides a
bond between amateurs and protects their
interests; an internationally-respected magazine is published solely for their benefit. The
Army and Navy seek the cooperation of the
amateur in developing communications reserves. Amateur radio supports a manufacturing industry which, by the very demands of
amateurs for the latest and best equipment,
is always up-to-date in its designs and production techniques — in itself a national
asset. Amateurs have won the gratitude of
the nation for their heroic performances in
times of natural disaster. Through their organization, amateurs have cooperative working agreements with such agencies as the
United Nations and the lied Cross. Amateur
radio is, indeed, a magnificently useful institution.
Although as old as the art of radio itself,
amateur radio did not always enjoy such
Irestige. Its first enthusiast s were private
cit ¡
ZVI'S of an experiment al turn of mind whose
imaginations went wild when Marconi first
proved that messages actually could be sent
by wireless. They set about learning enough
about the new scientific marvel to build homemade stations. By 1912 there were numerous
Government and commercial stations, and
hundreds of amateurs; regulation was needed,
so laws, licenses and wavelength specifications
for the various services appeared. There was
then no amateur organization nor spokesman.
9

The official viewpoint toward amateurs was
something like this:
"Amateurs? . . . Oh, yes. . . . Well, stick
'em on 200 meters and below; they'll never
get out of their backyards with that."
But as the years rolled on, amateurs found
out how, and DX (distance) jumped from local
to 500-mile and even occasional 1,000-mile twoway contacts. Because all long-distance messages had to be relayed, relaying developed into
a fine art — an ability that was to prove invaluable when the Government suddenly called
hundreds of skilled amateurs into war service
in 1917. Meanwhile U. S. amateurs began to
wonder if there were amateurs in other countries across the seas and if, some day, we might
not span the Atlantic on 200 meters.
Most important of all, this period witnessed
the birth of the American Radio Relay League,
the amateur radio organization whose name
was to be virtually synonymous with subsequent amateur progress and short-wave development. Conceived and formed by the
famous inventor, the late Hiram Percy Maxim,
ARR L was formally launched in early 1914. It
had just begun to exert its full force in amateur
activities when the United States declared war
in 1917, and by that act sounded the knell for
amateur radio for the next two and a half
years. There were then over 6000 amateurs.
Over 4000 of them served in the armed forces
during that war.
Today, few amateurs realize that World

IIIRAN1 l'ERCY MAXIM
President ARRL, 1914-1936
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War I not only marked the close of the first
phase of amateur development but came very
near marking its end for all time. The fate of
amateur radio was in the balance in the days
immediately following the signing of the Armistice. The Government, having had a taste of
supreme authority over communications in
wartime, was morthan half inclined to keep
it. The war had not been ended amonth 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, argued, 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 records stored away. Most of the former amateurs
had gone into service; many of them would
never come back. Would those returning be
interested in such things as amateur radio?
Mr. Maxim, determined to find out, called a
meeting of the old Board of Directors. The
situation was discouraging: amateur radio still
banned by law, former members scattered, no
organization, no membership, no funds. But
those few determined men financed the publication of a notice to all the former amateurs
that could be located, hired Kenneth B.
Warner as the League's first paid secretary,
floated a bond issue among old League members to obtain money for immediate running
expenses, bought the magazine QST to be the
League's official organ, started activities, and
dunned officialdom until the wartime ban was
lifted and amateur radio resumed again, on
October 1, 1919. There was a headlong rush
by amateurs to get back on the air. Gangway for King Spark! Manufacturers were hard
put to supply radio apparatus fast enough.
Each night saw additional dozens of stations
crashing out over the air. Interference? It was
bedlam!
But it was an era of progress. Wartime needs
had stimulated technical development. Vacuum tubes were being used both for receiving
and transmitting. Amateurs immediately
adapted the new gear to 200- meter work.
Ranges promptly increased and it became
possible to bridge the continent with but one
intermediate relay.

•TRANS-ATLANTICS

As DX became 1000, then 1500 and then
2000 miles, amateurs began to dream of transAtlantic work. Could they get across? In
December, 1921, ARRL sent abroad an expert
amateur, Paul F. Godley, 2ZE, with the best
receiving equipment available. Tests were run,
and thirty American stations were heard in
Europe. In 1922 another trans-Atlantic test
was carried out and 315 American calls were
logged by European amateurs and one French
and two British stations were heard on this
side.

CHAPTER 1
Everything now was centered on one objective: two-way amateur communication across
the Atlantic! It must be possible — but somehow 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 undisturbed wavelengths below 200 meters? The
engineering world thought they were worthless — but they had said that about 200 meters. So, in 1922, tests between Hartford and
Boston were made on 130 meters with encouraging results. Early in 1923, ARRL-sponsored
tests on wavelengths down to 90 meters were
successful. Reports indicated that as the wavelength dropped the results were better. A growing
excitement began to spread through amateur
ranks.
Finally, in November, 1923, after some
months of careful preparation, two-way amateur trans-Atlantic communication was accomplished, when Schnell, IMO, and Reinartz,
1XAM ( now W9UZ and K6BJ, respectively) worked, for several hours with Deloy,
8AB, in France, with all three stations on 110
meters! Additional stations dropped down to
100 meters and found that they, too, could
easily work two-way across the Atlantic. The
exodus from the 200- meter region had started.
The " short-wave" era had begun!
By 1924 dozens of commercial companies
had rushed stations into the 100- meter region.
Chaos threatened, until the first of a series of
national and international radio conferences
partitioned off various bands of frequencies
for the different services. Although thought
still centered around 100 meters, League officials at the first of these frequency-determining
conferences, in 1924, wisely obtained amateur
bands not only at 80 meters but at 40, 20, 10
and even 5 meters.
Eighty meters proved so successful that
"forty" was given a try, and QS0s with Australia, New Zealand and South Africa soon
became commonplace. Then how about 20 meters? This new band revealed entirely unexpected possibilities when 1XAM worked 6TS
on the West Coast, direct, at high noon. The
dream of amateur radio — daylight DX! —
was finally true.

•PUBLIC SERVICE

Amateur radio is a grand and glorious
hobby but this fact alone would hardly merit
such wholehearted support as is given it by
our Government at international conferences.
There are other reasons. One of these is athorough appreciation by the Army and Navy of
the value of the amateur as asource of skilled
radio personnel in time of war. Another asset
is best described 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 prevail between the Army and Navy and the amateur. These relations strengthened in the nex
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few years and, in gradual steps, grew into cooperative activities which resulted, in 1925, in
the establishment of the Naval Communications Reserve and the Army-Amateur Radio
System (now the Military Amateur Radio
System). In World War II thousands of amateurs in the Naval Reserve were called to active duty, where they served with distinction,
while many other thousands served in the
Army, Air Forces, Coast Guard and Marine
Corps. Altogether, more than 25,000 radio
amateurs served in the armed forces of the
United States. Other thousands were engaged
in vital civilian electronic research, development and manufacturing. They also organized
and manned the War Emergency Radio Service, the communications section of OCD.
The " public-service" record of the amateur
is a brilliant tribute to his work. These activities can be roughly divided into two classes,
expeditions and emergencies. Amateur cooperation with expeditions began in 1923 when
a League member, Don Mix, ITS, of Bristol,
Conn. ( now assistant technical editor of QST),
accompanied MacMillan to the Arctic on the
schooner Bowdoin with an amateur station.
Amateurs in Canada and the U.S. provided the
home contacts. The success of this venture was
such that other explorers followed suit. During
subsequent years a total of perhaps two hundred voyages and expeditions were assisted by
amateur radio, and for many years no expedition has taken the field without such plans.
Since 1913 amateur radio has been the principal, and in many cases the only, means of
outside communication in several hundred
storm, flood and earthquake emergencies in
this country. The 1936 eastern states flood, the
1937 Ohio River Valley flood, the Southern
California flood and Long Island- New England
hurricane disaster in 1938, and the FloridaGulf Coast hurricanes of 1947 called for
the amateur's greatest emergency effort. In
these disasters and many others — tornadoes,
sleet storms, forest fires, blizzards — amateurs
played a major rôle in the relief work and
earned wide commendation for their resourcefulness in effecting communication where all
other means had failed. During 1938 ARRL
inaugurated a new emergency-preparedness
program, registering personnel and equipment
in its Emergency Corps and putting into effect a comprehensive program of coOperation
with the Red Cross, and in 1947 a National
Emergency Coordinator was appointed to
full-time duty at League headquarters.
The amateur's outstanding record of organized
preparation for emergency communications am I
performance under fire has been largely responsible 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 purposes in the event of war. Under the banner,
"Radio Amateur Civil Emergency Service," amateurs are setting up and manning community and

area networks integrated with civil defense functions of the municipal governments. Should awar
cause the shut-down of routine amateur activities, the RACES will be immediately available in
the national defense.

•TECHNICAL DEVE4 2PMENTS
p

Throughout these many years the amateur
was careful not to slight experimental development in the enthusiasm incident to international DX. The experimenter was constantly
at work on ever-higher frequencies, devising
improved apparatus, and learning how to
cram several stations where previously there
was room for only one! In particular, the amateur pressed on to the development of the very
high frequencies and his experience with five
meters is especially representative of his initiative and resourcefulness and his ability to
make the most of what is at hand. In 1924, first
amateur experiments in the vicinity of 56 Mc.
indicated that band to be practically worthless 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 investigations by the brilliant experimenter, Ross
Hull ( later QST's editor), developed the theory
of v.h.f. wave-bending in the lower atmosphere and led amateurs to the attainment of
better distances; while occasional manifestations of ionospheric propagation, with still
greater distances, gave the band uniquely erratic 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 6meter DX is now a commonplace occurrence;
even the oceans have been bridged! It is a
tribute to these indefatigable amateurs that
today's concept of v.h.f. propagation was developed largely through amateur research.
The amateur is constantly in the forefront of
technical progress. His incessant curiosity, his
eagerness to try anything new, are two reasons.
Another is that ever-growing amateur radio
continually overcrowds its frequency assignments, 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 c.w.,
designed more selective receivers, adopted
crystal control and pure d.c. power supplies.
From the ARRL's own laboratory in 1932
came James Lamb's " single-signal" superheterodyne — the world's most advanced
high-frequency raetelegraph receiver —
and, in 1936, the enoise-silencer". circuit.
Amateurs are now turning to speech " clippers" to reduce bandwidths of ' phone transmissions and investigating " single-sideband
suppressed-carrier" systems which promise
to halve the spectrum space required by
a voice- modulated signal.
During World War II, thousands of skilled
amateurs contributed their knowledge to the
development of secret radio devices, both in
Government and private laboratories. Equally
as important, the prewar technical progress by
amateurs provided the keystone for the development of modern military communications
equipment. Perhaps more important today
than individual contributions to the art is the
mass cooperation of the amateur body in
Government projects such as propagation
studies; each participating amateur station is
in reality a separate field laboratory from
which reports are made for correlation and
analysis.
Emergency relief, expedition contact, experimental work and countless instances of
other forms of public service — rendered, as
they always have been and always will be,
without hope or expectation of material reward — made amateur radio an integral part
of our peacetime national life. The importance
of amateur participation in the armed forces
and in other aspects of national defense have
emphasized more strongly than ever that amateur 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 noncommercial 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 experimentation. It is interested in the relaying of
messages by amateur radio. It is concerned with
the advancement of the radio art. It stands for
the maintenance of fraternalism and a high
standard of conduct. It represents the amateur
in legislative matters.
One of the League's principal purposes is to
keep amateur activities so well conducted that
the amateur will continue to justify his existence. Amateur radio offers its followers
countless pleasures and unending satisfaction.
It also calls for the shouldering of responsi-

CHAPTER 1

The operating room at WIAW.
blities — the maintenance of high standards,
a codperative loyalty to the traditions of
amateur radio, a dedication to its ideals and
principles, so that the institution of amateur
radio may continue to operate " in the public
interest, convenience and necessity."
The operating territory of ARRL is divided
into fifteen U. S. and five Canadian divisions.
The affairs of the League are managed by a
Board of Directors. One director is elected
every two years by the membership of each
U. S. division, and one by the Canadian membership. These directors then choose the president
and vice-president, who are also members of the
Board. The secretary and treasurer are aso appointed by the Board. The directors, as representatives of the amateurs in their divisions, meet
annually to examine current amateur problems
and formulate ARRL policies thereon. The directors appoint a general manager to supervise
the operations of the League and its headquarters,
and to carry out the policies and instructions of
the Board.
ARRL owns and publishes the monthly
magazine, QST. Acting as a bulletin of the
League's organized activities, QST also serves
as a. medium for the exchange of ideas and fostens amateur spirit. Its technical articles are
renowned. It has grown to be the " amateur's
bible," as well as one of the foremost radio
magazines in the world. Membership dues include a subscription to QST.
ARRL maintains a model headquarters
amateur station, known as the Hiram Percy
Maxim Memorial Station, in Newington,
Conn. Its call is W1AW, the call held by Mr.
Maxim until his death and later transferred
to the League station by aspecial 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 practice as a
training feature, and engages in two-way work
on all popular bands with as many amateurs
as time permits.
At the headquarters of the League in West
Hartford, Conn., is awell-equipped laboratory
to assist staff members in preparation of
technical material for QST and the Radio
Amateur's Handbook. Among its other ac-
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tivities, the League maintains a Communications Department concerned with the operating activities of League members. A large field
organization is headed by aSection Communications Manager in each of the League's
seventy-two sections. There are appointments
for qualified members as Official Relay Station
or Official ' Phone Station for traffic handling;
as Official Observer for monitoring frequencies
and the quality of signals; as Route Manager
and ' Phone Activities Manager for the establishment of trunk lines and networks; as
Emergency Coordinator for the promotion of
amateur preparedness to cope with natural
disasters; and as Official Experimental Station
for those pioneering the frequencies above
50 Mc. Mimeographed bulletins keep appointees informed of the latest developments.
Special activities and contests promote operating skill. A special section is reserved each
month in QST for amateur news from every
section of the country.

•AMATEUR LICENSING IN THE
UNITED STATES

The Communications Act lodges in the Federal Communications Commission authority
to classify and license radio stations and to
prescribe regulations for their operation. Pursuant to the law, FCC has issued detailed regulations for the amateur service.
A radio amateur is aduly authorized person
interested in radio technique solely with a personal aim and without pecuniary interest. Amateur operator licenses are given to U. S. citizens who pass an examination on operation
and apparatus and on the provisions of law
and regulations affecting amateurs, and who
demonstrate ability to send and receive code.
There are five basic classes of amateur license
(Novice, Technician, General-Conditional, Advanced, and Amateur Extra), each having different requirements and each conveying different
privileges as to frequencies available and choice
of emission. Station licenses are granted only to
licensed operators and permit communication
between such stations for amateur purposes, i.e.,
for personal noncommercial aims flowing from
an interest in radio technique. An amateur station
may not be used for material compensation of any
sort nor for broadcasting. Narrow bands of frequencies are allocated exclusively for use by amateur stations. Transmissions may be on any
frequency within the assigned bands. All the
frequencies may be used for c.w. telegraphy and
some are available for radiotelephony by any
amateur, while others are reserved for radiotelephone use by persons holding higher grades of
license. The input to the final stage of amateur stations is limited to 1000 watts and on
frequencies below 144 Mc. must be adequatelyfiltered direct current. Emissions must be free
from spurious radiations. The licensee must
provide for measurement of the transmitter
frequency and establish aprocedure for checking 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. An amateur station may be
operated only by an amateur operator licensee,
but any licensed amateur operator may operate
any amateur station within the scope of privileges
conveyed by the licensesell radio licensees are
subject to penalties for violation of regulations.
Amateur licenses are issued entirely free of
charge. They can be issued only to citizens but
that is the only limitation, and they are given
without regard to age or physical condition to
anyone who successfully completes the examination. When you are able to copy code at the
required speed, have studied basic transmitter
theory and are familiar with the law and amateur regulations, you are ready to give serious
thought to securing the Government amateur
licenses which are issued you, after examination at a local district office or examining
points in most of our larger cities, through
FCC at Washington. A complete up-to-theminute discussion of license requirements, and
study guides for those preparing for the examinationo, are to be found in an ARRL publication,
The Radio Amateur's License Manual, available
from the American Radio Relay League, West
Hartford 7, Conn., for 500, postpaid.

•LEARNING THE CODE

In starting to learn the code, you should
consider it simply another means of conveying
A didah

N dandit

B dandididit

O dandandah

C ditildidandit

P didandandit

D dandidit

Q dandah.didah

E dit

R didandit —

F dididandit

S dididit

G dandandit

dah

H didididit

U dididah

I didit

V didididah

J didandandah

W didandah

K dandidah

X dandididah

L didandidit

Y dandidandah

M dandah
—
I didandandandah

Z dandandidit
6 dandidididit

2 diciicialidandah

7 dandandididit

3 didididandah

8 dandandandidit

4 dididididah

9 dandaltdandandit

5 dididididit

O dandandandandah
— — — — —

Period: didandidandidah. Comma: dandahdididandah. Question mark: dididandandidit.
Error : didididididididit. Double dash : dandidididah.

Wait:

didandididit.

End of message:

didandidandit. Invitation to transmit: dandidah. End of work: didididandidah. Fraction
bar: dandididandit.
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 combinati9* of dots and dashes. It is
easy to " speak" c6de equivalents by using
"dit" and "dah," so that A would be " didah"
(the " t" is dropped in such combinations). The
sound " di" should be staccato; a code character such as " 5" should sound like amachinegun burst: dididididit! Stress each "dah"
equally; they are underlined or italicized in
this text because they should be slightly
accented and drawn out.
Take afew characters at atime. Learn them
thoroughly in didah language before going
on to new ones. If someone who is familiar
with code can be found to " send" to you,
either by whistling or by means of a buzzer
or code oscillator, enlist his coOperation.
Learn the code by listening to it. Don't think
about speed to start; the first requirement is
to learn the characters to the poin': where
you can recognize each of them without
hesitation. Concentrate on any dit! cult 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 Radiotelegraph Code, 25¢ postpaid.

•THE AMATEUR BANDS
Amateurs are zi—ined bands of frequencies
at approximate
t
ve intervals throughout
the spectrum. IA..
sto all services,
they are subject to modification to fit the
changing picture of world communications
needs.
In the adjoining table is a summary of the
U. S. amateur bands on which operation is permit fed as of our press date. Figures are megacycles. AO means an unmodulated carrier, Al
means c.w. telegraphy, A2 is tn.e.w., A3 is AM
'phone, A4 is facsimile, A5 is television, NFM
designates narrow-band frequency- or phasemodulated radiotelephony, and FM means
frequency
modulation, ' phone ( including
NFM) or telegraphy. In addition, amateurs
are assigned portions of the band 1800-2000
ke., subject to certain power and geographical
restrictions, as shown in the table below; either
e.w. or voice may be used.
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Area

Band, kc

Mississippi River to East

1800-1825 kc

Coast U.S. (except Flor-

1875-1900 kc

ida and states bordering
Gulf of Mexico)
Mississippi River to West
Coast U.S. (except states
bordering Gulf of Mex-

1900-1925 kc
1975-2000 ke

Power ( watts)
Day
Night
500

200

•300 •20C

ieoi
Florida and states bordering Gulf of Mexico
Puerto Rico and Virgin
Islands
Hawaiian Islands

1800-1825 kc
1873-1900 ke
1900 1925 ke

300

1975-2000 ke
1900-1925 kc

500

1973-2000

200 No operation
.50
200

kc

•Except in State of Washington where daytime
power limited to 200 watts and night time power
to 50 watts.

The 1947 International Radio Conference
resulted in certain planned changes in present
bands which may become effective some time
in 1952. They are: areduction in the 20- meter
band to make it thenceforth 14,000-14,350 kc.,
and a new band 21,000-21,450 kc. Further, at
press time changes in amateur rules had been
proposed to permit NFM operation on all amateur bands open to voice (except in 1800-2000
ke.) and to make certain additional emissions
permissible in the 7000-kc. band. Because of the
possibility of these and other changes each amateur should keep himself currently informed by
consulting QST or by writing ARRL for latest
information.
3.500- 4.000 — Al
3.800- 4. 000 — AS. Advanced or Extra Class
:3.500 - 3.noo — NFM, Advanced or Extra
Class
7.000- 7.300 — Al
14.000-14.400 — Al
14.20(1-14.300 — AS, Advanced or Extra Class
14.200-14.250
NFM, Advanced or Extra
Class
26.960-27.230 — All. A 1. A2, AS. A4, FM
28.000-29.700 — Al
28.300-29.700 — AS
28.5(10-29.000 — NFM
29.000-29.71E — FM
50.0 -54.0 — A I. A2, A3, A4, NFM
52.5 -54.0 — FM
144 - 148 — AO, Al, A2, AS, A4, FM
220 -225 — All, AI, A2, A3. A4, FM
420* -450* — All. Al, A2, AS, A4, AS, FM
1.215 - 1,300— All, Al, A2, A3, A4, AS, FM
2.300 - 2,450
3,300 - 3,500
5,650 - 5,925 All, AI. A2. A3, A4, AS, FM,
10,000
-10,500
Pulse
21,000 -22,000
All above 30,000
*Peak antenna power must not exceed 50 watts.

CHAPTER 2

Electrical Laws
and Circuits
• ELECTRIC

AND MAGNETIC

FIELDS
When something occurs at one point in space
because something else happened at another
point, with no visible means by which the "cause"
can be related to the "effect," we say the two
events are connected by a field. The fields with
which we are concerned are the electric and
magnetic, and the combination of the two called
the electromagnetic field.
A field has two important properties, intensity
(magnitude) and direction. The field exerts a
force on an object immersed in it; this force
represents potential (ready-to-be-used) energy,
so the potential of the field is a measure of the
field intensity. The direction of the field is the
direction in which the object on which the force
is exerted will tend to move.
An electrically-charged object in an electric
field will be acted on by aforce that will tend to
move it in a direction determined by the direction of the field. Similarly, amagnet in amagnetic
field will be subject to aforce. Everyone has seen
demonstrations of magnetic fields with pocket
magnets, so intensity and direction are not hard
to grasp.
A "static" field is one that neither moves nor
changes in intensity. Such a field can be set up
by a stationary electric charge (
electrostatic
field) or by a stationary magnet (
magnetostatic
field). But if either an electric or magnetic field is
moving in space or changing in intensity, the
motion or change sets up the other kind of field.
That is, a changing electric field sets up a magnetic field, and a changing magnetic field generates an electric field. This interrelationship
between magnetic and electric fields makes possible such things as the electromagnet and the
electric motor. It also makes possible the electromagnetic waves by which radio communication
is carried on, for such waves are simply traveling
fields in which the energy is alternately handed
back and forth between the electric and magnetic fields.

which die force is exerted will move. The number
of lines in a chosen cross section of the field is a
measure of the intensity of the force. The number
of lines per square inch, or per square centimeter,
is called the flux density.

• ELECTRICITY

AND THE ELECTRIC

CURRENT

Everything physical is built up of atoms, particles so small that they cannot be seen even
through the most powerful microscope. But the
atom in turn consists of several different kinds of
still smaller particles. One is the electron, es.sentially asmall particle of electricity. The quantity
or charge of electricity represented by the electron is, in fact, the smallest quantity of electricity that can exist. The kind of electricity
associated with the electron is called negative.
An ordinary atom consists of a central core
called the nucleus, around which one or more
electrons circulate somewhat as the earth and
other planets circulate around the sun. The
nucleus has an electric charge of the kind of
electricity called positive, the amount of its
charge being just exactly equal to the sum of the
negative charges on all the electrons associated
with that nucleus.
The important fact about these two "opposite" kinds of electricity is that they are strongly
attracted to each other. Also, there is a strong
force of repulsion between two charges of the
same kind. The positive nucleus and the negative
electrons are attracted to each other, but two
electrons will be repelled from each other and so
will two nuclei.
While in anormal atom the positive charge on
the nucleus is exactly balanced by the negative
charges on the electrons, it is possible for an
atom to lose one of its electrons. When that happens the atom has a 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 apositive ion. If an atom
picks up an extra electron, as it sometimes does.
it has a net negative charge and is called a
Lines of Force
negative ion. A positive ion will attract any stray
electron in the vicinity, including the extra one
Although no one knows what it is that composes the field itself, it is useful to invent a that may be attached to a nearby negative ion.
In this way it is possible for electrons to travel
picture of it that will help in visualizing the
from atom to atom. The movement of ions or
forces and the way in which they act.
electrons constitutes the electric current.
A field can be pictured as being made up of
The amplitude of the current ( that is, its inlines of force, or flux lines. These are purely
tensity or magnitude) is determined by the rate at
imaginary threads that show, by the direction
which electric charge — an accumulation of elecin which they lie, the direction the object on
15
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trons or ions of the same kind — moves past a
point in a circuit. Since the charge on a single
electron or ion is extremely small, the number
that must move as a group to form even a tiny
current is altinist inconceivahly large.
Conductors and Insulators
Atoms of some mibeials, notably metals and
acids, will give up an electron readily, but atoms
of other materials will not part with any of their
electrons even when the electric foi ce is extremely
strong. Materials in which electrons or ions can
be moved with relative ease are called conductors,
while those that refuse to permit such movement
are called nonconductors or insulators. The following list shows how some common materials
divide between the conductor and insulator
classifications:
Conductors

Insulators

Metals
Carbon
Acids

Dry Air
Wood
Porcelain
Textiles
Glass
Rubber
Resins

Electromotive Force
The electric force or i)otential (called electromotive force, and abbreviated e.m.f.) that causes
current flow may be developed in several ways.
The action of certain chemical solutions on dissimilar metals sets up an e.m.f.; such acombination is called acell, and agroup of cells forms an
electric battery. The amount of current that such
cells can carry is limited, and in the course of
current flow one of the metals is eaten away. The
amount of electrical energy that can be taken
from a battery consequently is rather small.
Where a large amount of energy is needed it is
usually furnished by an electric generator, which
develops its e.m.f. by acombination of magnetic
and mechanical means.
In picturing current flow it is natural to think
of asingle, constant force causing the electrons to
move. When this is so, the electrons always move
in the same direction through a path or circuit
made up of mnductors connected together in a
continuous chain. Siieh a current is called a
direct current, abbreviated d.c. It is the type of
current furnished by batteries and by certain
types of generators. Ilowever, it is also possible
to have an e.m.f. that Iwriodieally reverses. With
this kind gd e.m.f. the enrich tflows first in i
ou
direction 1h, nigh the circuit and then in the
other. Sueli an e.m.f. is called an alternating
e.m.f., and the current is called an alternating
current (
abbreviated a.c.). The reversals (
alternations) may occur at any rate from a few per
second up to several billion per second. Two ruversals make a cycle; in one cycle the force ; 0•1,,
first in one direction, then in the other, and t
hen
returns to the first direction. The number of
cycles in one second is called the frequency of the
alternating current.

Direct and Alternating Currents
The difference between direct current and
alternating current is shown in Fig. 2-1. In these
graphs the horizontal axis measures time, increasing toward the right away from the vertical
axis. The vertical axis represents the amplitude
or strength of the current, increasing in either
the up or down direction away from the horizontal axis. If the graph is above the horizontal
axis the current is flowing in one direction through
the circuit ( indicated by the + sign) and if it is
below the horizontal axis the current is flowing
in the reverse direction through the circuit ( indicated by the — sign). Fig. 2-1A shows that, if we
close the circuit — that is, make the path for the
current complete — at the time indicated by X,
the current instantly takes the amplitude indicated by the height A. After that, the current
continues at the same amplitude as time goes on.
This is an ordinary direct current.
In Fig. 2-1B, the current starts flowing with
the amplitude A at time X, continues at that
amplitude until time Y and then instantly ceases.
After an interval YZ the current again begins to
flow and the same sort of start-and-stop performance is repeated. This is an intermittent direct
current. We could get it by alternately closing
and opening aslA itch in the circuit. It is adirect
current because the direction of current flow does
not change; the graph is always on the
side of
the horizontal axis.
In Fig. 2-1C the current starts at zero, increases in amplitude as time goes on until it
reaches the amplitude A, while flowing in the -Idirection, then decreases until it drops to zero
amplitude once more. At that time (
X) the

A
Time —0.-

A
Time

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

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

2nd Harmonic

1

Waveforms
The type of alternating current shown in Fig.
2-1 is known as a sine wave. The variations in
many a.c. waves are not so smooth, nor is one
half-cycle necessarily just like the preceding one
in shape. However, these complex waves can be
shown to be the sum of two or more sine waves of
frequencies that are exact integral ( whole-number) multiples of some lower frequency. The
lowest frequency is called the fundamental frequency, and the higher frequencies ( 2 times, 3
times the fundamental frequency, and so on) are
called harmonics.
Fig. 2-2 shows how a fundamental and a
second harmonic ( twice the fundamental) might
add to form acomplex wave. Simply by changing
the relative amplitudes of the two waves, as well
as the times at which they pass through zero
amplitude, an infinite number of waveshapes can
be constructed from just a fundamental and
second harmonic. Waves that are still more complex can be constructed if more harmonics are
used.
Electrical Units
The unit of electromotive force is called the
volt. An ordinary flashlight cell generates an
e.m.f. of about 1.5 volts. The e.m.f. commonly
supplied for domestic lighting and power is 115
volts, usually a.c. having afrequency of 60 cycles
per second. The voltages used in radio receiving
and transmitting circuits range from a few volts
(usually a.c.) for filament heating to as high as a
few thousand d.c. volts for the operation of power
tubes.
The flow of electric current is measured in
amperes. One ampere is equivalent to the movement of many billions of electrons past a point
in the circuit in one second. Currents in the
neighborhood of an ampere are required for heating the filaments , , 1* small power tubes. The direct
currents used in amateur radio ecittipnient usually
are Ind so large, and it is eustiunary to measure
such inri dits in milliamperes. One milliampere
is equal t,, one one- thousandth of an ampere, or
MOO milliamperes equals one ampere.
.\ "d.c. ampere" is a measure of u steady current, but the " a.r. ampere" must measure a
current that is continually varying in amplitude
and periodically reversing direction. To put the
two on the same basis, an a.c. ampere is defined
as the amount of current that will cause the same
heating effect ( see later section) as one ampere
of steady direct current. For sine-Wave a.c., this
effective (
or r.m.s.) value is equal to the Maximum amplitude (
A 1or A2 in Fig. 2-1C) multiplied
by 0.707. The instantaneous value is the value

VV
Resultant

0

Fig. 2-2 — A complex ‘, 4INeform. A fundamental (top)
and second harmonic (center) added together, point by
point at each instant, result in the waveform shown at
the bottom. When the two components have the same
polarity at aselected instant, the resultant is the simple
sum of the two. When they have opposite polarities, the
resultant is the difference; if the negative- polarity component is larger, the resultant is negative at that instant.
that the current (or voltage) has at any selected
instant in the cycle.
If all the instantaneous values in a sine wave
are averaged over a half-cycle, the resulting
figure is the average value. It is equal to 0.6:16
times the maximum amplitude. The average
value is useful in connection with rectifier systeins, as described in a later chapter.

• FREQUENCY

AND
WAVELENGTH
Frequency Spectrum

Frequencies ranging from about 15 to 15,000
cycles per second are called audio frequencies,
because the vibrations of air particles that our
ears recognize as sounds occur at a similar rate.
Audio frequencies ( abbreviated al.) are used to
actuate loudspeakers and thus create sound
waves.
Frequer u(i(
lx we al iout 15,000 i
ycles are
called radio frequencies (r.f.) berausw they are
useful in radio transmission. lerequeneies all the
way up to atol beyond 10,000,000,000 eyries
have been used for mho purposes. M radio frequencies the numbers become so large Unit it beconies convenient to use a larger unit, than the
cycle. Two such units are the kilocycle, which is
equal to 1000 cycles and is abbreviated kc., and
the megacycle, whieh is equal to 1,000,000 cycles
or 1000 kilocycles and is abbreciated Mc.
The various radio frequencies are divided off
into classifications for ready identification. These
classifications, listed below, constitute the frequency spectrum so far as it extends for radio
purposes at the present time.
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Frequency
10 to 30 kc.
30 to 300 kc.
300 to 3000 kc.
3 to 30 Mc.
30 to 300 Mc.
300 to 3000 Mc.
3000 to 30,000 Mc.

Classification
Abbreviation
Very-low frequencies
v.l.f.
Low frequencies
Medium frequencies
m.f.
High frequencies
h.f.
Very-high frequencies
v.h.f.
Ultrahigh frequencies
u.h.f.
Superhigh frequencies
s.h.f.

Wairength
Radio waves travel at the same speed as light
— 300,000,000 meters or about 186,000 miles a
second in space. They can be set up by a radiofrequency current flowing in a circuit, because
the rapidly-changing current sets up a magnetic
field that changes in the same way, and the varying magnetic field in turn sets up avarying electric field. And whenever this happens, the two
fields move outward at the speed of light.
Suppose an r.f. current has a frequency of
3,000,000 cycles per second. The fields will
go through complete reversals (one cycle) in
1/3,000,000 second. 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 I
istance

the next cycle has begun and a new wave has
started out. The first wave, in other mords, covers
a distance of 100 meters before the beginning of
the next, and so on. This distance is the wavelength.
The longer the time of one cycle — that is, the
lower the frequency — the greater the distance
occupied by each wave and hence the longer the
wavelength. The relationship between wavelength and frequency is shown by the formula
X

— 300 '000

where X =- Wavelength in meters
f = Frequency in kilocycles
or

X =

:
300

where X -= Wavelength in meters
f = Frequency in megacycles
Example: The wavelength corresponding to a
frequency of 3650 kilocycles is
X —

300 '
0°0

3650

— 82.2 meters

Resistance
Given two conductors of the same size and
shape, but of different materials, the amount of
current that will flow when a given e.m.f. is
applied will be found to vary with what is called
the resistance of the material. The lower the resistance, the greater the current for agiven value
of e.m.f.
Resistance is measured in ohms. A circuit has
a resistance of one ohm when an applied e.m.f.
of one volt causes a current of one ampere to
flow. The resistivity of amaterial is the resistance,
in ohms, of acube of the material measuring one
centimeter on each edge. One of the best conductors is copper, and it is frequently convenient,
in making resistance calculations, to compare
the resistance of the material under consideration
with that of acopper conductor of the same size
and shape. Table 2-1 gives the ratio of the resistivity of various conductors to that of copper.
The longer the path through which the current
flows the higher the resistance of that conductor.
For direct current and low-frequency alternating

currents (up to afen thousand cycles per second)
the resistance is inversely proportional to the
cross-sectional area of the path the current must
travel; that is, given two conductors of the same
material and having the same length, but differing in cross-sectional area, the one with the
larger area will have the lower resistance.
Resistance of Wires
The problem of determining the resistance of
a round wire of given diameter and length — or
its opposite, finding asuitable size and length of
wire to supply adesired amount of resistance —
can be easily solved with the help of the copperwire table in the Miscellaneous Data chapter.
This table gives the resistance, in ohms per thousand feet, of each standard wire size.
Example: Suppose a resistance of 3.5 ohms is
needed and some No. 28 wire is on hand. The
wire table in the Miscellaneous Data chapter
shows that No. 28 has a resistance of 66.17 ohms
per thousand feet. Since the desired resistance is
3.5 ohms, the length of wire required will be
3.5
66.17 X 1000 = 52.89 feet.

TABLE 2-I
Relative Resistivity of Metals

Material
Aluminum (pure)
Brass
Cadmium
Chromium
Copper ( hard-drawn)
Copper (annealed)
Iron (pure)
Lead
Nickel
Phosphor Bronze
Silver
Tin
Zinc

Resistir ity
Compared to Copper

625 to

1.70
3.57
5.26
1.82
1.12
1.00
5.65
14.3
8.33
2.78
0.94
7.70
3.54

Or, suppose that the resistance of the wire in
the circuit must not exceed 0.05 ohm and that
the length of wire required for making the connections totals 14 feet. Then
14
—
X R = 0.05 ohm
1000
where R is the maximum allowable resistance in
ohms per thousand feet. Rearranging the formula gives
R

0.05 X 1000
—
— 3.57 ohms/1000 ft.
14

Reference to the wire table shows that No. 15 is
the smallest size having a resistance less than
this value.

When the wire is not copper, the resistance
values given in the wire table should be multi-
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Types of resistors used in radio equipment. Those in the foreground with
wire leads are carbon types, ranging
in size from
watt at the left to 2
watts at the right. The larger resistors
use resistance wire wound on ceramic
tubes; sizes shown range from 5watts
to 100 watts. Three are the adjustable
type, using a sliding contact on an
exposed section of the resistance
winding.

plied by the ratios given in Table 2-I to obtain
the resistance.
Example: If the wire in the first example were
iron instead of copper the length required for
3.5 ohms would be
3.5
X 1000 = 9.35 feet.
66.17 X 5.65
Temperature Effects

The resistance of a conductor changes with
its temperature. Although it is seldom necessary
to consider temperature in making resistance
calculations for amateur work, it is well to know
that the resistance of practically all metallic
conductors increases with increasing temperature. Carbon, however, acts in the opposite way;
its resistance decreases when its temperature rises.
The temperature effect is important when it is
necessary to maintain aconstant resistance under
all conditions. Special materials that have little
or no change in resistance over a wide temperature range are used in that case.
Resistors
A "package" of resistance made up into a
single unit is called a resistor. Resistors having
the same resistance value may be considerably
different in size and construction. The flow of
current through resistance causes the conductor
to become heated; the higher the resistance and
the larger the current, the greater the amount of
heat developed. Resistors intended for carrying
large currents must be physically large so the heat
can be radiated quickly to the surrounding air.
If the resistor does not get rid of the heat quickly
it may reach a temperature that will cause it to
melt or burn.
Skin Effect
The resistance of a conductor is not the same
for alternating current as it is for direct current.
When the current is alternating there are internal
effects that tend to force the current to flow
mostly in the outer parts of the conductor. This
decreases the effective cross-sectional area of the
conductor, with the result that the resistance
increases.

For low audio frequencies the increase in resistance is unimportant, but at radio frequencies
this skin effect is so great that practically all the
current flow is confined within afew thousandths
of an inch of the conductor surface. The r.f.
resistance is consequently many times the d.c.
resistance, and increases with increasing frequency. In the r.f. range a conductor of thin
tubing will have just as low resistance as asolid
conductor of the same diameter, because material
not close to the surface carries practically no
current.
Conductance
The reciprocal of resistance (that is, 1/R) is
called conductance. It is usually represented by
the symbol G. A circuit having large conductance
has low resistance, and vice versa. In radio work
the term is used chiefly in connection with
vacuum-tube characteristics. The unit of conductance is the mho. A resistance of one ohm has
a conductance of one mho, a resistance of 1000
ohms has aconductance of 0.001 mho, and so on.
A unit frequently used in connection with vacuum
tubes is the micromho, or one-millionth of amho.
It is the conductance of a resistance of one
megohm.

• OHM'S

LAW

The simplest form of electric
tery with aresistance connected
as shown by the symbols in Fig.
circuit must have an unbroken
Fig. 2-3— A simple cir.
cuit consisting of a battery and resistor.

circuit is a batto its terminals,
2-3. A complete
path so current

•&. Ball.

can flow out of the battery, through the apparatus
connected to it, and back into the battery. The
circuit is broken, or open, if a connection is removed 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- II
Conversion Factors for Fractional and
Multiple Units

To change from

To

Units

Micro-units
Milli-units
Kiloupe
Mega -dets

Micro-units

Milli-units

Kilo-units

Mega-units

Divide kv
1,000,000
1000
1000

1,000,000

Milli-units

E

1000

Units

1,000,000

Micro-units

1000

Units

1000

Units
Mega-units

1000
1,000,000
1000

The values of current, voltage and resistance
in acircuit are by no means independent of each
other. The relationship between them is known
as Ohm's Law. It can be stated as follows: The
current flowing in a circuit is directly proportional to the applied e.m.f. and inversely proportional to the resistance. Expressed as an equation, it is
E(
volts)
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:

= 150
— X 20,000 = 3000 volts
1000

When a voltage of 150 is applied to a circuit
the current is measured at 2.5 amperes. What is
the resistance of the circuit? In this case R is the
unknown, so
E
150
R = — = — = 60 ohms
I
2.5

1000

Units
Kilo-units

/ (amperes) —

The following examples illustrate the use of
Ohm's Law:
The current flowing in a resistance of 20,000
ohms is 150 milliamperes. What is the voltage?
Since the voltage is to be found, the equation to
use is E = IR. The current must first be converted from milliamperes to amperes, and reference to the table shows that to do so it is necessary to divide by 1000. Therefore,

No conversion was necessary because the voltage and current were given in volts and amperes.
How much current will flow if 250 volts is applied to a5000-ohni resistor? Since / is unknown,
E

250

It '
5000

— 0.05' ampere

Milliampere units would he more convenient for
the current, and 0.05 amp. X 1000 = 50 milliamperes.

•SERIES AND PARALLEL
RESISTANCES

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

ert

E = IR
(that is, the voltage acting is equal to the current in amperes multiplied by the resistance in
ohms) and
R

=••

(or, the resistance of the circuit is equal to the
applied voltage divided by the current).
All three forms of the equation are used almost
constantly in radio work. It must be remembered
that the quantities are in volts, ohms and amperes;
other units cannot be used in the equations
without first being converted. For example, if the
current is in milliamperes it must be changed to
the equivalent fraction of an ampere before the
value can be substituted in the equations.
Table 2-II shows how to convert between the
various units in common use. The prefixes attached to the basic-unit name indicate the nature
of the unit. These prefixes are:
micro
milli
kilo
mega

Fig. 2-4— Resistors connected in
series and in parallel.

— one-millionth (abbreviated II)
— one-thousandth (abbreviated m)
— one thousand (abbreviated k)
— one million (abbreviated M)

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

PARALLEL

variety of ways. The two fundamental methods
of connecting resistances are shown in Fig. 2-4.
In the upper drawing, the current flows from the
source of e.m.f. (in the direction shown by the
arrow, let us say) down through the first resistance, RI, then through the second, R2, and
then back to the source. These resistors are connected 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 R1 and the other through R2. At the
lower connection point these two currents again
combine; the total is the same as the current
that flowed into the upper common connection.
In this case the two resistors are connected in
parallel.
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Resistors in

Series

When a circuit has a number of resistances
connected in series, the total resistance of the
circuit is the sum of the individual resistances.
If these are numbered RI, R2, R3,etc., then
R (
total) = R1 ± R2 ± R3 ± R4 ± • • • •
where the dots indicate that as many resistors as
necessary may be added.
Example: Suppose that three resistors are
connected to a source of e.m.f. as shown in Fig.
2-5. The e.m.f. is 250 volts, Ri is 5000 ohms,
112 is 20,000 ohms, and R3 is 8000 ohms. The
total resistance is then
= RI±

les +

= 5000 -I- 20,000 + 8000
= 33,000 ohms

The current flowing in the circuit is then
E

250

R

33,000

total current is always greater than the current
in any individual resistor. The formula for finding
the total resistance of resistances in parallel is
1

R—

1
R1

1

1

R2

R3

R4

where the dots again ireate that any number
of resistors can be combined by the same method.
For only two resistances in parallel (avery common case) the formula is
R —

RiR2
RI ± R2

Example: If a 500-ohm resistor is paralleled
with one of 1200 ohms, the total resistance is
—

R

- 0.00757 amp. = 7.'57 ma.

111111111122500 X 1200
Ri+ R2

600.000

500 -I- 1200

1700

= 353 ohms

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

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

Voltage Drop
Ohm's Law applied to any part of a circuit as
well as to the whole circuit. Although the current is the same in all three of the resistances
in the example, the total voltage divides among
them. The voltage appearing across each resistor
(the voltage drop) can be found from Ohm's Law.
Example: If the voltage across RI(
Fig. 2-5)
is called Li, that across /12 is called E2, and that
across 113 is called E3, then
= / RI = 0.00757 X 5000 = 37.9 volts
E2
1112 = 0.00757 X 20,000 = 151.4 volts
£3 = / R3 = 0.00757 X 8000 = 60.6 volts
The total voltage must equal the sum of the individual voltage drops:
E = Ei +

E2

E3 = 37.9 + 151.4 -F 60.6
= 249.9 volts

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

An example of resistors in parallel. The solution is worked out in the text.
Fig. 2-6—

sistors of the previous example are connected in
parallel as shown in Fig. 2-6. The same e.m.f.,
250 volts, is applied to all three of the resistors.
The current in each can be found from Ohm's
Law as shown below, /1 being the current
through RI, /2the current through R2 and 13 the
current through R3.
For convenience, the resistance will be expressed
in kilohms so the current will be in milliamperes.
=

A L.
50 = 50 ma.
RI

5

250
E
12 = — = — = 13.0 ma.
112
20

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

Ia =—
E
= 25°
— = 31.25
Ra
8

ma.

The total current is
5000

An example
of resistors in series. The
solution of the circuit is
worked out in the text.
Fig. 2-5—

:E.

250V.

20,000

8000
MSS
R3

resistance is expressed in kilohms rather than
ohms. When resistance in kilohms is substituted
directly in Ohm's Law the current will he in
milliamperes if the e.m.f. is in volts.
Resistors in Parallel
In a circuit with resistances in parallel, the
total resistance is less than that of the lowest
value of resistance present. This is because the

/ = Ii + /2 + /3 = 50
12.5 + 31.25
= 93.75 ma.
The total resistance of the circuit is therefore
E

250

I

93.75

— 2.66 kilohms ( = 2660 ohms)

Resistors in Series-Parallel
An actual circuit 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 such a
circuit such as Fig. 2-7 is as follows: Consider
R2 and R3 in parallel as though they formed a
single resistor. Find their equivalent resistance.
Then this resistance in series with R1 forms a
simple series circuit, as shown at the right in
Fig. 2-7.
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when the resistance and either the current or
voltage ( but not both) are known.
Req.

¡E•250g

(Equivalent R
of R2 and R3
in parallel)

R

20,000

Example: How much power will be used up
in a 4000-ohm resistor if the voltage applied to
it is 200 volts? From the equation
P

OUIVALENT CIRCUIT
Fig. 2-7 — An example ofie
sistors in series-parallel. The
solution is worked out in the text.
Example: The first step is to find the equivalent resistance of 112 and R. From the formula
for two resistances in parallel.
20 X 8

160

R2 -1- /
23
20+8
= 5.71 kilohms

Rea

28

The total resistance in the circuit is then
R = Ri

= 5 + 5.71 kilohms
= 10.71 kilohms

The current is
E

250

It

10.71

= 23.4 ma.

RIand

The voltage drops across

R,. are

= IR, = 23.4 X 5 = 117 volts
E2 =
= 23.4 X 5.71 = 133 volts
with sufficient accuracy. These total 250 volts,
thus checking the calculations so far, because
the sum of the voltage drops must equal the
total voltage. Since E2 appears across both 112
and Ra,
E2
133
/2 = — = — = o.to
112
20
=

fes

=

133
—

8

= 16.6 ma.

where /2 = Current through 112
/a = Current through Ra
The total is 23.35 nia., which checks closely
enough with 23.4 ma., the current through the
whole circuit.

•POWER

AND ENERGY

Power — the rate of doing work — is equal
to voltage multiplied by current. The unit of
electrical power, called the watt, is equal to one
volt multiplied by one ampere. The equation
for power therefore is
P = El
where P = Power in watts
E = E.m.f. in volts
/ = 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 on a transmitting
vacuum tube is 2000 volts and the plate current
is 350 milliamperes. ( The current must be
changed to amperes before substitution in the
formula, and so is 0.35 amp.) Then
P = El = 2000 X 0.35 = 700 watts

By substituting the Ohm's Law equivalents
for E and I, the following formulas are obtained
for power:
E2
P = —
R
P =

PR

These formulas are useful in power calculations

E2 ( 200)2
—
—
It
4000

40,000
— 10 watts
4000

Or, suppose a current of 20 milliamperes flows
through a 300-ohm resistor. Then
P = / 2R = (0.02) 2 X 300 = 0.0004 X 300
= 0.12 watt
Note that the current was changed from milliamperes to amperes before substitution in the
formula.

Electrical power in a resistance is turned
into heat. The greater the power the more
rapidly the heat is generated. Resistors for radio
work are made in many sizes, the smallest being
rated to "dissipate" (or carry safely) about %
watt. The largest resistors used in amateur equipment will dissipate about 100 watts.
Generalized Definition of Resistance
Electrical power is not always turned into heat.
The power used in running amotor, for example,
is converted to mechanical motion. The power
supplied to a radio transmitter is largely converted into radio waves. Power applied to aloudspeaker is changed into sound waves. But in every
case of this kind the power is completely "used
up" — it cannot be recovered. Also, for proper
operation of the device the power must be supplied at a definite ratio of voltage to current.
Both these features are characteristics of resistance, so it can be said that any device that dissipates power has adefinite value of "resistance."
This concept of resistance as something that
absorbs power at adefinite voltage/current ratio
is very useful, since in circuit work it permits
substituting a simple resistance load for the
power-consuming part of the device receiving
power, often with considerable circuit simplification. Of course, every electrical device has some
resistance of its own in the more narrow sense,
so apart of the power supplied to it is dissipated
in that resistance and hence appears as heat even
though the major part of the power may be
converted to another form.
Efficiency
In devices such as motors and vacuum tubes,
the object is to obtain power in some other
form than heat. Therefore power used in heat,
ing is considered to be a loss, because it is not
the useful power. The efficiency of a device is
the useful power output ( in its converted form)
divided by the power input to the device.
In a vacuum-tube transmitter, for example,
the object is to convert power from a d.c.
source into a.c. power at some radio frequency.
The ratio of the r.f. power output to the d.c.
input is the efficiency of the tube. That is,
Eff. -Fi
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where EJ. = Efficiency (as adecimal)
P. = Power output (watts)
Pi = 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
efficiency is
E, _
_ 60 _ 0 6
P,

ioo

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

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

Electrical work is equal to power multiplied by
time; the common unit is the watt-hour, which
means that a power of one watt has been used
for one hour. That is,
W = PT
where W = Energy in watt-hours
P = Power in watts
T = Time in has
Other energy units are the kilowatt-hour and
the watt-second. These units should be selfexplanatory.
Energy units are seldom used in amateur
practice, but it is obvious that a small amount
of power used for a long time can eventually
result in a "power" bill that is just as large as
though a large amount of power had been
used for avery short time.

Capacitance and Condensers
Suppose two flat metal plates are placed close
to each other (but not touching) as shown in
Fig. 2-8. Normally, the plates will be electrically "neutral"; that is, no electrical charge
will be evident on either plate.
Now suppose that the plates are connected
to a battery through aswitch, as shown. At the

Fig. 2-8 — A
simple condenser.

instant the switch is closed, electrons 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 the
negative battery terminal. This electron movement will continue until enough electrons move
into one plate and out of the other to make the
e.m.f, between them the same as the e.m.f. of
the battery.
If the switch is opened after the plates have
been charged, the top plate is left with a deficiency of electrons and the bottom plate with
an excess. In other words, the plates remain
charged despite the fact that the battery no
longer is connected. However, if awire is touched
between the two plates (
short-circuiting them)
the excess electrons on the bottom plate will flow
through the wire to the upper plate, thus restoring electrical neutrality to both plates. The
plates have then been discharged.
The two plates constitute an electrical capacitor
or condenser, and from the discussion above it
should be clear that a condenser possesses the
property of storing electricity. It should also
be clear that during the time the electrons are
moving — that is, while the condenser is being
charged or discharged — a current is flowing
in the circuit even though the circuit is "broken"
by the gap between the condenser plates. However, the current flows only during the time of

charge and discharge, and this time is usually
very short. There can be no continuous flow of
direct current "through" acondenser.
The charge or quantity of electricity that
can be placed on a condenser is proportional to
the applied voltage and to the capacitance or
capacity of the condenser. The larger the plate
area and the smaller the spacing between the
plates the greater the capacitance. The capacitance also depends upon the kind of insulating
material between the plates; it is smallest with
air insulation, but substitution of other insulating
materials for air may increase the capacitance
of a condenser many times. The ratio of the
capacitance of a condenser with some material
other than air between the plates, to the capacitance of the same condenser with air insulation, is
called the specific inductive capacity or dielectric
constant of that particular insulating material.
The material itself is called a dielectric. The
dielectric constants of a number of materials
TABLE 2-III
Dielectric Constants and Breakdown Voltages

Material
Air
Alsimag A196

Dielectric
Constant
1.0
5.7

Bakelite (paper-base)
3.8-5.5
Bakelite (mica-filled)
5-6
Celluloid
4-16
Cellulose acetate
6-8
Fiber
5-7.5
Formica
4.6-4.9
Glass (window)
7.6-8
Glass (photographic)
7.5
Glass (Pyrex)
4.2-4.9
Lucite
2.5-3
Mica
2.5-8
Mica (clear India)
6.4-7.5
Mycalex
7.4
Paper
2.0-2.6
Polyethylene
2.3-2.4
Polystyrene
2.4-2.9
Porcelain
6.2-7.5
Rubber (hard)
2-3.5
Steatite (low-loss)
Wood (dry oak)
2.5 -6.8
.
•In volts per mil (0.001 inch).

Puncture
Voltage*
19.8-22.8
240
650-750
475-600
300-1000
150-180
450
200-250
335

480-500
600-1500
250
1250
1000
500-2500
40-100
450
150-315
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commonly used as dielectrics in condensers are
given in Table 2-III. If a sheet of photographic
glass is substituted for air between the plates of
a condenser, for example, the capacitance of the
condenser will be increased 7.5 times.
Units
The fundamental tie of capacitance is the
farad, but this unit is Much too large for practical work. Capacitance is usually measured in
microfarads (
abbreviated pfd.) or micromicrofarads (Add.). The microfarad is one-millionth

Fig. 2-9— A multiple-plate condenser. Alternate plates
are connected together.
of a farad, and the micromicrofarad is one-millionth of amicrofarad. Condensers nearly always
have more than two plates, the alternate plates
being connected together to form two sets as
shon nin Fig. 2-9. This makes it possible to attain
a fairly large capacitance in a small space as
compared vi ith a two-plate condenser, since
several plates of smaller individual area can be
stacked to form the equivalent of a single large
plate of the same total area. Also, all plates,
except the two on the ends, are exposed to plates
of the other group on both sides, and so are twice
as effective in increasing the capacitance.
The formula for calculating the capacitance
of acondenser is:
C

= 0.224 —
KdA (n

— 1)

where C = Capacitance in npfd.
K = Dielectric constant of material between plates
A = Area of one side of one plate in
square inches
d = Separation of plate surfaces in inches
n = Number of plates

If the plates in one group do not have the same
area as the plates in the other, use the area of
the smaller plates.
Example: A " variable" condenser has 7semicircular plates on its rotor, the diameter of the
semicircle being 2 inches. The stator has 6 rectangular plates, with a semicircular cut-out to
clear the rotor shaft, but otherwise large enough
to face the entire area of arotor plate. The diameter of the cut-out is ),¡ inch. The distance between the adjacent surfaces of rotor and stator
plates is % inch. The dielectric is air. What is the
capacitance of the condenser with the plates
fully meshed?
In this case, the " effective" area is the area
of the rotor plate minus the area of the cut-out
in the stator plate. The area of either semicircle
is .r
2/2, where r is the radius. The area of the
rotor plate is T/2, or 1.57 square inches ( the
radius is 1 inch). The area of the cut-out is
T(ej) 2/2 = r/32 = 0.10 square inch, approximately. The " effective" area is therefore 1.57 —
0.10 = 1.47 square inches. The capacitance is
therefore
C = 0.224KA
— ( n — 1) = 0.224 1X 1.47 (13
d
0.125

1)

--- 0.224 X 11.76 X 12 = 31.6 µdd.
(The answer is only approximate, because of the
difficulty of accurate measurement, plus a
"fringing" effect at the edges of the plates that
makes the actual capacitance a little higher.)

The usefulness of a condenser in electrical
circuits lies in the fact that it can be charged
with electricity at one time and then discharged
at a later time. In other words, it is capable of
storing electrical energy that can be released
later when it is needed; it is an "electrical
reservoir."
Condensers in Radio
The types of condensers used in radio work
differ considerably in physical size, construction,
and capacitance. Some representative types are
shown in the photograph. In variable condensers
(almost always constructed with air for the
dielectric) one set of plates is made movable with
respect to the other set so that the capacitance
can be varied. Fixed condensers — that is, having
fixed capacitance — also can be made with metal
plates and with air as the dielectric, but usually

•
Fixed and variable condensers. 'I'Ise
bottons row includes, left to right, a
high-voltage mica fixed condenser, a
tubular electrolytic, tubular paper,
two sizes of " postage-stamp" micas,
a small ceramic type ( temperature
compensating), an adjustable condenser with ceramic insulation ( for
neutralizing in transmitters), a "button" ceramic condenser, and an ail.
Iii- table " padding" condenser. Four
.sf variable condensers are
in the second row. The twoplate condenser with the micrometer
adjustment is used in transmitters.
The condenser enclosed in the metal
case is ahigh-voltage paper type used
in power-supply filters.

•
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are constructed from plates of metal foil with a
thin solid or liquid dielectric sandwiched in between, so that a relatively large capacitance
can be secured in asmall unit. The solid dielectrics
commonly used are mica, paper and special
ceramics. An example of a liquid dielectric is
mineral oil. The electrolytic condenser uses aluminum-foil plates with a semiliquid conducting
chemical compound between them; the actual
dielectric is a very thin film of insulating material that forms on one set of plates through
electrochemical action when a d.c. voltage is
applied to the condenser. The capacitance obtained with a given plate area in an electrolytic
condenser is very large, compared with condense's
having other dielectrics, because the film is so
extremely thin — much less than any thickness
that is practicable with asolid dielectric.
Voltage Breakdown
When a high voltage is applied to the plates
of a condenser, a considerable force is exerted
on the electrons and nuclei of the dielectric.
Because the dielectric is an insulator the electrons do not become detached from atoms the
way they do in conductors. However, if the
force is great enough the dielectric will "break
down"; usually it will puncture and may char
(if it is solid) and permit current to flow. The
breakdown voltage depends upon the kind and
thickness of the dielectric, as shown in the
table. It is not directly proportional to the
thickness; that is, doubling the thickness does
not quite double the breakdown voltage. If the
dielectric is air or any other gas, breakdown is
evidenced by aspark or arc between the plates,
but if the voltage is removed the arc ceases and
the condenser is ready for use again. Breakdown will occur at a lower voltage between
pointed or sharp-edged surfaces than between
rounded and polished surfaces; consequently,
the breakdown voltage between metal plates of
given spacing in air can be increased by buffing
the edges of the plates.
Since the dielectric must be thick to withstand high voltages, and since the thicker the
dielectric the smaller the capacitance for agiven
plate area, a high-voltage condenser must have
more plate area than a low-voltage condenser of
the same capacitance. High-voltage high-capacitance condensers are physically large.
•

1CI

o
Source of
E.M.F

'ARAL :LT

o

•

Fig. 2-10 — Condensers in series and
parallel.

Source of
EMt

SERIES
the total capacitance is less than that of the
smallest condenser in the group. The rule for
finding the capacitance of a number of seriesconnected condensers is the same as that for
finding the resistance of a number of parallelconnected resistors. That is,
1

C(
total) —

— — -r — — -r
CI
C2 C9
C4
and, for only two condensers in series,
C(
total) =

Ces
+ C2

The same units must be used throughout;
that is, all capacitances must be expressed in
either ¡dd. or eipfd.; you cannot use both units
in the same equation.
Condensers are connected in parallel to obtain a larger total capacitance than is available
in one unit. The largest voltage that can be applied safely to a group of condensers in parallel
is the voltage that can be applied safely to the
condenser having the lowest voltage rating.
When condensers are connected in series, the
applied voltage is divided up among the various condensers; the situation is much the same
as when resistors are in series and there is a
voltage drop across each. However, the voltage that appears across each condenser of a
group connected in series is in inverse proportion to its capacitance, as compared with the
capacitance of the whole group.
Example: Three condensers having capacitances of 1, 2 and 4pfd., respectively, are con-

CONDENSERS IN SERIES AND
PARALLEL

The ternis -parallel" and "series" when used
ith reference to condensers have the same circuit
meaning as with resistances. When a number of
condensers are connected in parallel, as in Fig.
2-10, the total capacitance of the group is equal
to the sum of the individual capacitances, so
C(
total) = CI -I- C2 + C3 + C4 +
However, if two or more condensers are
connected in series, as in the second drawing,

C1p

Eva= volts

fd.

E2

C21 2yfd.

E3

C3

4»fd.

Fig. 2-11— An example of condensers connected in
series. The solution to this arrangement is worked out
in the text.
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nected in series as shown in Fig. 2-11. The total
capacitance is
C -

I
—
Ci

1

1

1
—
C2

1
1
1
— - C3
1
2

1

4

1

7

7

4

4

= 0.571 dd.
The voltage across each condenser is proportional to the total capg.£itance divided by the capacitance of the con‘user in question, so the
voltage across CIis
=

0.571
1

X 2000 = 1142 volts

Similarly, the voltages across C2 and C3 are
E2

0.571
= — X 2000 = 571 volts
2

S'a

0.571
— X 2000 = 286 volts
4

totaling approximately 2000 volts, the applied
voltage.

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

Inductance
It is possible to show that the flow of current
through aconductor is accompanied by magnetic
effects; a compass needle brought near the conductor, for example, will be deflected from its
normal north-south position. The current, in
other words, sets up amagnetic field
If a wire conductor is formed into a coil, the
same current will set up a stronger magnetic
field than it will if the wire is straight. Also, if
the wire is wound around an iron or steel Core
the field will be still stronger. The relationship
between the strength of the field and the intensity
of the current causing it is expressed by the
inductance of the conductor or coil. If the same
current flows through two coils, for example, and
it is found that the magnetic field set up by one
coil is twice as strong as that set up by the other,
the first coil has twice as much inductance as the
second. Inductance is aproperty of the conductor
or coil and is determined by its shape and dimensions. The unit of inductance (corresponding
to the ohm for resistance and the farad for
capacitance) is the henry.
If the current through a conductor or coil is
made to vary in intensity, it is found that an
e.m.f. will appear across the terminals of the

conductor or coil. This e.m.f. is entirely separate from the e.m.f. that is causing the current
to flow. The strength of this induced e.m.f.
becomes greater, the greater the intensity of
the magnetic field and the more rapidly the
current (and hence the field) is made to vary.
Since the intensity of the magnetic field depends
upon the inductance, the induced voltage (for a
given current intensity and rate of variation) is
proportional to the inductance of the conductor
or coil.
The induced e.m.f. (sometimes called back
e.m.f.) tends to send a current through the
circuit in the opposite direction to the current
that flows because of the external e.m.f. so long
as the latter current is increasing. However, if
the current caused by the applied e.m.f. decreases,
the induced e.m.f. tends to send current through
the circuit in the same direction as the current
from the applied e.m.f. The effect of inductance,
therefore, is to oppose any change in the current
flowing in the circuit, regardless of the nature of
the change. It accomplishes this by storing energy
in its magnetic field when the current in the circuit
is being increased, and by releasing the stored
energy when the current is being decreased.

Inductance coils for power and radio
frequencies. The two iron-core coils
at the upper left are "chokes" for
power-supply filters. The three " pie"wound coils at the lower right are
used as chokes in radio-frequency
circuits. The other coils are for r.f.
tuned circuits ranging in power from
25 watts to a kilowatt.
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The values of inductance used in radio equipment vary over a wide range. Inductance of
several henrys is required in power-supply
circuits (see chapter on Power Supplies) and to
obtain such values of inductance it is necessary
to use coils of many turns wound on iron cores.
In radio-frequency circuits, the inductance values
used will be measured in millihenrys (amillihenry
is one one-thousandth of a henry) at low frequencies, and in microhenrys (one one-millionth
of a henry) at medium frequencies and higher.
Although coils for radio frequencies may be
wound on special iron cores (ordinary iron is not
suitable) most r.f. coils made and used by amateurs are the "air-core" type; that is, wound on
an insulating form consisting of nonmagnetic
material.
Inductance Formula
The inductance of air-core coils may be calculated from the formula
0.2 a2n2
p,h.) =
L(
3a
9b
10c
where L =
a =
b -=
c =
n =

Inductance in microhenrys
Average diameter of coil in inches
Length of winding in inches
Radial depth of winding in inches
Number of turns

The notation is explained in Fig. 2-12. The
quantity 10e may be neglected if the coil only
has one layer of wire.
Example: Assume a coil having 35 turns of
No. 30 d.s.c. wire on aform 1.5 inches in diameter. Consulting the wire table ( Miscellaneous
Data chapter), 35 turns of No. 30 d.s.c. will
occupy 0.5 inch. Therefore, a = 1.5, b = 0.5,
n = 35, and
0.2 X ( 1.5) 2 X (35) 2
L
—
— 61.25
(3 X 1.5) -I- (9 X 0.5)

..\13a

+ 96

0.2a 2

X L

Example: Suppose an inductance of 10 microhenrys is required. The form on which the coil is
to be wound has a diameter of one inch and is
long enough to accommodate acoil length of 1RY
inches. Then a = 1, b = 1.25, and L = 10
Substituting,
N

= .
\ 1(3 X 1) -F (0 X 1.25)

=NI

0.2 X 12

X 10

14.25
—
X 10
0.2
= 26.6 turns.

A 27-turn coil would be close enough to the required value of inductance, in practical work.

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

Every conductor has ieuctance, 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, because
if the current through it changes its intensity
rapidly enough the induced voltage may be
appreciable. This will be the case in even a few
inches of wire when an alternating current having
a frequency of the order of 100 Mc. is flowing.
However, at much lower frequencies the inductance of the same wire could be left out of any
calculations because the induced voltage would
be negligibly small.

•

IRON- CORE COILS
Permeability

Suppose that the coil in Fig. 2-13 is wound on
an iron core having a cross-sectional area of 2
square inches. When a certain current is sent
through the coil it is found that there are 80,000
lines of force in the core. Since the area is 2

Fig. 2-13 — Typical construction of an iron-core coil. The
small air gap prevents magnetic
saturation of the iron and increases the inductance at high
currents.

ph.

To calculate the number of turns of a singlelayer coil for arequired value of inductance:
N =

Since the coil will be 1.25 inches long, the number of turns per inch will be 27/1.25 = 21.6.
Consulting the wire table, we find that No. 18
enameled wire (or any smaller size) can be used.
We obtain the proper inductance by winding the
required number of turns on the form and then
adjusting the spacing between the turns to make
auniformly-spaced coil 1.25 inches long.

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
material to the flux density (with the same coil
and same current) with an air core is called the
permeability of the material. In this case the
permeability of the iron is 40,000/50 -= 800.
The inductance of the coil is increased 800 times
by inserting the iron core, therefore.
The permeability of amagnetic material varies
with the flux density. At low flux densities (or
with an air core) increasing the current through
the coil will cause aproportionate increase in flux,
but at very high flux densities, increasing the
current may cause no appreciable change in the
flux. When this is so, the iron is said to be saturated. "Saturation" causes a rapid decrease in
permeability, because it decreases the ratio of
flux lines to those obtainable with the same current and an air core. Obviously, the inductance
of an iron-core coil is highly dependent upon
the current flowing in the coil. In an air-core
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coil, the inductance is independent of current
because air does not "saturate."
In amateur work, iron-core coils such as the
one sketched in Fig. 2-13 are used chiefly in
power-supply equipment. They usually have
direct current flowing through the winding,
and the variation in inductance with current
is usually undesirabléelt may be overcome by
keeping the flux density below the saturation
point of the iron. This is done by cutting the
core so that there is a small "air gap," as indicated by the dashed lines. The magnetic "resistance" introduced by such a gap is so large
— even though the gap is only a small fraction
of an inch — compared with that of the iron
that the gap, rather than the iron, controls the
flux density. This naturally reduces the inductance compared to what it would be without
the air gap — but the inductance is practically
constant regardless of the value of the current.
Eddy Currents and Hysteresis
When alternating current flom› through a
coil wound on an iron core an e.m.f. will be induced, as previously explained, and since iron is a
conductor a current will flow in the core. Such
currents (called eddy currents) represent awaste
of power because they flow through the resistance of the iron and thus cause heating. Eddycurrent losses can be reduced by laminating
the core; that is, by cutting it into thin strips.
These strips or laminations must be insulated
from each other by painting them with some
insulating material such as varnish or shellac.
There is also another type of energy loss in
an iron core: the iron tends to resist any change
in its magnetic state, so a rapidly-changing
current such as a.c. is forced continually to
supply energy to the iron to overcome this
"inertia." Losses of this sort are called hysteresis
losses.
Eddy-current and hysteresis losses in iron
increase rapidly as the frequency of the alternating current is increased. For this reason, we
can use ordinary iron cores only at power and
audio frequencies — up to, say, 15,000 cycles.
Even so, a very good grade or iron or steel is
necessary if the core is to perform well at the
higher audio frequencies. Iron cores of this
type are completely useless at radio frequencies.
For radio-frequency work, the losses in iron
cores can be reduced to a satisfactory figure by
grinding the iron into a powder and then mixing it with a "binder" of insulating material
in such a way that the individual iron particles
are insulated from each other. By this means
cores can be made that will function satisfactorily
even through the v.h.f. range — that is, at frequencies up to perhaps 100 Mc. Because alarge
part of the magnetic path is through a nonmagnetic material, the permeability of the iron is
low compared with the values obtained at
power-supply frequencies. The core is usually
in the form of a "slug" or cylinder which fits
inside the insulating form on which the coil is
wound. Despite the fact that, with this construc-

tion, the major portion of the magnetic path for
the flux is in the air surrounding the coil, the
slug is quite effective in increasing the coil
inductance. By pushing the slug in and out of the
coil the inductance can be varied over aconsiderable range.
•

INDUCTANCES IN SERIES AND
PARALLEL

When two or more inductance coils (or inductors, as they are frequently called) are connected in series (Fig. 2-14, left) the total indue-

Fig. 2-14— Inductances in series and
parallel.

tance is equal to the sum of the individual
inductances, provided the coils are sufficiently
separated so that no coil is in the magnetic field of
another. That is,
Lto ud = L1 + L2 + L3 + L4 ±
If inductances are connected in parallel ( Fig
2-14, right), the tojtakinductance is
1

Ltotal —

1, 1

-r -r
L2
L3

/. 4

and for two inductances in parallel,
L =

L1L2
L1 ± L2

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

• MUTUAL

INDUCTANCE

If two coils are ail inged with their axes on
the same line, as shun n in Fig. 2-15, a current
sent through Coil 1 will cause a magnetic field
which "cuts" Coil 2. Consequently, an e.m.f.
will be induced in Coil 2 whenever the field
strength is changing. This induced e.m.f. is
similar to the e.m.f. of self-induction, but since
it appears in the second coil because of current
flowing in the first, it is a "mutual" effect and
results from the mutual inductance between
the two coils.
If all the flux set up by one coil cuts all the turns
of the other coil the mutual inductance has its
maximum possible value. If only a small part
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Fig. 2- 15— Mutual inductance. When the switch, S,
is closed current flows through coil No. 1, setting up a
magnetic field that induces an e.m.f. in the turns of coil
No. 2.

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 between the coils. Coils
that have nearly the maximum possible mutual
inductance are said to be closely, or tightly,
coupled, but if the mutual inductance is relatively small the coils a* said to be loosely
coupled. The degree of coupling depends upon
the physical spacing between the coils and how
they are placed with respect to each other.
Maximum coupling exists when they have a
common axis and are as close together as possible
(one wound over the other). The coupling is least
when the coils are far apart or are placed so their
axes are at right angles.
The maximum possible coefficient of coupling is closely approached only when the two
coils are wound on a closed iron core. The coefficient with air-core coils may run as high as
0.6 or 0.7 if one coil is wound over the other,
hut will be much less if the two coils are separated.

Time Constant
Capacitance and Resistance
In Fig. 2-16A a battery having an e.m.f.,
E, a switch, S, a resistor, R, and condenser, C,
are connected in series. Suppose for the moment
that R is short-circuited and that there is no
other resistance in the circuit. If S is now closed,
condenser C will charge instantly to the battery
voltage; that is, the electrons that constitute
the charge redistribute themselves in a time
interval so small that it can be considered to
be zero. For just this instant, therefore, a very
large current flows in the circuit, because all the
electricity needed to charge the condenser has
moved from the battery to the condenser at an
extremely high rate.
When the resistance R is put into the circuit
the condenser no longer can be charged instantaneously. If the battery e.m.f. is 100 volts,
for example, and R is 10 ohms, the maximum current that can flow is 10 amperes, and even this
much can flow only at the instant the switch is
closed. But as soon as any current flows, condenser (' begins to acquire acharge, which means
that the voltage between the condenser plates
rises. Since the upper plate ( in Fig. 2-16A) will be
positive and the lower negative, the voltage on
the condenser tries to send acurrent through the
circuit in the opposite direction to the current
from the battery. Immediately after the switch
is closed, therefore, the current drops below its

initial Ohm's Law value, and as the condenser
continues to acquire charge and its potential or
e.m.f. rises, the current becomes smaller and
smaller.
The length of time required to complete the
charging process depends upon the capacitance
of the condenser and the resistance in the circuit. Theoretically, the charging process is never
really finished, but eventually the current drops
to avalue that is smaller than anything that can
be measured. The time constant of such acircuit
is the length of time, in seconds, required for
the voltage across the condenser to reach 63
per cent of the applied e.m.f. (this figure is
chosen for mathematical reasons). The voltage
across the condenser rises logarithmically, as
shown by Fig. 2-17.
The formula for time constant is
T

CR

where T = Time constant in seconds
C = Capacitance in farads
R = Resistance in ohms
If C is in microfarads and R in megohms, the
time constant also is in seconds. These units
usually are more convenient.
Example: The time constant of a 2-idd. condenser and a250,000-ohm resistor is
T = CR --- 2 X 0.25 = 0.5 second
If the applied edn.f. is 1000 volts, the voltage
across the condenser plates will be 630 volts at
the end of I•¡ second.

(A)

(B)

Fig. 2-16 — Schematics illustrating the time constant of
an RC circuit.

If a charged condenser is discharged through
a resistor, as indicated in Fig. 2-16B, the same
time constant applies. If there were no resistance,
the condenser would discharge instantly when
8 was closed. However, since R limits the current
flow the condenser voltage cannot instantly go
to zero, but it will decrease just as rapidly as
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the current increases the voltage drop across R
becomes larger. The back e.m.f. generated in L
has only to equal the difference between E and
the drop across R, because that difference is
the voltage actually applied to L. This difference
becomes smaller as the current approaches the
final Ohm's Law value. Theoretically, the back
e.m.f. never quite disappears ( that is, the current
never quite reaches the Ohm's Law value)
but practically it becomes unmeasurable after
a time. The difference between the actual current and the Ohm's Law value also becomes
undetectable. The time constant of an inductive
circuit is the time in seconds required for the
current to reach 63 per cent of its final value. The
formula is
T

=

L
—

.40

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

7: 2

° Time
Fig. 2-17 — How the voltage across a condenser rises,
with time, when a condenser is charged through a resistor. The lower curve shows the way in which the
voltage decreases across the condenser terminals on
discharging through the same resistor.

the condenser can rid itself of its charge through
R. When the condenser is discharging through a
resistance, the time constant (calculated in the
same way as above) is the time, in seconds, that
it takes for the condenser to lose 63 per cent of its
voltage; that is, for the voltage to drop to 37
per cent of its initial value.
Example: If the condenser of the example
above is charged to 1000 volts, it will discharge
to 370 volts in 4 second through the 250,000ohm resistor.

Inductance and Resistance
A comparable situation exists when resistance and inductance are in series. In Fig. 2-18,
first consider L to have no resistance and also
assume that R is zero. Then closing S would tend
to send a current through the circuit. However,
the instantaneous transition from no current
to afinite value, however small, represents avery
rapid change in current, and a back e.m.f. is
developed by the self-inductance of L that is
practically equal and opposite to the applied
e.m.f. The result is that the initial current is very
small.
The back e.m.f. depends upon the change
in current and would cease to offer opposition
if the current did not continue to increase. With
no resistance in the circuit (which would lead
to an infinitely-large current, by Ohm's Law)
the current would increase forever, always
growing just fast enough to keep the e.m.f.
of self-induction equal to the applied e.m.f.
When resistance is in series, Ohm's Law sets
a limit to the value that the current can reach.
In such a circuit the current is small at first,
just as in the case without resistance. But as

The resistance of the wire in a coil acts as
though it were in series with the inductance.
Example: A coil having an inductance of 20
henrys and aresistance of 100 ohms has a time
constant of
T

-- —
20 = 0.2 second
ii
100

if there is no other resistance in the circuit. If a
d.c. e.m.f. of 10 volts is applied to such a coil,
the final current, by Ohm's Law, is
E
10
I = —= — = 0.1 amp. or 100 ma.
R
100
The current would rise from zero to 63 millianiperes in 0.2 second after closing the switch.

An inductor cannot be discharged in the
same way as a condenser, because the magnetic field disappears as soon as current flow
ceases. Opening S does not leave the inductor

° Time
Fig. 2-18 — Time constant of an LR circuit.

"charged." The energy stored in the magnetic
field instantly returns to the circuit when S
is opened. The rapid disappearance of the
field causes a very large voltage to be induced
in the coil — ordinarily many times larger than
the voltage applied, because the induced voltage
is proportional to the speed with which the field
changes. The common result of opening the
switch in acircuit such as the one shown is that
aspark or arc forms at the switch contacts at the
instant of opening. If the inductance is large and
the current in the circuit is high, agreat deal of
energy is released in avery short period of time.

ELECTRICAL LAWS AND CIRCUITS
It is not at all unusual for the switch contacts to
burn or melt under such circumstances.
Time constants play an important part in
numerous devices, such as electronic keys, timing
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and control circuits, and shaping of keying characteristics by vacuum tubes. The time constants of
circuits are also important in such applications
as automatic gain control and noise limiters.

Alternating Currents

•PHASE
The term phase essentially means "time," or
the time interval between the instant when one
thing occurs and the instant when a second related thing takes place. When a baseball pitcher
throws the ball to the catcher there is adefinite
interval, represented by the time of flight of the
ball, between the act of throwing and the act
of catching. The throwing and catching are "out
of phase" because they do not occur at exactly
the same time.

Fig. 2-19 — An a.c. cycle is divided off into 360 degrees
that are used as ameasure of time or phase.

Simply saying that two events are out of phase
does not tell us which one occurred first. To give
this information, the later event is said to lag the
earlier, while the one that occurs first is said to
lead. Thus, throwing the ball "leads" the catch,
or the catch "lags" the throw.
In a.c. circuits the current amplitude changes
continuously, so the concept of phase or time
becomes important. Phase can be measured in
the ordinary time units, such as the second, but
there is a more convenient method: Since each
a.c. cycle occupies exactly the same amount of
time as every other cycle of the same frequency,
we can use the cycle itself as the time unit. Using
the cycle as the time unit makes the specification
or measurement of phase independent of the frequency of the current, so long as only one frequency is under consideration at atime. If there
are two or more frequencies, the measurement
of phase has to be modified just as the measurements of two lengths must be reconciled if one
is given in feet and the other in meters.
The time interval or "phase difference" under
consideration usually will be less than one cycle.
Phase difference could be measured in decimal
parts of a cycle, but it is more convenient to divide the cycle into 360 parts or degrees. A phase
degree is therefore 1/360 of acycle. The reason for
this choice is that with sine-wave alternating
current the value of the current at any instant is
proportional to the sine of the angle that corresponds to the number of degrees — that is, length

•
of time — from the instant the cycle began.
There is no actual "angle" associated with an
alternating current. Fig. 2-19 should help make
this method of measurement clear.
Measuring Phase

To compare the phase of two currents of the
same frequency, we measure between corresponding parts of cycles of the two currents. This is
shown in Fig. 2-20. The current labeled A leads
the one marked B by 45 degrees, since A's cycles
begin 45 degrees sooner in time. It is equally correct to say that B lags A by 45 degrees.
Two important special cases are shown in
Fig. 2-21. In the upper drawing B lags 90 degrees behind A; that is, its cycle begins just onequarter cycle later than that of A. When one wave
is passing through zero, the other is just at its
maximum point.
In the lower drawing A and B are 180 degrees
out of phase. In this case it does not matter
which one is to lead or lag. B is always positive
while A is negative, and vice versa. The two
waves are thus completely out of phase.
The waves shown in Figs. 2-20 and 2-21 could
represent current, voltage, or both. A and B
might be two currents in separate circuits, or A
might represent voltage while B represented
current in the same circuit. If A and B represent
two currents in the same circuit (or two voltages
in the same circuit) the total or resultant current
(or voltage) also is a sine wave, because adding
any number of sine waves of the same frequency
always gives a sine wave also of the same frequency.
Phase in Resistive Circuits

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

Fig. 2-20 — 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 II starts 45 degrees (one-eighth
cycle) later than wave A, and so lags 45 degrees behind A.
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Fig. 2-21— Two important special cases of phase difference. In the upper drawing, the phase difference between A and B is 90 degrees; in the lower drawing the
phase difference is 180 degrees.
resistive circuit at radio frequencies, because the
reactive effects become more pronounced as the
frequency is increased.
In a purely resistive circuit, or for purely resistive 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 Condensers

mal way through the circuit, since the condenser
is being charged. Hence the current is positive
during this first quarter cycle, as indicated by the
dashed line in Fig. 2-22.
In the second quarter cycle — that is, in the
time from I) to //, the voltage applied to the condenser decreases. During this time the condenser
loses the charge it acquired during the first quarter cycle. Applying the same reasoning, it is plain
that the current is small in interval DE and continues to increase during each succeeding interval.
However, the current is flowing against the applied voltage because the condenser is discharging
into the circuit. Hence the current is negative during this quarter cycle.
The third and fourth quarter cycles repeat
the events of the first and second, respectively,
with this difference — the polarity of the applied
voltage has reversed, and the current changes
to correspond. In other words, an alternating
current flows "through" a condenser when an a.c.
voltarieis applied to it. (
Actually, current never
flows " through" acondenser. It flows in the associated circuit because of the alternate charging
and discharging of the capacitance.) As shown
by Fig. 2-22, the current starts its cycle 90 degrees before the voltage, so the current in acondenser leads the applied voltage by 90 degrees.
Capacitive Reactance
The amount of charge that is alternately stored
in and released from the condenser is proportional
to the applied voltage and the capacitance. Consequently, the current in the circuit will he proportional to both these quantities, since current
is simply the rate at which charge is moved. The
current also will be proportional to the frequency

Suppose a sine-wave a.c. voltage is applied
to a condenser in a circuit containing no resistance, as indicated in Fig. 2-22. In the period OA,
the applied voltage increases from zero to 38
volts; at the end of this period the condenser is
charged to that voltage. In interval AB the voltage increases to 71 volts; that is, 33 volts ad‘ Current
ditional. In this interval a smaller quantity
of charge has been added than in OA, been iise
/00
Voltage
the voltage rise during interval AB is sum'
Consequently the average current during . 1II
is smaller than during OA. In the third interval, BC, the voltage rises from 71 to 92
volts, an increase of 21 volts. This is less than
the voltage increase during AB, so the quantity of electricity added is less; in other words,
the average current during interval BC is still
smaller. In the fourth interval, CD, the volt/
age increases only 8volts; the charge added
is smaller than in any preceding interval and
Fig. 2-22 — Voltage and current phase Mati.enship, %. hen an
therefore the current also is smaller.
alternating voltage is applied to acondenser.
Thus as the instantaneous value of the applied voltage increases the current decreases.
of the a.c. voltage, because the same charge is
By dividing the first quarter cycle into a very
being moved back and forth at a rate that is
large number of intervals it could be shown that
proportional to the number of cycles per second.
the current charging the condenser has the shape
The fact that the current is proportional to the
of asine wave, just as the applied voltage does.
applied voltage is important, because it is the
The current is largest at the beginning of the
same thing that Ohm's Law says about current
cycle and becomes zero at the maximum value
flow in a resistive circuit. That being the case,
of the voltage ( the condenser cannot be charged
there must be something in the condenser that
to a higher voltage than the maximum applied,
corresponds in a general way to resistance —
so no further current can flow) so there is aphase
something that tends to limit the current that can
difference of 90 degrees between the voltage and
flow when agiven voltage is applied. The "somecurrent. During the first quarter cycle of the
thing" clearly must include the effect of capaciapplied voltage the current is flowing in the nor-
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tance and frequency, since these also affect the
amount of current that flows. It is called reactance, and its relationship to capacitance and
frequency is given by the formula
Xe=

1
27rfC

where Xe = Condenser reactance in ohms
f = Frequency in cycles per second
C
Capacitance in farads
7 = 3.14
Reactance and resistance are not the same
thing, but because they have a similar currentlimiting effect the same unit, the ohm, is used for
both. Unlike resistance, reactance does not consume or dissipate power. The energy stored in the
condenser in one quarter of the cycle is simply returned to the circuit in the next.
The fundamental units (cycles per second,
farads) are too large for practical use in radio
circuits. However, if the capacitance is in microfarads and the frequency is in megacycles, the
reactance will come out in ohms in the formula.
Example: The reactance of a condenser of 470
µodd. (0.00047 gfd.) at a frequency of 7150 ke.
(7.15 Me.) is
X =

1
2.1C

1
6.28 X 7.15 X 0.00047

— 47.4 ohms

Inductive Reactance

when the applied voltage and frequency are fixed,
the value of current required becomes less as the
inductance is made larger, because the induced
e.m.f. also is proportional to inductance.
When the frequency and inductance are constant but the applied e.m.f. is varied, the necessary rate of current change ( to induce the proper
back e.m.f.) can be obtained only if the amplitude of the current is diretly proportional to the
voltage. This is Ohm's Law again, and again the
current-limiting effect is similar to, but not
identical with, the effect of resistance. It is called
inductive reactance and, like capacitive reactance,
is measured in ohms. There is no energy loss in
inductive reactance; the energy is stored in the
magnetic field in one quarter cycle and then
returned to the circuit in the next.
The formula for inductive reactance is
X, = 27fL
where

X

= Inductive reactance in ohms
f = Frequency in cycles per second
L = Inductance in henrys
= 3.14
L

Example: The reactance of a coil having an
inductance of 8 henrys, at a frequency of 120
cycles, is
X L = 2,rfL = 6.28 X 120 X 8 = 6029 ohms

In radio-frequency circuits the inductance
values usually are small and the frequencies are
large. If the inductance is expressed in millihenrys and the frequency in kilocycles, the conversion factors for the two units cancel, and the
formula for reactance may be used without first

When an alternating voltage is applied to a
circuit containing only inductance, with no resistance, the curent always changes just rapidly
enough to induce aback e.m.f. that equals
and opposes the applied voltage. In Fig.
Appbél
2-23, the cycle is again divided off into
vo/taie
equal intervals. Assuming that the current
has amaximum value of 1ampere, the in1.0
I
stantaneous current at the end of each in'rent%
terval will be as shown. The value of the
I I
induced voltage is proportional to the rate
II
at which the current changes. It is therefore
II
greatest in the intervals OA and GH and
least in the intervals CD and DE. The induced voltage actually is asine wave ( if the
s
t
current is a sine wave) as shown by the
dashed curve. The applied voltage, because
1
it is always equal to and opposed by the
•-a
/"\
induced voltage, is equal to and 180 degrees
Induced
out of phase with the induced voltage, as
voltaee
shown by the second dashed curve. The
result, therefore, is that the current flowing Fig. 2-23 — Phase relationships between voltage and current
in an inductance is 90 degrees out of phase when an alternating voltage is applied to an inductance.
with the applied voltage, and lags behind
converting to fundamental units. Similarly, no
the applied voltage. This is just the opposite of
conversion is necessary if the inductance is in
the condenser case.
microhenrys and the frequency is in megacycles.
Since the value of the induced e.m.f. is proportional to the rate at which the current changes,
Example: The reactance of a 15-microhenry
a small current changing rapidly (that is, at a
coil at a frequency of 14 Mc. is
high frequency) can generate a large back e.m.f.
X L = 2rfL = 6.28 X 14 X 15 = 1319 ohms
in agiven inductance just as well as a large curThe resistance of the wire of which the coil is
rent changing slowly (low frequency). Consewound has no effect on the reactance, but simply
quently, the current that flows through a given
acts as though it were a separate resistor coninductance will decrease as the frequency is
nected in series with the coil.
raised, if the applied e.m.f. is held constant. Also,
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Ohm's Law for Reactance

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

where E = E.m.f. in volts
I = Current in amperes
X = Reactance in ohms
The reactance
capacitive.

may

be

either

inductive or

Example: If a current of 2 amperes is flowing
through the condenser of the previous example
(reactance = 47.4 ohms) at 7150 kc., the voltage drop across the condenser is
E = IX = 2 X 47.4 = 94.8 volts
If 400 volts at 120 cycles is applied to the 8henry inductance of the previous example, the
current through the coil will be
E
400
/ = — = — = 0.0663 amp. (66.3 ma.)
X
6029

When the circuit consists of an inductance in
series with acapacitance, the same current flows
through both reactances. However, the voltage
across the coil leads the current by 90 degrees,
and the voltage across the condenser lags behind
the current by 90 degrees. The coil and condenser
voltages therefore are 180 degrees out of phase.
A simple circuit of this type is shown in Fig.
2-24. The same figure also shows the current
(heavy line) and the voltage drops across the
inductance (
EL) and capacitance ( E0 ). It is
assumed that XL is larger than Xc and so has a
larger voltage drop. Since the two voltages are
completely out of phase the total voltage (that is,
the applied voltage EAc) is equal to the difference
between them. This is shown in the drawing as
EL — Ec. Notice that, because EL is larger than
Ec, the resultant voltage is exactly in phase with
EL. In other words, the circuit as awhole simply
acts as though it were an inductance — an inductance of smaller value than the actual inductance
present, since the effect of the actual inductive
reactance is reduced by the capacitive reactance
in series with it. If Xe is larger than XL, the arrangement will behave like acapacitance — again
of smaller reactance than the actual capacitive
reactance present in the circuit.
The "equivalent" or total reactance of any
circuit containing inductive and capacitive reactances in series is equal to XL — Xe .If there
are several coils and condensers in series, simply
add up all the inductive reactances, then add up
all the capacitive reactances, and then subtract
the latter from the former. It is customary to call
inductive reactance "positive" arid capacitive
reactance "negative." If the equivalent or net reactance is positive, the voltage leads the current
by 90 degrees; if the net reactance is negative,
the voltage lags the current by 90 degrees.

Fig. 2- 21— Current and voltages in a circuit having
inducti% c and capacitive reactances in series.
Reactive Power
In Fig. 2-24 the voltage drop across the coil is
larger than the voltage applied to the circuit.
This might seem to be an impossible condition,
but it is not; the explanation is that while energy
is being stored in the coil's magnetic field, energy
is being returned to the circuit from the condenser's electric field, and vice versa. This stored
energy is responsible for the fact that the voltages
across reactances in series can be larger than the
voltage applied to them.
In aresistance the flow of current causes heating and apower loss equal to PR. The power in a
reactance is equal to PX, but is not a "loss";
it is simply power that is transferred back and
forth between the field and the circuit but not
used up in heating anything. To distinguish this
"nondissirated" power from the power which is
actually consumed, the unit of reactive power is
called the volt-ampere instead of the watt. Reactive power is sometimes called "wattless"
power.

•IMPEDANCE
The fact that resistance, inductive reactance
and capacitive reactance all are measured in
ohms does not indicate that they can be combined
indiscriminately. Voltage and current are in
phase in resistance, but differ in phase by aquarter cycle in reactance. In the simple circuit shown

R•75 ohms

100(X)
Xed00 ohms

75(R)
Fig. 2-25— Resistance

nected in series.

and inductive reactance con-
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in Fig. 2-25, for example, it is not possible simply
to add the resistance and reactance together to
obtain a quantity that will indicate the opposition offered by the combination to the flow of current. Inasmuch as both resistance and reactance
are present, the total effect can obviously be
neither wholly one nor the other. In circuits containing both reactance and resistance the opposition effect is called impedance (
Z). The unit of
impedance is also the ohm.
The term " impedance" also is generalized to
include any quantity that can be expressed as a
ratio of voltage to current. Pure resistance and
pure reactance are both included in "impedance"
in this sense. A circuit with resistive impedance
is one with either resistance alone or one in
which the effects of any reactance present have
been eliminated. Similarly, areactive impedance
is one having reactance only. A complex impedance is one in which both resistance and reactance
effects are observable.
It can be shown that resistance and reactance
can be combined in the same way that a rightangled triangle is constructed, if the resistance
is laid off to proper scale as the base of the triangle and the reactance is laid off as the altitude
to the same scale. This is also indicated in Fig.
2-25. When this is done the hypotenuse of the
triangle represents the impedance of the circuit.

Hence if either X or R is at least 10 times as large
as the other, the error in assuming that the impedance is equal to the larger of the two will not
exceed ! of 1per cent, which is usually negligible.
Since one of the components of impedance is
reactance, and since the reactance of agiven coil
or condenser changes with the applied frequency,
impedance also changes with frequency. The
change in impedance as the frequency is changed
may be very slow if the resistance is considerably
larger than the reactance. However, if the impedance is mostly reactance achange in frequency
will cause the impedance to change practically
as rapidly as the reactance itself changes.
Ohm's Law for Impedance
Ohm's Law can be applied to circuits containing impedance just as readily as to circuits having
resistance or reactance only. The formulas are
I =

E = IZ
E
Z = —
I
where E = E.m.f. in volts
I = Current in amperes
Z = Impedance in ohms
Example: Assume that the e.m.f. applied to
the circuit of Fig. 2-25 is 250 volts. Then

Fig. 2-26 — Re-

,

/

sistance and capacitive reactanee in series.

Xc

The same current is flowing in both R and X L,
and Ohm's Law as applied to either of these
quantities says that the voltage drop across R
should equal IR and the voltage drop across Xi,
should equal / X L. Substituting.

to the same scale, and the angle between Z and R
(usually called Oand so indicated in the drawing)
is equal to the phase angle between the applied
e.m.f. and the current. By geometry,
Z =

ER = IR = 2 X 75 = 150 volts
Ex L = IX,,= 2 X 100 = 200 volts
The arithmetical suni of these voltages is greater
than the applied voltage. However, the actual
sum of the two when the phase relationship is
taken into account is equal to 250 volts r.m.s., as
shown by Fig. 2-27, where the instantaneous
values are added throughout the cycle. Whenever resistance and reactance are in series, the

VR2 ± X2

In the case shown in the drawing,
Z =

N/(75) 2 ( 100) 2 = V15,625 = 125 ohms.

The phase angle can be found from simple trigonometry. Its tangent is equal to X/R; in this
case X /R = 100/75 = 1.33. From trigonometric
tables it can be determined that the angle having
a tangent equal to 1.33 is approximately 53 degrees. In ordinary amateur work it is seldom
necessary to give much consideration to the phase
angle.
A circuit containing resistance and capacitance
in series ( Fig. 2-26) can be treated in the same
way. The difference is that in this case the current
leads the applied e.m.f., while in the resistanceinductance case it lags behind the voltage.
If either X or R is small compared with the
other (say 1/10 or less) the impedance is very
nearly equal to the larger of the two quantities.
For example, if R = 1ohm and X = 10 ohms,
z =

V R 2 ± ,x2

=

(1)
-2 ± ( 10) 2

= V101 =

10.05 ohms.

E
250
- - 2 amperes.
Z
125

+40 r
APPLIED VOLTAGE
+30

ER
1
I •

E
-

—

.

- --/—

)
)
)
-40 I

Fig. 2-27 — Voltage drops around the circuit of Fig.
2-25. Iecause of the phase relationships, the applied
voltage is less than the arithmetical sum of the drops
across he resistor and inductor.
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individual voltage drops always add up, arithmetically, to more than the applied voltage.
There is nothing fictitious about these voltage
drops; they can be measured readily by suitable
instruments. It is simply an illustration of the
importance of phase in a.c. circuits.

A more complex series circuit, containing resistance, inductive reactance and capacitive reactance, is shown in Fig. 2-28. In this case it is
necessary to take into account the fact that the
phase angles between current and voltage differ

R2 + ( XL- Xd 2

Fig. 2-28 — Resistance, inductive reactance,
pacitive reactance in series.

and ca-

in all three elements. Since it is a series circuit,
the current is the same throughout. Considering
first just the inductance and capacitance and
neglecting the resistance, the net reactance is

The currents through the various branches
will be as shown in Fig. 2-30, assuming for purposes of illustration that XLis smaller than Xc
and that Xc is smaller than R, thus making IL
larger than /c, and / c larger than IR. The current through C leads the voltage by 90 degrees
and the current through L lags the voltage by 90
degrees, so these two currents are 180 degrees
out of phase. As shown at E, the total reactive
current is the difference between /cand /L. This
resultant current lags the voltage by 90 degrees,
because ILis larger than /c. When the reactive
current is added to Iii, the total current, I, is as
shown at F. It can be seen that Ilags the applied
voltage by an angle smaller than 90 degrees and
that the total current, while less than the simple
sum ( neglecting phase) of the three branch currents, is larger than the current through R alone.
The impedance looking into the parallel circuit
from the source of voltage is equal to the applied
EA

(Al

XL — Xc -= 150 — 50 = 100 ohms ( inductive)
Thus the impedance of a circuit containing resistance, inductance and capacitance in series is

(B)

Z = VR 2 + (
XL — Xe) 2
Example: In the circuit of Fig. 2-28, the impedance is
= N/R 2 ±

( XL—

Xc) 2

(C)

= V(20) 2 + ( 150 — 50) 2 = V(20) 2 ( 100) 2
= V10,400 = 102 ohms
The phase angle can be found from X/R, where
X = Xi. —

Parallel Circuits
Suppose that aresistor, condenser and coil are
connected in parallel as shown in Fig. 2-29 and
an a.c. voltage is applied to the combination. In
any one branch, the current will be unchanged
if one or both of the other two branches is disconnected, so long as the applied voltage remains unchanged. Hence the current in each
branch can be calculated quite simply by the
Ohm's Law formulas given in the preceding
sections. The total current, I, is the sum of the
currents through all three branches— not the
arithmetical sum, but the sum when phase is
taken into account.

Fig. 2-29 — Resistance, inductance and capacitance in
parallel. Instruments connected as shown will read the
total current, I, and the individual currents in the three
branches of the circuit.

(D)

(F)

Fig. 2-30 — Phase rela ionships between branch currents and applied voltage for the circuit of Fig. 2-29.
The total current through L and C in parallel (
I
L+ /c)
and the total current in the entire circuit (
I) also are
shown.

voltage divided by the total or line current, I.
In the case illustrated, I is greater than IR ,so
the impedance of the circuit is less than the resistance of R. How much less depends upon the
net reactive current flowing through L and C in
parallel. If XLand Xc are very nearly equal the
net reactive current will be quite small because
it is equal to the difference between two nearly
equal currents. In such a case the impedance of
the circuit will be almost the same as the resistance of R alone. On the other hand, if XLand
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Xc are quite different the net reactive current
can be relatively large and the total current also
will be appreciably larger than
In such a
case the circuit impedance will be lower than the
resistance of R alone.
Power Factor
In the circuit of Fig. 2-25 an applied e.m.f.
of 250 volts results in a current of 2 amperes.
If the circuit were purely resistive (containing
no reactance) this would mean a power dissipation of 250 X 2 = 500 watts. However, the circuit actually consists of resistance and reactance,
and only the resistance consumes power. The
power in the resistance is
P = I2R = (
2) 2 X 75 = 300 watts
The ratio of the power consumed to the apparent
power is called the power factor of the circuit,
and in the case used as an example would be
300/500 = 0.6. Power factor is frequently expressed as a percentage; in this case, the power
factor would be 60 per cent.
"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 cent or 1, while the
power factor of a pure reactance is zero. In this
illustration, the reactive power is
VA (
volt-amperes) = / 2X = (2) 2 X 100
= 400 volt-amperes.
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Complex Waves
It was pointed out early in this chapter that a
complex wave (a "nonsinusoidal" wave) can be
resolved into a fundamental frequency and a
series of harmonic frequencies. When such acomplex voltage wave is applied to acircuit containing reactance, the current through the circuit will
not have the same waveshape as the applied
voltage. This is because the reactance of a coil
and condenser depend upon the applied frequency. For the second-harmonic component of a
complex wave, the reactance of the coil is twice
and the reactance of the condenser one-half their
values at the fundamental frequency; for the
third harmonic the coil reactance is three times
and the condenser reactance one-third, and so on.
Just what happens to the current waveshape
depends upon the values of resistance and reactance involved and how the circuit is arranged.
In asimple circuit with resistance and inductive
reactance in series, the amplitudes of the harmonics will be reduced because the inductive
reactance increases in proportion to frequency.
When a condenser and resistance are in series,
the harmonic current is likely to be accentuated
because the condenser reactance becomes lower
as the frequency is raised. When both inductive
and capacitive reactance are present the shape
of the current wave can be altered in a variety
of ways, depending upon the circuit and the
"constants," or values of L,C and R, selected.
This property of nonuniform behavior with
respect to fundamental and harmonics is an extremely useful one. It is the basis of "filtering,"
or the suppression of undesired frequencies in
favor of a single desired frequency or group of
such frequencies.

Transformers
of turns may be used to induce a given value of
Two coils having mutual inductance constitute
voltage with asmall current. A closed core (
one
a transformer. The coil connected to the source
having acontinuous magnetic path) such as that
of energy is called the primary coil, and the other
shown in Fig. 2-31 also tends to insure that pracis called the secondary coil.
tically all of the field set up by the current in the
The usefulness of the transformer lies in the
primary coil will cut the turns of the secondary
fact that electrical energy can be transferred
coil. However, the core introduces a power loss
from one circuit to another without direct conbecause of hysteresis and eddy currents so this
nection, and in the process can be readily changed
type of construction is practicable only at power
from one voltage level to another. Thus, if adeand audio frequencies. The discussion in this secvice to be operated requires, for example, 115
volts and only a 440-volt source is available, a tion is confined to transformers operating at such
frequencies.
transformer can be used to change the source
voltage to that required. A transformer can be
used only with a.c., since no voltage will be induced in the secondary if the magnetic field is not
changing. If d.c. is applied to the primary of a
transformer, a voltage will be induced in the
secondary only at the instant of closing or opening the primary circuit, since it is only at these
times that the field is changing.
The Iron- Core Transformer
As shown in Fig. 2-31, the primary and secondary coils of atransformer may be wound on acore
of magnetic material. This increases the inductance of the coils so that arelatively small number

3
1C

SYMBOLS
Fig. 2-31— The transformer. Power is transferred from
the primary coil to the secondary by means of the magnetic field. The upper symbol at right indicates an ironcore transformer, the lower one an air-core transformer.
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Voltage and Turns Ratio

For agiven varying magnetic field, the voltage
induced in acoil in the field will be proportional
to the number of turns on the coil. If the two
coils of atransformer are in the same field ( which
is the case when both are wound on the same
closed core) it follows that the induced voltages
will be proportional to the number of turns on
each coil. In the primary the induced voltage is
practically equal to, and opposes, the applied
voltage. Hence,
E. = l
e
°Ep
n„
where E. ----=
n„ =
np =

Secondary voltage
Primary applied voltage
Number of turns on secondary
Number of turns on primary

The ratio na/np is called the turns ratio of the
transformer.
Example: A transformer has a primary of 400
turns and a secondary of 2800 turns, and 115
volts is applied to the primary. The secondary
voltage will be
na
= — Ep

flp

2800
= — X 115 = 7 X 115
400
= 805 volts

Also, if 805 volts is applied to the 2800- turn
winding (which 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 inductance) to induce a
voltage equal to the applied voltage without
requiring an excessive current flow

Effect of Secondary Current
The current that flows in the primary when no
current is taken from the secondary is called the
magnetizing current of the transformer. In any
properly-designed transformer the primary inductance will be so large that the magnetizing
current will be quite small. The power consumed
by the transformer when the secondary is "open"
— that is, not delivering power — is only the
amount necessary to supply the losses in the iron
core and in the resistance of the wire of which the
primary is wound.
When power is taken from the secondary winding, the secondary current sets up a magnetic
field that opposes the field set up by the primary
current. But if the induced voltage in the primary
is to equal the applied voltage, the original field
must be maintained. Consequently, the primary
must draw enough additional current to set up a
field exactly equal and opposite to the field set up
by the secondary current.
In practical calculations on transformers it may
be assumed that the entire primary current is
caused by the secondary "load." This is justifiable
because the magnetizing current should be very
small in comparison.
If the magnetic fields set up by the primary
and secondary currents are to be equal, the
primary current multiplied by the primary turns

must equal the secondary current multiplied by
the secondary turns. From this it follows that

I, =
where I, =
=
np =
n, =

ni,

Primary current
Secondary current
Number of turns on primary
Number of turns on secondary

Example: Suppose that the secondary of the
transformer in the previous example is delivering a current of 0.2 ampere to a load. Then the
primary current will be
n
2800
ip = — I. = — X 0.2 = 7 X 0.2 = 1.4 amp.
np
400
Although the secondary voltage is higher than
the primary voltage, the secondary current is
lower than the primary current, and by the same
ratio.

Power Relationships; Efficiency
A transformer cannot create power; it can only
transfer and transform it. Hence, the power
taken from the secondary cannot exceed that
taken by the primary from the source of applied
e.m.f. There is always some power loss in the
resistance of the coils and in the iron core, so in all
practical cases the power taken from the source
will exceed that taken from the secondary. Thus,
Po = nP i
where P. = Power output from secondary
Pi = Power input to primary
n = Efficiency factor
The efficiency, n, always is less than L It is usually expressed as a percentage; if n is 0.65, for
instance, the efficiency is 65 per cent.
Example: A transformer has an efficiency of
85% at its full-load output of 150 watts. The
power input to the primary at full secondary
load will be
p
Pi = P
—
= 150
— = 176.5 watts
n
0.85

A transformer is usually designed to have its
highest efficiency at the power output for which
it is rated. The efficiency decreases with either
lower or higher outputs. On the other hand, the
losses in the transformer are relatively small at
low output but increase as more power is taken.
The amount of power that the transformer can
handle is determined by its own losses, because
these heat the wire and core and raise the operating temperature. There is alimit to the temperature rise that can be tolerated, because too-high

Fig. 2-32 — The equivalent circuit of a transformer includes the effects of leakage inductance and resistance of
both primary and secondary windings. The resistance
lic is an equivalent resistance representing the constant
core losses. Since these are comparatively small, their effect may be neglected in many approximate calculations.
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temperature either will melt the wire or cause
the insulation to break down. A transformer always can be operated at reduced output, even
though the efficiency is low, because the actual
loss also will be low under such conditions.
The full-load efficiency of small power transformers 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 magnetic 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; consequently, there are small amounts of leakage inductance associated with both windings of the
transformer. Leakage inductance acts in exactly
the same way as an equivalent amount of ordinary inductance inserted in series Mith the circuit.
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 avoltage drop. This voltage drop increases
with increasing current, hence it increases as more
power is taken from the secondary. Thus, the
greater the secondary current, the smaller the
secondary terminal voltage becomes. The resistances of the transformer windings also cause
voltage drops when current is flowing; although
these voltage drops are not in phase with those
caused by leakage reactance, together they result
in a lower secondary voltage under load than is
indicated by the turns ratio of the transformer.
At power frequencies (60 cycles) the voltage at
the secondary, with a reasonably well-designed
transformer, should not drop more than about 10
per cent from open-circuit conditions to full load.
The drop in voltage may be considerably more
than this in atransformer operating at audio frequencies because the leakage reactance increases
directly with the frequency.
Impedance Ratio
In an ideal transformer — one without losses
or leakage reactance — the following relationship
is true:
Z„ = Z.N 2
where Zi,= Impedance looking into primary terminals from source of power
= Impedance of load connected to
secondary
N = Turns ratio, primary to secondary
That is, a load of any given impedance connected to the secondary of the transformer will be
transformed to a different value " looking into"
the primary from the source of power. The impedance transformation is proportional to the
square of the primary-to-secondary turns ratio.

Example: A transformer has a primary-tosecondary turns ratio of 0.6 (primary has 6/10
as many turns as the secondary) and a load of
3000 ohms is connected to the secondary. The
impedance looking into the primary then will be
= Z.N 2 = 3000 X (0.6) 2 = 3000 X 0.36
= 1080 ohms

By choosing the proper turns ratio, the impedance of afixed load can be transformed to any
desired value, within practical limits. The transformed or "reflected" impedance has the same
phase angle as the actual load impedance; thus
if the load is apure resistance the load presented
by the primary to the source of power also will be
apure resistance.
The above relationship may be used in practical work even though it is based on an " ideal"
transformer. Aside from the normal design requirements of reasonably low internal losses and
low leakage reactance, the only requirement is
that the primary have enough inductance to
operate with low magnetizing current at the
voltage applied to the primary.
The primary impedance of a transformer —
as it looks to the source of power — is determined
wholly by the load connected to the secondary
and by the turns ratio. If the characteristics of
the transformer have an appreciable effect on
the impedance presented to the power source,
the transformer is either poorly designed or is
not suited to the voltage at which it is being used.
Most transformers will operate quite well at
voltages from slightly above to well below the
design figure.
Impedance Matching
Many devices require a specific value of load
resistance (or impedance) for optimum operation.
The impedance of the actual load that is to
dissipate the power may differ widely from this
value, so a transformer is used to transform the
actual load into an impedance of the desired
value. This is called impedance matching. From
the preceding,
N =
Zp

where N = Required turns ratio, secondary to
primary
Z„ = Impedance of load connected to secondary
= Impedance required
Example: A vacuum-tube a.f, amplifier requires a load of 5000 ohms for optimum performance, and is to be connected to a loudspeaker having an impedance of 10 ohms. The
turns ratio, secondary to primary, required in
the coupling transformer is
N

= = .\ 1 10 =
U,,
5000

1
500

=

1
22.4

The primary therefore must have 22.4 times as
many turns as the secondary.

Impedance matching means, in general, adjusting the load impedance — by means of a
transformer or otherwise — to a desired value.
However, there is also another meaning. It is
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possible to show that any source of power will
have its maximum possible output when the
impedance of the load is equal to the internal
impedance of the source. The impedance of the
source is said to be "matched" under this condition. The efficiency is only 50 per cent in such
acase; just as much power is used up in the source
as is delivered to the load. Because of the poor
efficiency, this type of impedance matching is
limited to cases where only a small amount of
power is available.
Transformer Conairuction
•
Transformers usually are designed so that
the magnetic path around the core is as short as
possible. A short magnetic path means that the
transformer will operate with fewer turns, for a
given applied voltage, than if the path were long.
It also helps to reduce flux leakage and therefore
minimizes leakage reactance. The number of
turns required also is inversely proportional to
the cross-sectional area of the core.

LAMINATION SHAPE

SHELL TYRE

silicon steel, called "transformer iron." The core
is built up of laminations, insulated from each
other ( by athin coating of shellac, for example)
to prevent the flow of eddy currents. The laminations overlap at the ends to make the magnetic
path as continuous as possible and thus reduce
flux leakage.
Irait Core

tine

Load

Fig. 2-34 — 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 directions, so that
the resultant current is the
difference between them.
The voltage across A is proportional to the turns ratio.

The number of turns required on the primary
for a given applied e.m.f. is determined by the
size, shape and type of core material used, and
the frequency. As a rough indication, windings
of small power transformers frequently have
about six to eight turns per volt on a core of 1square-inch cross section and have a magnetic
path 10 or 12 inches in length. A longer path or
smaller cross section requires more turns per volt,
and vice versa.
In most transformers the coils are wound in
layers, with a thin sheet of paper insulation between each layer. Thicker insulation is used between coils and between coils and core.
Au totransformers

CORE TYPE

Fig. 2-33 — Two common types of transformer construction. Core pieces are interleaved to provide a continuous magnetic path with as low reluctance as possible.
Two core shapes are in common use, as shown
in Fig. 2-33. In the shell type both windings are
placed on the inner leg, while in the core type
the primary and secondary windings may be
placed on separate legs, if desired. This is sometimes done when it is necessary to minimize
capacity effects between the primary and secondary, or when one of the windings must operate
at very high voltage.
Core material for small transformers is usually

•RESONANCE

The transformer principle can be utilized with
only one winding instead of two, as shown in
Fig. 2-34; the principles just discussed apply
equally well. A one-winding transformer is called
an autotransformer. The current in the common
section (A) of the winding is the difference between the line (primary) and the load (secondary)
currents, since these currents are out of phase.
Hence if the line and load currents are nearly
equal the common section of the winding may be
wound with comparatively small wire. This will
be the case 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.

Radio-Frequency Circuits

Fig. 2-35 shows a resistor, condenser and coil
connected in series with a source of alternating
current, the frequency of which can be varied
over a wide range. At some /
ow frequency the
condenser reactance will be much larger than the
resistance of R, and the inductive reactance will
be small compared with either the reactance of C
or the resistance of R. ( R is assumed to be the
same at all frequencies.) On the other hand, at
some very high frequency the reactance of C will
be very small and the reactance of L will be very

large. In either case the current will be small,
because the reactance is large at either low or
high frequencies.
At some intermediate frequency, the reactances
of C and L will be equal and the voltage drops
across the coil and condenser will be equal and
180 degrees out of phase. Therefore they cancel
each other completely and the current flow is
determined wholly by the resistance, R. At that
frequency the current has its largest possible
value, assuming the source voltage to be constant
regardless of frequency. A series circuit in which
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the inductive and capacitive reactances are equal
is said to be resonant.
Although resonance can occur at any frequency, it finds its most extensive application in
radio-frequency circuits. The reactive effects
associated with even small inductances and capacitances would place drastic limitations on r.f.
circuit operation if it were not possible to "cancel
them out" by supplying the right amount of reactance of the opposite kind — in other words,
"tuning the circuit to resonance."

1.0

0.8

R=20

Resonant Frequency
The frequency at which a series circuit is
resonant is that for which X 1,= X. Substituting the formulas for inductive and capacitive
reactance gives

—2trY

LC

where f = Frequency in cycles per second
L = Inductance in henrys
C' = Capacitance in farads
=- 3.14
These units are inconveniently large for radiofrequency circuits. A formula using more appropriate units is
10 6
1

where f =
L =
C -=
r =

— 211-‘,/ LC
f
Frequency in kilocycles ( kc.)
Inductance in microhenrys (ish.)
Capacitance
in
micromicrofarads
(meifd.)
3.14

Example: The resonant frequency of aseries
circuit containing a5-µh, coil and a35-imfd.
condenser is
104

104

2x VLC
6.28 X 1/5 X 35
104
los
— — 12,050 kc.
6.28 X 13.2
83
The formula for resonant frequency
affected by the resistance in the circuit.

is not

Resonance Curves
If aplot is drawn of the current flowing in the
circuit of Fig. 2-35 as the frequency is varied
(the applied voltage being constant) it would
look like one of the curves in Fig. 2-36. The shape
of the resonance curve at frequencies near resonance is determined by the ratio of reactance to
resistance at the particular frequency considered.

o
(AC

o

woo
Fig. 2.35 — A series circuit containing L, C and R is
"resonant" at the applied frequency when the reactance
of Cis equal to the reactance of L.

R=50

o

R=100

—20 — 10
0
+ 10 + 20
PER CENT CHANGE FROM RESONANT FREQUENCY
Fig. 2-36 — Current in a series-resonant circuit with
various values of series resistance. The values are arbitrary and would not apply to all circuits, but represent a
typical case. It is assumed that the reactances (at the
resonant frequency) are 1000 ohms (minimum Q = 10).
Note that at frequencies at least plus or minus ten per
cent away from the resonant frequency the current is
substantially unaffected by the resistance in the circuit.
If the reactance of either the coil or condenser is
of the same order of magnitude as the resistance,
the current decreases rather slowly as the frequency is moved in either direction away from
resonance. Such a curve is said to be broad. On
the other hand, if the reactance is considerably
larger than the resistance the current decreases
rapidly as the frequency moves away from
resonance and the circuit is said to be sharp. A
sharp circuit will respond agreat deal more readily to the resonant frequency than to frequencies
quite close to resonance; a broad circuit will
respond almost equally well to a group or band
of frequencies centering around the resonant
frequency.
Both types of resonance curves are useful. A
sharp circuit gives good selectivity — the ability
to respond strongly (in terms of current amplitude) at one desired frequency and discriminate
against others. A broad circuit is used when the
apparatus must give about the same response
over aband of frequencies rather than to asingle
frequency alone.

Most diagrams of resonant circuits show only
inductance and capacitance; no resistance is indicated. Nevertheless, resistance is always present.
At frequencies up to perhaps 30 Mc. this resistance is mostly in the wire of the coil. Above this
frequency energy loss in the condenser (principally in the solid dielectric which must be used to
form an insulating support for the condenser
plates) becomes appreciable. This energy loss is
equivalent to resistance. When maximum sharpness or selectivity is needed the object of design
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is to reduce the inherent resistance to the lowest
possible value.
The value of the reactance of either the coil or
condenser at the resonant frequency, divided by
the resistance in the circuit, is called the Q
(quality factor) of the circuit, or
X

Q =

where Q = Quality factor
X -= Reactance of either coil or condenser,
in ohms
R
Resistance in ohms
Example: The coil and condenser in a series
circuit each have a reactance of 350 ohms at the
resonant frequency. The resistance is 5 ohms.
Then the Q is

Q=

X
— =—
350 = 70
5

The effect of Q on the sharpness of resonance
of a circuit is shown by the curves of Fig. 2-37.
In these curves the frequency change is shown
in percentage above and below the resonant
frequency. Qs of 10, 20, :z.0 and 100 are shown;
these values cover much of the range commonly
used in radio work.

When a voltage of the resonant frequency is
inserted in series in a resonant circuit, the voltage that appears across either the coil or condenser is considerably higher than the applied
voltage. The current in the circuit is limited only
by the actual resistance of the coiond
l-cense.r
combination in the circuit and may have a relatively high value; however, the same current
1.0

Q=10

0.6
ce

t.lj 0.4

s.

Q=.50
cc 0.2

o

Q=100

-20

- 10

0

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

Parallel Resonance
When a vari, iIi-frequency source of constant
voltage is applied to aparallel circuit of the type
shown in Fig. 2-38 there is a resonance effect

Fig.

Voltage Rise

0.8

flows through the high reactances of the coil and
condenser and causes large voltage drops. The
ratio of the reactive voltage to the applied voltage
is equal to the ratio of reactance to resistance.
This rat iois t
he Q of the circuit. Therefore, the
voltage : uii
ei I
her the coil or condenser is equal
to Q times the voltage inserted in series with the
circuit.

+10

+ 20

PER CENT CHANGE FROM RESONANT
FREQUENCY
Fig. 2-37 — 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 lower the Q, the
more slowly the current decreases as the applied frequency is moved away from resonance.

2-38 — Circuit illustrating
parallel
resonance.

similar to that naseries circuit. However, in this
case the current ( measured at the point indicated)
is smallest at the frequency for which the coil and
condenser reactances are equal. At that frequency
the current through L is exactly canceled by the
out-of-phase current through C, so that only the
current taken by R flows in the line. At frequencies below resonance the current through L is
larger than that through C, because the reactance
of L is smaller and that of C higher at low frequencies; there is only partial cancellation of the
two reactive currents and the line current therefore is larger than the current taken by R alone.
At frequencies above resonance the situation is
reversed and more current flows through C
than through L, so the line current again increases. The current at resonance, being determined wholly by R, will be small if R is large and
large if I? is small.
The resistance I? shown in Fig. 2-38 seldom
is an actual resistor. In most cases it will be an
"equivalent" resistance that represents the actual energy lo ffl in the circuit. This loss can be inherent in the coil or condenser, or may represent
energy transferred to a load by means of the
resonant circuit. ( For example, the resonant
circuit may be used for transferring power from
a vacuum- tube amplifier to an antenna system.)
Parallel and series resonant circuits are quite
alike in some respects. For instance, the circuits
given at A and It in Fig. 2-39 will behave identically, when an external voltage is applied, if ( 1)
L and C are the same in both cases; and (2) Rp
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multiplied by it, equals the square of the reactance (at resonance) of either L or C. When these
conditions are met the two circuits will have the
same Qs. (These statements are approximate, but
are quite accurate if the Q is 10 or more.) The circuit at A is aseries circuit if it is viewed from the
"inside" — that is, going around the loop
formed by L, C and R — so its Q can be found
from the ratio of X to R.
Thus a circuit like that of Fig. 2-39A has an
equivalent parallel impedance (at resonance)
equal to R5,the relationship between R. and R„
being as explained above. Although R,, is not
an actual resistor, to the source of voltage the
parallel-resonant circuit " looks like" a pure
resistance of that value. It is " pure" resistance
because the coil and condenser currents are 180
degrees out of phase and are equal; thus there
is no reactive current in the line. At the resonant
frequency the parallel impedance of a resonant
circuit is
Zr=QX

1.0

1

0.8

„,.(1 = 100

Q=50

Q=10
-20 - 10
0
+ 10 + 20
PER CENT CHANGE FROM RESONANT FREQUENCY

where Z, = Resistive impedance at resonance
Q = Quality factor
X = Reactance (in ohms) of either the
coil or condenser

Fig. 2-40— Relative impedance of parallel-resonant
circuits mith different Qs. These curves are similar to
those in Fig. 2-37 for current in aseries-resonant circuit.
The effect of Q on impedance is most marked near the
resonant frequency.

Example: The parallel impedance of acircuit
having aQof 50 and having inductive and capacitive reactances of 300 ohms will be
Z, =QX = 50 X 300 = 15,000 ohms.

Since either condition could be called "resonance," it is clear that for low-Q circuits it becomes necessary to distinguish between maximum
impedance and resistive impedance parallel resonance. The difference in tuning is appreciable
when the Q is in the vicinity of 5, and becomes
more marked with still lower Q values.

At frequencies off resonance the impedance
is no longer purely resistive because the coil
and condenser currents are not equal. The offresonant impedance therefore is complex, and

(A)

(B)

Fig. 2-39 — Series
and parallel equivalents when the
two circuits are
resonant. The
series resistor, 11„
in A can be replaced by an
equivalent parallel
resistor, 11 5,in B,
and vice versa.

is lower than the resonant impedance for the
reasons previously outlined.
The higher the Q of the circuit, the higher the
parallel impedance. Curves showing the variation of impedance (with frequency) of a parallel
circuit have just the same shape as the curves
showing the variation of current with frequency
in aseries circuit. Fig. 2-40 is aset of such curves.

Q of Loaded Circuits
In many applications of resonant circuits the
only power lost is that dissipated in the resistance
of the circuit itself. At frequencies below 30 Mc.
most of this resistance is in the coil. Within
limits, increasing the number of turns on the
coil increases the reactance faster than it raises
the resistance, so coils for circuits in which the
Q must be high may have reactances of 1000
ohms or more at the frequency under consideration.
Ho ‘Never, when the circuit delivers energy to
a load (as in the case of the resonant circuits
used in transmitters) the energy consumed in
the circuit itself is usually negligible compared
with that consumed by the load. The equivalent
of such a circuit is shown in Fig. 2-4IA, where
the parallel resistor represents the load to which
power is delivered. If the power dissipated in the

Parallel Resonance in Low- Q Circuits
The preceding discussion is accurate only for
Qs of 10 or more. In acircuit such as Fig. 2-39A,
where resistance is present in series, there is a
set of values for L and C that will make the
parallel impedance a pure resistance, but the
impedance does not have its maximum possible
value. For maximum impedance it is necessary
to use adifferent value for either L or C, but the
maximum possible parallel impedance is not a
pure resistance.

(A)

(B)

Fig. 2-41— The equivalent circuit of a resonant circuit delivering power to aload. The resistor Rrepresents
the load resistance. At B the load is tapped across
part of L, which by transformer action is equivalent to
using ahigher load resistance across the whole circuit.
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load is at least ten times as great as the power
lost in the coil and condenser, the parallel impedance of the resonant circuit itself will be so
high compared with the resistance of the load
that for all practical purposes the impedance of
the combined circuit is equal to the load resistance. Under these conditions the Q of aparallelresonant circuit loaded by aresistive impedance is
Q

=

where Q = Quality factor
Z = Parallel load resistance (ohms)
X = Reactance (ohms) of either the coil
or condenser
Example: A resistive load of 3000 ohms is connected across a resonant circuit in which the inductive and capacitive reactances are each 250
ohms. The circuit Q is then
Z
=

3000
= 250

Impedance Transformation
Parallel-resonant circuits are used in connection with vacuum-tube amplifiers, as described
in the chapter on vacuum tubes, and it is frequently the case that the load into which the
tube is to deliver power is much lower than the
load resistance required for proper tube operation.
The effect of agiven load resistance on the parallel impedance can be changed by connecting
the load across only part of the circuit. One
method is to tap the load across part of the
coil, as shown in Fig. 2-41B. Tapping the load
"down" is equivalent to connecting a higher
value of load resistance across the whole circuit.
This is similar in principle to impedance transformation with an iron-core transformer. In highfrequency resonant circuits the impedance ratio
does not vary exactly as the square of the turns
ratio, because all the magnetic flux lines do not
cut every turn of the coil. A desired reflected impedance usually must be obtained by experimental adjustment.
When the load resistance has avery low value
(say below 100 ohms) it may be connected in
series in the resonant circuit (as in Fig. 2-39A,
for example), in which case it is transformed to
an equivalent parallel impedance as previously
described. If the Q is at least 10, the equivalent
parallel impedance is
X

LIC Ratio
The formula for resonant frequency of acircuit
shows that the same frequency always will be
obtained so long as the product of L and C is constant. Within this limitation, it is evident that L
can be large and C small, Lsmall and C large, etc.
The relation between the two for a fixed frequency is called the LIC ratio. A high- C circuit
is one which has more capacity than "normal"
for the frequency; alow- C circuit one which has
less than normal capacity. These terms depend
to a considerable extent upon the particular application considered, and have no exact numerical meaning.

= 12

The "effective" Q of a circuit loaded by a
parallel resistance becomes higher when the reactances of the coil and condenser are decreased.
A circuit loaded with a relatively low resistance
(a few thousand ohms) must have low-reactance
elements ( large capacitance and small inductance)
to have reasonably high Q.

Zr =

If the Q is lower than 10 the reactance will have
to be adjusted somewhat, as described previously,
to obtain a resistive impedance of the desired
value.

2

—
R

where Zr = Resistive impedance at resonance
X = Reactance ( in ohms) of either the
coil or condenser
R = Load resistance inserted in series

LC Constants
It is frequently convenient to use the numerical
value of the LC constant when anumber of calculations have to be made involving different L/C
ratios for the same frequency. The constant for
any frequency is given by the following equation:
LC —

25 330

where L = Inductance in microhenrys (
ah.)
C = Capacitance in micromicrofarads
(pafd.)
f = Frequency in megacycles
Example: Find the inductance required to
resonate at 3650 ke. (3.65 Mc.) with capacitances of 25, 50, 100, and 500 ppfd. The LC
constant is
LC — 25.330
(3.65) 2
With

25
——
.
330
1900
13.35

25 pmfd. L = 1900/C = 1900/25
= 76 ph.
50 ppfd. L = I900/C = 1900/50
= 38 ph.
100 ppfd. L
1900/C = 1900/100
= 19 ph.
500 ppfd. L = 1900/C = 1900/500
= 3.8 ph.
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COUPLED CIRCUITS
Energy Transfer and Loading

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

ELECTRICAL LAWS AND CIRCUITS
Coupling by a Common Circuit Element
One method of coupling between two resonant
circuits is through a circuit element common to
both. The three variations of this type of coupling
shown at A, B and C of Fig. 2-42, utilize acommon inductance, capacitance and resistance, respectively. Current circulating in one LC branch
flows through the common element (
Lc,Cc or Rc)
and the voltage developed across this element
causes current to flow in the other LC branch.
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o
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Fig. 2-42 — Four methods of circuit coupling.

If both circuits are resonant to the same frequency, as is usually the case, the value of coupling reactance or resistance required for maximum energy transfer is generally quite small
compared with the other reactances in the circuits. The common-circuit-element method of
coupling is used only occasionally in amateur
apparatus.
Capacitive Coupling
In the circuit at D the coupling increases as
the capacitance of Co,the "coupling condenser,"
is made greater (reactance of Co is decreased).
When two resonant circuits are coupled by this
means, the capacitance required for maximum
energy transfer is quite small if the Q of the secondary circuit is at all high. For example, if the
parallel impedance of the secondary circuit is
100,000 ohms, a reactance of 10,000 ohms or so
in the condenser will give ample coupling. The
corresponding capacitance required is only afew
micromicrofarads at high frequencies.
Inductive Coupling
Figs. 2-43 and 2-44 show inductive coupling, or
coupling by means of the mutual inductance between two coils. Circuits of this type resemble the
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iron-core transformer, but because only apart of
the magnetic flux lines set up by one coil cut the
turns of the other coil, the simple relationships
between turns ratio, voltage ratio and impedance
ratio in the iron-core transformer do not hold.
Two types of inductively-coupled circuits are
shown in Fig. 2-43. Only one circuit is resonant.
The circuit at A is frequently used in receivers for
coupling between amplifier tubes when the tuning
of the circuit must be varied to respond to signals
of different frequencies. Circuit B is used principally in transmitters, for coupling a radiofrequency amplifier to aresistive load.
In these circuits the coupling between the
primary and secondary coils usually is "tight" —
that is, the coefficient of coupling between the
coils is large. With very tight coupling either circuit operates nearly as though the device to which
the untuned coil is connected were simply tapped
across a corresponding number of turns on the
tuned-circuit coil. Any resistance in the circuit to
which the untuned coil is connected absorbs
power, through the mutual inductance, from the
tuned circuit. This has the same effect as increasing the effective series resistance of the tuned
circuit, so that resistance is said to be "coupled
into" the tuned circuit. The selectivity, Q, and
parallel impedance of the tuned circuit are
thereby lowered. Similarly, reactance in the circuit to which the untuned coil is connected is
"coupled into" the tuned circuit, and since
coupled reactance tunes the circuit just as the
reactances of the coil and condenser tune it, it
becomes necessary to readjust the tuning whenever the coupling is changed. In radio-frequency
circuits there is always a certain amount of
coupled-in reactance except when both circuits
are independently tuned to resonance before
being coupled together.
These circuits may be used for impedance
transformation by adjusting the mutual inductance. By proper choice of the number of turns on
the untuned coil, and by adjustment of the
coupling, the parallel impedance of the tuned circuit 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 agiven coefficient of coupling
is obtained when the reactance of the untuned
coil is equal to the resistance of its load.

(A)

(B)

Fig. 2.43 — Single-tuned inductively-coupled circuits.
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Coupled Resonant Circuits

When the primary and secondary circuits are
both tuned, as in Fig. 2-44, the resonance effects
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 two are then
coupled, the secondary ill couple resistance into
the primary, causing its parallel impedance to
decrease. As the coupling is made greater ( without
changing the tuning of either circuit) the coupled
resistance becomes larger and the parallel impedance of the primary continues to decrease.
Also, as the coupling is made tighter the amount
of power transferred from the primary to the

(A)

4.
FREQUENCY

Fig. 2-45 — Showing the effect on the output voltage
from the secondary circuit of changing the coefficient of
coupling between two resonant circuits independently
tuned to the same frequency. 'I'he voltage applied to the
primary is held constant in amplitude while the frequency.is varied, and the output voltage is measured
across the secondary.
2-41). In the series-tuned secondary circuit, Fig.
2-44B, the Q may be increased by increasing the
L/C ratio.
There will generally be no difficulty in securing
sufficient coupling, with practicable coils, if the
Q of each circuit is at least 10. Smaller values will
suffice if the coil construction permits tight
coupling.
Selectivity

Output (B)

Fig. 2-44 — Inductively-coupled resonant circuits. Circuit A is used for high- resistance loads (at least several
times the reactance of ii Iter L2 or C2 at the ro maid.
frequency). Circuit 11 is suitable for low resistance luads,
where the reactance of either L2 or C2 is at least
eral
times the load resistance.

secondary will increase to a maximum at critical
coupling, but then decreases if the coupling is
tightened still more.
Critical coupling is afunction of the Qs of the
two circuits. A higher coefficient of coupling is
required to reach critical coupling when the Qs
are low; if the Qs are high, as in receiving applications, acoupling coefficient of afew per cent may
give critical coupling.
With loaded circuits such as are used in transmitters it is not impossible for the Q to reach such
low values that critical coupling cannot be obtained even with the highest practicable coefficient of coupling (coils as physically close a.s
possible). In such case the only way to secure
sufficient coupling is to increase the Q of one or
both of the coupled circuits. In the primary ( input) circuit this can be done by decreasing the
L/C ratio because this circuit is in effect loaded
by a parallel resistance (effect of coupled- in resistance). In the parallel-tuned secondary circuit,
Fig. 2-44A, the Q also can be increased by decreasing the L/C ratio; in addition, it may be
increased by tapping the load down (
see Fig.

In Fig. 2-43 only one circuit is tuned and the
selectivity curve will be that of asingle resonant
circuit having the appropriate Q. As stated, the
effective Q depends upon the resistance connected
to the untuned coil.
In Fig. 2-44, the selectivity is the same as that
of asingle tuned circuit having aQ equal to the
product of the Qs of the individual circuits — if
the coupling is well below critical and both circuits are tuned to resonance. The Qs of the individual circuits are affected by the degree of
coupling, because each couples resistance into the
other; the tighter the coupling, the lower the
individual Qs and therefore the lower the over-all
selectivity.
If both circuits are independently tuned to
resonance, the over-all selectivity will vary about
as shown in Fig. 2-45 as the coupling is varied.
With loose coupling, A, the output voltage
(across the secondary circuit) is small and the
selectivity is high. As the coupling is increased
the secondary voltage also increases until critical
coupling, B, is reached. At this point the output
voltage at the resonant frequency is maximum
but the selectivity is lower than with looser
coupling. At still tighter coupling, C, the output
voltage at the resonant frequency decreases, but
as the frequency is varied either side of resonance
it is found that there are two "humps" to the
curve, one on either side of resonance. With very
tight coupling, D, there is a further decrease in
the output voltage at resonance and the " humps"
are farther away from the resonant frequency.
Resonance curycs such as those at C and D are
called flat-topped 1)miusp t
he output voltage does
not change much o‘ er an appreciable band of
frequencies.
Note that the off-resonance humps have the
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same maximum value as the resonant output voltage at critical coupling. These humps are caused
by the fact that at frequencies off resonance the
secondary circuit is reactive and couples reactance
as well as resistance into the primary. The coupled resistance decreases off resonance and the
humps represent anew condition of critical coupling, at a frequency to which the primary is
(Whined by the coupled-in reactance from the
secoildary.
When the two circuits are tuned to slightly
different frequencies a double-humped resonance
curve results even though the coupling is below
critical. This is to be expected, because each circuit will respond best to the frequency to which
it is tuned. Tuning of this type is called stagger
tuning, and often is used when substantially uniform response over a wide band of frequencies is
desired.
Link Coupling
A modification of inductive coupling, called
link coupling, is shown in Fig. 2-46. This gives
the effect of inductive coupling between two coils
that have no mutual inductance; the link is
simply ameans for providing the mutual inductance. The total mutual inductance between two
coils coupled by a link cannot be made as great
as if the coils themselves were coupled. This is
because the coefficient of coupling between aircore coils is considerably less than 1, and since
there are two coupling points the over-all coupling
coefficient is less than for any pair of coils. In
practice this need not be disadvantageous because
the power transfer can be made great enough by
making the tuned circuits sufficiently high-Q.
Link coupling is convenient when ordinary inductive coupling would be impracticable for constructional reasons. It finds wide use in transmitters, for example.
The link coils usually have asmall number of
turns compared with the resonant-circuit coils.
The number of turns is not greatly important,
because the coefficient of coupling is relatively
independent of the number of turns on either coil;
it is more important that both link coils should
have about the same inductance. The length of the
link between the coils is not critical if it is very
small compared with the wavelength; if the
length becomes an appreciable fraction of awavelength the link operates more as a transmission
line than as ameans for providing mutual inductance. In such case it should be treated by the
methods described in the chapter on Transmission
Lines.

Input

Fig. 2-46 — Link muffling. The mutual inductances at
both ends of the link are equivalent to mutiial inductance between the tuned circuits, and serve the same
purpose.

Piezoelectric Crystals
A number of crystalline substances found in
nature have the ability to transform mechanical
strain into an electrical charge, and vice versa.
This property is known as piezoelectricity. A
small plate or bar cut in the proper way from a
quartz crystal, for example, and placed between
two conducting electrodes, will be mechanically
strained when the electrodes are connected to a
source of voltage. Conversely, if the crystal is
squeezed between two electrodes a voltage will
develop between the electrodes.
Piezoelectric crystals can be used to transform
mechanical energy into electrical energy, and vice
versa. They are used, for example, in microphones
and phonograph pick-ups, where mechanical
vibrations are transformed into alternating volt,ages of corresponding frequency. They are also
used in headsets and loudspeakers, transforming
electrical energy into mechanical vibration. Crystal plates for these purposes are cut from large
crystals of Rochelle salts.

Fig. 2-47 — Equivalent circuit
of acrystal resonator. L, Cand
R are the electrical equivalents
of mechanical properties of the
crystal; Ch is the capacitance of
the electrodes with the crystal
plate between them.

Crystalline plates also are mechanical vibrators
that have natural frequencies of vibration ranging
from afew thousand cycles to several megacycles
per second. The vibration frequency depends on
the kind of crystal, the way the plate is cut from
the natural crystal, and on the dimensions of the
plate. Because of the piezoelectric effect, the crystal plate can be coupled to an electrical circuit
and made to substitute for a coil-and-condenser
resonant circuit. The thing that makes the crystal
resonator valuable is that it has extremely high
Q, ranging from 5 to 10 times the Qs obtainable
with good LC resonant circuits.
Analogies can be drawn between various mechanical properties of the crystal and the electrical characteristics of a tuned circuit. This
leads to an "equivalent circuit" for the crystal.
The electrical coupling to the crystal is through
the electrodes between which it is sandwiched;
these electrodes form, with the crystal as the
dielectric, a small condenser like any other condenser constructed of two plates with adielectric
between. The crystal itself is equivalent to a
series-resonant circuit, and together with the
capacitance of the electrodes forms the equivalent
circuit shown in Fig. 2-47. The equivalent inductance of the crystal is extremely large and the
series capacitance, C, is correspondingly low; this
is the reason for the high Q of a crystal. The
electrode capacitance, Ch, is so very large compared with the series capacitance of the crystal
that it has only avery small effect on the resonant
frequency.
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Crystal plates for use as resonators in radiofrequency circuits are almost always cut from
quartz crystals, because for mechanical reasons
quartz is by far the most suit
material for

•COMBINED A.C.

Practical Circuit Details
AND D.C.

viretiits ail. built H, nid vacuum
tubes, at al it is the nature , fthe I
taws to require
direct current (usually at a fairly high voltage)
for their operation. They convert the direct current into an alternating current (and sometimes
the reverse) at frequencies varying from well
down in the audio range to well up in the superhigh range. The conversion process almost invariably requires that the direct and alternating
currents meet somewhere in the circuit.
In this meeting, the a.c. and d.c. are actually
combined into a single current that "pulsates"
(at the a.c. frequency) about an average value
equal to the direct current. This is shown in Fig.
2-48. It is convenient to consider that the alternating current is superimposed on the direct
current, so we may look upon the actual current
as having two components, one d.c. and the
other a.c.
I ii

ho

Fig. 2-48 — Pulsating, c posed of an
alternating current
or voltage superimposed on a steady
direct current or
voltage.

r.>
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o
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this purpose. Quartz crystals are used as resonators in receivers, to give highly-selective reception,
and as frequency-controlling elements in transmitters to give ahigh order of frequency stability.
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In an alternating current the positive and negative alternations have the same average amplitude, so when the wave is superimposed on a
direct current the latter is alternately increased
and decreased by the same amount. There is thus
no average change in the direct current. If ad.c.
instrument is being used to read the current, the
reading will be exactly the same whether or not
the a.c. is superimposed.
However, there is actually more power in such
acombination current than there is in the direct
current alone. This is because power varies as the
square of the instantaneous value of the current,
and when all the instantaneous squared values
are averaged over a cycle the total power is
greater than the d.c. power alone. If the a.c. is a
sine wave having a peak value just equal to the
d.c., the power in the circuit is 1.5 times the d.c.
power. An instrument whose readings are proportional to power will show such an increase.
In many circuits, also, we may have two alternating currents of different frequencies; for example, an audio frequency and aradio frequency
may be combined in the same circuit. The two
in turn may be combined with a direct current.
In some cases, too, two r.f. currents of widelydifferent frequencies may be combined in the
same circuit.

Series and Parallel Feed
Fig. 2-49 shows in simplified form how d.c. and
a.c. may be combined in a vacuum-tube circuit.
(The tube is shown only in bare outline; so far
as the d.c. is concerned, it can be looked upon as
a resistance of rather high value. On the other
hand, the tube may be looked upon as the generator of the a.c. The mechanism of tube operation
is described in the next chapter.) In this case, it
is assumed that the a.c. is at radio frequency, as
suggested by the coil-and-condenser tuned circuit.
It is also assumed that r.f. current can easily flow
through the d.c. supply; that is, the impedance
of the supply at radio frequencies is so small as
to be negligible.
In the circuit at the left, the tube, tuned circuit,
and d.c. supply all are connected in series. The
direct current flows through the r.f. coil to get to
the tube; the r.f. current generated by the tube
flows through the d.c. supply to get to the tuned
circuit. This is series feed. It works because the
impedance of the d.c. supply at radio frequencies
is so low that it does not affect the flow of r.f. current, and because the d.c. resistance of the coil is
so low that it does not affect the flow of direct
current.
In the circuit at the right the direct current
does not flow through the r.f. tuned circuit, but
instead goes to the tube through a second coil,
RFC (
radio-frequency choke). Direct current
cannot flow through L because a blocking condenser, C, is placed in the circuit to prevent it.
(Without C, the d.c. supply would be shortcircuited by the low resistance of L.) On the
other hand, the r.f. current generated by the tube
can easily flow through C to the tuned circuit because the capacitance of C is intentionally chosen
to have low reactance (compared with the impedance of the tuned circuit) at the radio frequency. The r.f. current cannot flow through the
d.c. supply because the inductance of RFC is intentionally made so large that it has avery high
reactance at the radio frequency. The resistance
of RR', however, is too low to have aii appre-

SERIES FEED
PARALLEL FEED
Fig. 2-49 — Illustrating series and parallel feed.
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ciable effect on the flow of direct current. The two
currents are thus in parallel, hence the name
parallel feed.
Either type of feed may be used for both a.f.
and r.f. circuits. In parallel feed there is no d.c.
voltage on the a.c. circuit, a desirable feature
from the viewpoint of safety to the operator, because the voltages applied to tubes — particularly 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 frequencies. Series feed is usually preferred, therefore, because it is relatively easy to keep the
impedance between the a.c. circuit and the tube
low.
By-Passing
In the series-feed circuit just discussed, it was
assumed that the d.c. supply had very low impedance at radio frequencies. This is not likely
to be true in a practical power supply, partly

••

Fig. 2-50— Typical
use of aby-pass condenser in aseries-feed
circuit.

because the normal physical 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" connection.
An actual circuit would be provided with a
by-pass condenser, as shown in Fig. 2-50. Condenser C is chosen to have low reactance at the
operating frequency, and is installed right in the
circuit where it can be wired to the other parts
with quite short connecting wires. Hence the r.f.
current will tend to flow through it rather than
through the d.c. supply.
To be effective, the reactance of the by-pass
condenser should not be more than one-tenth of
the impedance of the by-passed part of the circuit. Very often the latter impedance is not
known, in which case it is desirable to use the
largest capacitance in the by-pass that circumstances permit. To make doubly sure that r.f.
current will not flow through a non-r.f. circuit
such as a power supply, an r.f. choke may be
connected in the lead to the latter, as shown in
Fig. 2-50.
The same type of by-passing is used when audio
frequencies are present in addition to r.f. Because
the reactance of a condenser changes with frequency, it is readily possible to choose a capaci-

tance that will represent avery low reactance at
radio frequencies but that will have such high
reactance at audio frequencies that it is practically an open circuit. A capacitance of 0.001 pfd.
is practically ashort circuit for r.f., for example,
but is almost an open circuit at audio frequencies.
(The actual value of capacitance that is usable
will be modified by the impedances concerned.)
By-pass condensers also are used in audio circuits
to carry the audio frequencies around a d.c.
supply.
Distributed Capacitance and Inductance
In the discussions earlier in this chapter it
was assumed that a condenser has only capacitance and that a coil has only inductance. Unfortunately, this is not strictly true. There is
always a certain amount of inductance in a conductor of any length, and a condenser is bound
to have a little inductance in addition to its
intended capacitance. Also, there is always capacitance between two conductors or between
parts of the same conductor, and thus there is
appreciable capacitance between the turns of an
inductance coil.
This distributed inductance in a condenser
and the distributed capacitance in a coil have
important practical effects. Actually, every condenser is a tuned circuit, resonant at the frequency where its capacitance and distributed
inductance have the same reactance. The same
thing is true of a coil and its distributed capacitance. At frequencies well below these natural
resonances, the condenser will act like a normal
capacitance and the coil will act like a normal
inductance. Near the natural resonant points,
the coil and condenser act like self- tuned circuits.
Above resonance, the condenser acts like an inductance and the coil acts like acondenser. Thus
there is alimit to the amount of capacitance that
can be used at agiven frequency. There is asimilar limit to the inductance that can be used.
At audio frequencies, capacitances measured in
microfarads and inductances measured in henrys
are practicable. At low and medium radio frequencies, inductances of a few millihenrys and
capacitances of a few thousand micromicrofarads are the largest practicable. At high radio
frequencies, usable inductance values drop to
a few microhenrys and capacitances to a few
hundred micromicrokirads.
Distributed capacitance and inductance are
important not only in r.f. tuned circuits, but in
by-passing and choking as well. It will be appreciated that a by-pass condenser that actually
acts like an inductance, or an r.f. choke that acts
like a condenser, cannot work as it is intended
they should.
Grounds
Throughout this book there are frequent references to ground and ground potential. When a
connection is said to be "grounded" it does not
mean that it actually goes to earth (although in
many cases such earth connections are used).
What it means is that an actual earth connection
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could be made to that point in the circuit without
disturbing the operation of the circuit in any way.
The term also is used to indicate a "common"
point in the circuit where power supplies and
metallic supports (such as a metal chassis) are
electrically tied together. It is customary, for
example, to "ground" the negative terminal of a
d.c. power supply, and to "ground" the filament
or heater power supplies for vacuum tubes. Since
the cathode of avacuum tube is ajunction point
for grid and plate voltage supplies, it is anatural
point to "ground." Also, since the various circuits connected to the tube elements have at
least one point connected to cathode, these
points also are "returned to ground." " Ground"
is therefore acommon reference point in the radio
circuit. "Ground potential" means that there is
no "difference of potential" — that is, no voltage
— between the circuit point and the earth.
Single- Ended and Balanced Circuits
With reference to ground, a circuit may be
either single- ended (
unbalanced) or balanced.
In a single-ended circuit, one side of the circuit is connected to ground. In a balanced
circuit, the electrical midpoint is connected to

SINGLE- ENDED

BALANCED

SINGLE- ENDED
BALANCED OUTPUT
Fig. 2-51 — Single-ended and balanced circuits.
ground, so that the circuit has two ends each
at the same voltage "above" ground.
Typical single-ended and balanced circuits are
shown in Fig. 2-51. It.f. circuits are shown in
the upper row, while iron-core transformers (such
as are used in power-supply and audio circuits)
are shown in the lower row. The r.f. circuits may
be balanced either by connecting the center of
the coil to ground or by using a " balanced" or
"split-stator" condenser and connecting the condenser rotor to ground. In the iron-core transformer, one or both windings may be tapped at
the center of the winding to provide the ground
connection.
In the single-ended circuit, only one side of

the circuit is " hot" — that is, has a voltage that
differs from ground potential. In the balanced
circuit, both ends are " hot" and the grounded
center point is at ground potential.
Shielding
Two circuits that are physically near each
other usually will be coupled to each other in
some degree even though no coupling is intended.
The metallic parts of the two circuits form a
small capacitance through which energy can be
transferred by means of the electric field. Also,
the magnetic field about the coil or wiring of
one circuit can couple that circuit to a second
through the latter's coil and wiring. In many
cases these unwanted couplings must be prevented
if the circuits are to work properly.
Capacitive coupling may readily be prevented
by enclosing one or both of the circuits in
grounded low-resistance metallic containers,
called shields. The electric field from the circuit
components does not penetrate the shield. A
metallic plate, called abaffle shield, inserted between two components also may suffice to prevent electrostatic coupling between them. It
should be large enough to make the components
invisible to each other.
Similar metallic shielding is used at radio frequencies to prevent magnetic coupling. The
shielding effect increases with frequency and with
the conductivity and thickness of the shielding
material.
A closed shield is required for good magnetic
shielding; in some cases separate shields, one
about each coil, may be required. The baffle shield
is rather ineffective for magnetic shielding, although it will give partial shielding if placed at
right angles to the axes of, and between, the coils
to be shielded from each other.
Shielding acoil reduces its inductance, because
part of its field is canceled by the shield. Also,
there is always a small amount of resistance in
the shield, and there is therefore an energy loss.
This loss raises the effective resistance of the
coil. The decrease in inductance and increase in
resistance lower the Q of the coil. The reduction
in inductance and Q will be small if the shield is
sufficiently far away from the coil; the spacing
between the sides of the coil and the shield should
be at least half the coil diameter, and the spacing
at the ends of the coil should at least equal the
coil diameter. The higher the conductivity of the
shield material, the less the effect on the inductance and Q. Copper is the best material, but aluminum is quite satisfactory.
For good magnetic shielding at audio frequencies it is necessary to enclose the coil in a
container of high-permeability iron or steel. In
this case the shield can be quite close to the coil
without harming its performance.

Modulation, Heterodyning and Beats
Since one of the most widespread uses of radio
frequencies is the transmission of speech and
music, it would be very convenient if the audio

spectrum to be transmitted could simply be shifted
up to some radio frequency, transmitted as radio
waves, and shifted back down to the audio spec-
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combination as aradio wave would result simply
in the transmission of the 1,000,000-cycle frequency, since the 1000-cycle frequency retains its
identity as an audio frequency and hence will not
be radiated.
There are devices, however, which make it possible for one frequency to control the amplitude
of the other. If, for example, a 1000-cycle tone
is used to control a 1- Mc, signal, the maximum
r.f. output will be obtained when the 1000-cycle
signal is at one peak and the minimum will occur
at its other peak. The process is called amplitude
modulation, and the effect is shown in Fig. 2-52D.
The resultant signal is now entirely at radio frequency, but with its amplitude varying at the
modulation rate ( 1000 cycles). Receiving equipment adjusted to receive the 1,000,000-cycle r.f.
signal can reproduce these changes in amplitude,
and thus tell what the audio signal is, through a
process called detection or demodulation.
It might be assumed that the only radio frequency present in such a signal is the original
1,000,000 cycles, but such is not the case. It will
be found that two new frequencies have appeared. These are the sum ( 1,000,000
1000)
and difference ( 1,000,000 — 1000) frequencies,
and hence the radio frequencies appearing in the
circuit after modulation are 999,000, 1,000,000
and 1,001,000 cycles.
Many circuits have been devised for obtaining
§ freieencY
amplitude modulation, and they will be treated
in detail in later chapters. When an audio fre(E)
quency is used to control the amplitude of aradio
frequency, the process is generally called "amplitude modulation," as mentioned previously, but
when a radio frequency modulates another radio
E
frequency it is called heterodyning. However,
Frequency §
Time
the processes are identical. A general term for the
sum and difference frequencies generated during
(B)
(F)
heterodyning or amplitude modulation is "beat
frequencies," and amore specific one is upper side
frequency, for the sum frequency, and lower side
frequency for the difference frequency.
E
In the simple example, the modulating signal
«L
was assumed to be apure tone, but the modulatTime
§ Frequency
ing signal can just as well be aband of frequencies
making up speech or music. In this case, the side
(C)
(G)
frequencies are grouped into what are called the
upper sideband and the lower sideband. In any
case, the frequency that is modulated is called the
carrier frequency.
In A, B, C and D of Fig. 2-52, the sketches are
E
obtained by plotting amplitude against time.
I
Time
However, it is equally helpful to be able to visual§ Frequency § â §
ize the spectrum, or what aplot of amplitude vs.
frequency looks like, at any given instant of time.
E, F, G and H of Fig. 2-52 show the signals of
(D)
(
H)
Fig. 2-52A, B, C and D on an amplitude-vs.Fig. 2-52 — Amplitude-i's.-time and amplitude-vs..
frequency basis. Any one frequency is, of course,
frequency plots of various signals. ( A) 1 cycles of a
1000-cycle signal. ( II) A 1,000,000-cycle signal plotted
represented by a vertical line. Fig. 2-52H shows
to the same scale as A. Because there are 1500 cycles
the side frequencies appearing as aresult of the
during this time, they cannot be shown accurately.
modulation process.
(C) The signals of A and 13 flowing in the same circuit.
(D) The signals of A and 11 combined in acircuit where
Amplitude modulation (
AM) is not the only
A can control the amplitude of B. The 1,000,000-cycle
possible type nor is it the only one in use. This
signal is modulated by the 1000-cycle signal. ( E), ( E),
and other types of modulation are treated in
(G), ( II) Amplitude-vs.-frequency plots of the signals
detail in later chapters.
in A, B, C and D.

trum at the receiving point. Suppose the audio
signal to be transmitted by radio is a pure 1000cycle tone, and we wish to transmit it at some
frequency around 1 Mc. ( 1,000,000 cycles). One
possible way might be to add 1,000,000 cycles
and 1,000 cycles together, thereby obtaining a
radio frequency of 1,001,000 cycles. Unfortunately, no simple method for doing such a thing
directly ha.s ever been devised, although the effect
is obtained and used in some advanced communications techniques.
Actually, when two different frequencies are
present simultaneously in an ordinary circuit
(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 current) in the circuit will be the sum of the instantaneous values of the two at every instant. This
is because there can be only one value of current
or voltage at any single point in a circuit at any
instant. Fig. 2-52A and B show two such frequencies, and C shows the resultant. The amplitude of the 1,000,000-cycle current is not affected
by the presence of the 1000-cycle current, but
merely has its axis shifted back and forth at the
1000-cycle rate. An attempt to transmit such a

CHAPTER 3

Vacuum-Tube Principles
•

CURRENT IN A VACUUM

The outstanding difference bet‘‘ yen the
vacuum tube and most other electrical devices
is that the electric current does not flow through
a conductor but through empty space — a
vacuum. This is only possible when "free"
electrons — that is, electrons that are not attached to atoms — are somehow introduced
into the vacuum. Free electrons in an evacuated space will be attracted to a positivelycharged object within the same space, or will
be repelled by a negatively-charged object.
The movement of the electrons under the attraction or repulsion of such charged objects
constitutes the current in the vacuum.
The most practical way to introduce a sufficiently-large number of electrons into the
evacuated space is by thermionic emission.
Thermionic Emission

those electrons nearest the cathode, tending to
make them fall back on it.
Now suppose a second conductor is introduced into the vacuum, but not connected to
anything else inside the tube. If this second
conductor is given a positive charge by connecting a source of e.m.f. between it and the
DirectIon
of flow

Positive
plate

Hot
Filament

8
+

If a thin wire of filament is heated to incandescence in a vacuum, electrons near the
surface are given enough energy of motion to
fly off into the surrounding space. The higher
the temperature, the greater the number of
electrons emitted. A more general name for the
filament is cathode.
If the cathode is the only thing in the vacuum,
most of the emitted electrons stay in its immediate vicinity, forming a "cloud" about the
cathode. The reason for this is that the electrons in the space, being negative electricity,
form a negative charge (
space charge) in the
•egion of the eat hiele. The space charge repels

Representative tube types. The miniature, metal.
envelope and small glass tubes in the foreground are
receiving types. The two tubes with connections at the
top of the bulb, lying down, are transmitting triodes of
moderate power ratings. 'I'hose in the rear are transmitting-type beam tetrodes.

II_ 1

11
11
11
1

Fig. 31 — Conduction by thermionic emission in a
vacuum tube. One battery is used to heat the filament to
atemperature that will cause it to emit electrons. The
other battery makes the plate positive with respect to
the filament, thereby causing the emitted electrons to be
attracted to the plate. Electrons captured by the plate
flow back through the battery to the filament.

cathode, as indicated in Fig. 3-1, electrons emitted
by the cathode are attracted to the positivelycharged conductor. An electric current then
flows through the circuit formed by the cathode,
the charged conductor, and the source of e.m.f.
In Fig. 3-1 this e.m.f. is supplied by a battery
("B" battery); a second battery (" A" battery)
is also indicated for heating the cathode or
filament to the proper operating temperature.
The positively-charged conductor is usually
a metal plate or cylinder (surrounding the
cathode) and is called an anode or plate. Like
the other working parts of a tube, it is a tube
element or electrode. The tube shown in Fig.
3-1 is a two-element or two-electrode tube,
one element being the cathode or filament and
the other the anode or plate.
Since electrons are negative electricity, they
will be attracted to the plate only when the
plate is positive with respect to the cathode.
If the plate is given a negative charge, the
electrons will be repelled back to the cathode
and no current will flow. The vacuum tube
therefore can conduct only in one direction.
Cathodes
Before electron emission can occur, the
cathode must be heated to a high temperature.
However, it is not essential that the heating cur-

82

53

VACUUM-TUBE PRINCIPLES

almost all the electrons are going to the
plate. At higher voltages the plate current
stays at practically the same value.
The plate voltage multiplied by the
plate current is the power input to the tube.
In acircuit 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
(A)
(B)
(c)
(
D) (E)
bulb of the tube, and in turn radiated by
Fig. 3-2 — Types of cathode construction. Directly-heated
cathodes or filaments are shown at A, B, and C. The inverted V the bulb to the surrounding air.
filament is used in small receiving tubes, the M in both receiving
and transmitting tubes. The spiral filament is atransmittingRECTIFICATION
tube type. The indirectly-heated cathodes at D and E show
two types of heater construction, one atwisted loop and the
Since current can flow through atube in
other bunched heater wires. Both types tend to cancel the
magnetic fields set up by the current through the heater.
only one direction, adiode can be used to
change alternating current into direct current. It
rent flow through the actual material that does
does this by permitting current to flow when the
the emitting; the filament or heater can be
plate is positive with respect to the cathode,
electrically separate from the emitting cathode.
but by shutting off current flow when the plate
Such a cathode is called indirectly heated, while
is negative.
an emitting filament is called directly heated.
Fig. 3-4 shows a representative circuit. AlFig. 3-2 shows both types in the forms in which
ternating voltage from the secondary of the
they are commonly used.
transformer, T, is applied to the diode tube in
Much greater electron emission can be obseries with a load resistor, R. The voltage
tained, at relatively low temperatures, by using
varies as is usual with a.c., but current flows
special cathode materials rather than pure metals.
through the tube and R only when the plate
One of these is thoriated tungsten, or tungsten
is positive with respect to the cathode — that
in which thorium is dissolved. Still greater
is, during the half-cycle when the upper end of
efficiency is achieved in the oxide-coated caththe transformer winding is positive. During the
ode, a cathode in which rare-earth oxides
negative half-cycle there is simply a gap in the
form acoating over ametal base.
current flow. This rectified alternating current
Although the oxide-coated cathode has much
therefore is an intermittent direct current.
the highest efficiency, it can be used successfully
The load resistor, R, represents the actual
only in tubes that operate at rather low plate
circuit in which the rectified alternating current
voltages. Its use is therefore confined to receivdoes work. All tubes work into a load of one
ing-type tubes and to the smaller varieties of
type or another; in this respect a tube is much
transmitting tubes. The thoriated filament, on
like a generator or transformer. A circuit that
the other hand, will operate well in high-voltage
did not provide a load for the tube would be
tubes.
like a short-circuit across a transformer; no
Plate Current
useful purpose would be accomplished and the
If there is only asmall positive voltage on the
only result would be the generation of heat
plate, the number of electrons reaching it will
in the transformer. So it is with vacuum tubes,
be small because the space charge ( which is
they must deliver power to a load in order to
negative) prevents those electrons nearest the
serve auseful purpose. Also, to be efficient most
cathode from being attracted to the plate. As
of the power must do useful work in the load
the plate voltage is increased, the effect of the
and not be used in heating the plate of the tube.
space charge is increasingly overcome and the
This means that most of the voltage should apnumber of electrons attracted to the plate bepear as adrop across the load rather than as adrop
comes larger. That is, the plate current increases
between the plate and cathode.
with increasing plate voltage.
Fig. 3-3 shows a typical plot of plate
current vs. plate voltage for a two-ele7 /***Ç Saturation
Point
ment tube or diode. A curve of this type
can be obtained with the circuit show
if the plate voltage is increased in small
steps and a current reading taken (by
means of the current-indicating instrument — a " milliammeter") at each voltIncrease
age. The plate current is zero With no
Plate Voltage
1.1.1.11.1 +
plate voltage and the curve rises until a
saturation point is reached. This is where Fig. 3-3 — The diode, or two-element tube, and atypical curve
the positive charge on the plate has sub- showing how the plate current depends upon the voltage applied
stantially overcome the space charge and 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 elements are reversed, the direction of rectified current flow
also will be reversed through
the load.

•TRIODES

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

nn

Current

Vacuum- Tube Amplifiers
Grid Control

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

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

resu t is that, at any selected plate voltage,
more electrons will flow to the plate than if the
grid were not present. On the other hand, if
the grid is made negative with respect to the
cathode the negative charge on the grid will
add to the space charge. This will reduce the
number of electrons that can reach the plate
at any selected plate voltage.
The grid is inserted in the tube to control
the space charge and not to attract
I.
electrons to itself, so it is made in the
form of a wire mesh or spiral. Elec14
trons then can go through the open
12
spaces in the grid to reach the plate.
!lc)
Characteristic Curves
For any particular tube, the effect
of the grid voltage on the plate current can be shown by a set of characteristic curves. A typical set of
curves is shown in Fig. 3-6, together
with the circuit that is used for getting them. For each value of plate
voltage, there is a value of negative
grid voltage that will reduce the
plate current to zero; that is, there is

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 electrons and therefore none of them reaches it; in other words, no
current flows in the grid circuit. However, when
the grid is positive, it attracts electrons and a
current (
grid current) flows, just as current flows
to the positive plate. Whenever there is grid
current there is an accompanying power loss in
the grid circuit, but so long as the grid is negative
no power is used.
It is obvious that the grid can act as a valve
to control the flow of plate current. Actually,
the grid has a much greater effect on plate
current flow than does the plate voltage. A
small change in grid voltage is just as effective
in bringing about agiven change in plate current
as is alarge change in plate voltage.
The fact that a small voltage acting on the
grid is equivalent to a large voltage acting on
the plate indicates the possibility of amplification with the triode tube. The many uses of
the electronic tube nearly all are based upon
this amplifying feature. The amplified output
is not obtained from the tube itself, but from the
source of e.m.f. connected between its plate and
cathode. The tube simply controls the power from
this source, changing it to the desired form.
To utilize the controlled power, a load must
be connected in the plate or "output" circuit,
just as in the diode case. The load may be

4 6
«ro
a: 4

e

2

-25

-20

-5
- to
G id Voltage

-5

o

Fg3-6 — Grid-voltage-rs.-plate-current curves at various fixed valuek
of plate voltage ( Eb) for atypical small triode. Characteristic curves of
this type can be taken by varying the battery voltages in the circuit
at the right.
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either a resistance or an impedance. The term
"impedance" is frequently used even when
the load is purely resistive.
Tube Characteristics
The physical construction of a triode determines the relative effectiveness of the grid
and plate in controlling the plate current. If a
very small change in the grid voltage has just
as much effect on the plate current as a very
large change in plate voltage, the tube is said
to have a high amplification factor. Amplification factor is commonly designated by the
Greek letter µ. An amplification factor of 20,
for example, means that if the grid voltage is
changed by 1 volt, the effect on the plate current will be the same as when the plate voltage
is changed by 20 volts. The amplification factors
of triode tubes range from 3to 100 or so. A high-IL
tube is one with an amplification factor of perhaps 30 or more; medium-IL tubes have amplification factors in the approximate range 8to 30,
and low- 4tubes in the range below 7or 8.
It would be natural to think that a tube
that has a large et would be the best amplifier,
but to obtain ahigh µit is necessary to construct
the grid with many turns of wire per inch, or in
the form of a fine mesh. This leaves a relatively
small open area for electrons to go through to
reach the plate, so it is difficult for the plate to
attract large numbers of electrons. Quite a large
change in the plate voltage must be made to
effect a given change in plate current. This
means that the resistance of the plate-cathode
path — that is, the plate resistance — of the
tube is high. Since this resistance acts in series
with the load, the amount of current that can
be made to flow through the load is relatively
small. On the other hand, the plate resistance
of alow-IL tube is relatively low.
The best all-around indication of the effectiveness of the tube as an amplifier is its transconductance — also called mutual conductance.
This characteristic takes account of both amplification factor and plate resistance, and therefore is afigure of merit for the tube. Transconductance is the change in plate current divided by the
change in grid voltage that causes the platecurrent change (the plate voltage being fixed at
adesired value). Since current divided by voltage
is conductance, transconductance is measured in
the unit of conductance, the mho. Practical
values of transconductance are very small, so
the micromho (one-millionth of a mho) is the
commonly-used unit. Different types of tubes
have transconductances ranging from a few
hundred to several thousand. The higher the
transconductance the greater the possible amplification.

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

circuit used for obtaining it, is shown in Fig. 3-7.
The curves are taken with the plate-supply
voltage fixed at the desired operating value. The
difference between this circuit and the one shown
in Fig. 3-6 is that in Fig. 3-7 aload resistance is
connected in series with the plate of the tube.
Fig. 3-7 thus shows how the plate current will
vary, with different grid voltages, when the plate
current is made to flow through a load and thus
do useful work.
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Pg. 3-7 — Dynamic characteristics of a small triode
with various load resistances from 5000 to 100,000 ohms.
The several curves in Fig. 3-7 are for various
values of load resistance. When the resistance is
small (as in the case of the 5000-ohm load) the
plate current changes rather rapidly with a
given change in grid voltage. If the load resistance
is high (as in the 100,000-ohm curve), the change
in plate current for the same grid-voltage change
is relatively small, so the curve tends to be
straighter.
Fig. 3-8 is the same type of curve, but with
the circuit arranged so that asource of alternating
voltage (
signal) is inserted between the grid and
the grid battery (" C" battery). The voltage of
the grid battery is fixed at — 5 volts, and from
the curve it is seen that the plate current at this
grid voltage is 2milliamperes. This current flows
when the load resistance is 50,000 ohms, as
indicated in the circuit diagram. If there is no
a.c. signal in the grid circuit, the voltage drop in
the load resistor is 50,000 X 0.002 = 100 volts,
leaving 200 volts between the plate and cathode.
When asine-wave signal having apeak value of
2volts is applied in series with the bias voltage
in the grid circuit, the instantaneous voltage at
the grid will swing to — 3volts at the instant the
signal reaches its positive peak, and to — 7volts
at the instant the signal reaches its negative
peak. The maximum plate current will occur at
the instant the grid voltage is — 3volts. As shown
by the graph, it will have a value of 2.65 milliamperes. The minimum plate current occurs at
the instant the grid voltage is — 7volts, and has
a value of 1.35 ma. At intermediate values of
grid voltage, intermediate plate-current values
will occur.
The instantaneous voltage between the plate
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The fixed negative grid voltage (called grid
bias) in Fig. 3-8 serves a very useful purpose.
One object of the type of amplification shown in
this drawing is to obtain, from the plate circuit,
an alternating voltage that has the same waveshape as the signal voltage applied to the grid.
To do so, an operating point on the straight part
of the curve must be selected. The curve must be
straight in both directions from the operating
point at least far enough to accommodate the
maximum value of the signal applied to the grid.
If the grid signal swings the plate current back
and forth, over a part of the curve that is not
straight, as in Fig. 3-9, the shape of the a.c.
wave in the plate circuit will not be the same as
the shape of the grid-signal wave. In such a case
the output waveshape st ill be distorted.
A second reason for using negative grid bias is
that any signal whose peak positive voltage does
not exceed the fixed negative voltage on the grid
cannot cause grid current to flow. With no current 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, current will flow in the grid circuit during the time
the grid is positive.)
Distortion of the output waveshape that
results from working over apart of the curve that
is not straight (that is, a nonlinear part of the
curve) has the effect of transforming asine-wave
grid signal into a more complex waveform. As
explained in an earlier chapter, a complex wave
can be resolved into a fundamental and a series
of harmonics. In other words, distortion from
nonlinearity causes the generation of harmonic
frequencies — frequencies that are not present
in the signal applied to the grid. Harmonic distortion is undesirable in most amplifiers, although
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Fig. 3.2 — Amplifier operation. When the plate current
varies in response to the signal applied to the grid, a
varying voltage drop appears across the load, lip, 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 R, is 50,000
X 0.00265 = 132.5 volts; when the plate current is minimum the instantaneous voltage
drop in Rp is 50,000 X 0.00135 = 67.5 volts.
The actual voltage between plate and cathode
is the difference between the plate-supply potential, 300 volts, and the voltage drop in the
load resistance. The plate-to-cathode voltage
is therefore 167.5 volts at maximum plate current
and 232.5 volts at minimum plate current.
This varying plate voltage is an a.c. voltage
superimposed on the steady plate-cathode potential of 200 volts (as previously determined for
no-signal conditions). The peak value of this a.c.
output voltage is the difference between either
the maximum or minimum plate-cathode voltage
and the no-signal value of 200 volts. In the illustration this difference is 232.5 — 200 or 200 —
167.5; that is, 32.5 volts in either case. Since the
grid signal voltage has apeak value of 2volts, the
voltage-amplification ratio of the amplifier is
32.5 2or 16.25. That is, approximately 16 times
as much voltage is obtained from the plate circuit
as is applied to the grid circuit.
As shown by the drawings in Fig. 3-8, the
alternating component of the plate voltage
swings in the negative direction (with reference to
the no-signal value of plate-cathode voltage)
when the grid voltage swings in the positive
direction, and vice versa. This means that the
alternating component of plate voltage (that is,
the amplified signal) is 180 degrees out of phase
with the signal voltage on the grid.
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Fig. 3-9 — Harmonic distortion resulting from choice
of an operating point on the curved part of the tube
characteristic. The lower half-cycle of plate current does
not have the same shape as the upper half-cycle.
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there are occasions when harmonics are deliberately generated and used.
Amplifier Output Circuits
The useful output of a vacuum-tube amplifier
is the alternating component of plate current or
plate voltage. The d.c. voltage on the plate of the
tube is essential for the tube's operation, but it
almost invariably would cause difficulties if it
were applied, along with the a.c. output voltage,
to the load. The output circuits of vacuum tubes
are therefore arranged so that the a.c. is transferred to the load but the d.c. is not.
Three types of coupling are in common use at
audio frequencies. These are resistance coupling,
impedance coupling, and transformer coupling.
They are shown in Fig. 3-10. In all three cases
the output is shown coupled to the grid circuit of
asubsequent amplifier tube, but the same types
of circuits can be used to couple to other devices
than tubes.
In the resistance-coupled circuit, the a.c.
voltage developed across the plate resistor Rp
(that is, between the plate and cathode of the
tube) is applied to asecond resistor, R., through
acoupling condenser, C.. The condenser "blocks
off" the 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 current flows in
the grid circuit of tube B and there is therefore
no d.c. voltage drop in R.; in other words, the
full voltage of the bias battery is applied to the
grid of tube B.
The grid resistor, R., usually has arather high
value (0.5 to 2 megohms). The reactance of the
coupling condenser, Cs, must be low enough
compared with the resistance of R. so that the
a.c. voltage drop in Cs is negligible at the lowest
frequency to be amplified. If R, is at least 0.5
megohm, a0.1-pfd. condenser 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 Cs is negligible then R„ and R.
are effectively in parallel (although they are
quite separate so far as d.c. is concerned). The
resultant parallel resistance of the two is therefore the actual load resistance for the tube. That
is why R. is made as high in resistance as possible; then it will have the least effect on the load
represented by R,.
The impedance-coupled circuit differs from
that using resistance coupling only in the substitution of a high-inductance coil (usually several hundred henrys for audio frequencies) for the
plate resistor. The advantage of using an inductance rather than a resistor is that its impedance is high for alternating currents, but its
resistance is relatively low for d.c. It thus permits
obtaining ahigh value of load impedance for a.c.
without an excessive d.c. voltage drop that
would use up agood deal of the voltage from the
plate supply.
The transformer-coupled amplifier uses atransformer with its primary connected in the plate
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basic forms of coupling between
vacuum-tube amplifiers.
Fig.

3-10 — Three

circuit of the tube and its secondary connected
to the load (in the circuit shown, a following
amplifier). There is no direct connection between
the two windings, so the plate voltage on tube A
is isolated from the grid of tube B. The transformer-coupled amplifier has the same advantage
as the impedance-coupled circuit with respect to
loss of voltage from the plate supply. Also, if the
secondary has more turns than the primary, the
output voltage will be "stepped up" in proportion to the turns ratio.
Resistance coupling is simple, inexpensive, and
will give the same amount of amplification — or
voltage gain— over awide 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 transformer-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 10 or less,
for the reason that the primary inductance of a
practicable transformer cannot be made large
enough to work well with a tube having high
plate resistance.
An amplifier in which voltage gain is the primary consideration is called a voltage amplifier.
Maximum voltage gain is secured when the load
resistance or impedance is made as high as possible in comparison with the plate resistance of
the tube. In such acase, 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 waveshape of the output
voltage is the same as that of the signal voltage
applied to the grid. If a Class A amplifier is
biased so that the grid is always negative, even
with the largest signal to be handled by the grid,
it is called a Class A1 amplifier. Voltage amplifiers are always Class A1 amplifiers, and their
primary use is in driving a following Class A1
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 loudspeaker that in turn produces sound waves. The
greater the amount of a.f. power supplied to the
'speaker, the louder the sound it will produce.
Output
Transformer

The power-amplification ratio of all amplifier is the ratio of the power output obtained
from the plate circuit to the power required
from the a.c. signal in the grid circuit. There is
no power lost in the grid circuit of a Class A1
amplifier, so such an amplifier has an infinitely
large power-amplification ratio. However, it is
quite possible to operate a Class A amplifier
in such a way that current flows in its grid
circuit during at least part of the cycle. In such
a case power is used up in the grid circuit and
the power amplification ratio is not infinite.
A tube operated in this fashion is known as a
Class A2 amplifier. It is necessary to use apower
amplifier to drive aClass A2 amplifier, because a
voltage amplifier cannot deliver power without
serious distortion of the wave-shape.
Another term used in connection with power
amplifiers is power sensitivity. In the case of a
Class A1 amplifier, it means the ratio of power
output to the grid signal voltage that causes it.
If grid current flows, the term usually means
the ratio of plate power output to grid power
input.
The a.c. power that is delivered to a load by
an amplifier tube has to be paid for in power
taken from the source of plate voltage and
current. In fact, there is always more power
going into the plate circuit of the tube than is
coming out as useful output. The difference
between the input and output power is used up
in heating the plate of the tube, as explained
previously. The ratio of useful power output
to d.c. plate input is called the plate efficiency.
The higher the plate efficiency, the greater the
amount of power that can be taken from a tube
having a fixed plate-dissipation rating.
Parallel and Push- Pull

Signal

Fig. .3.11— An elementary power-amplifier circuit in
which the power-consuming load is coupled to the plate
circuit through an impedance-matching transformer.
Fig. 3-11 shows an elementary power-amplifier
circuit. It is simply atransformer-coupled amplifier with the load connected to the secondary.
Although the load is shown as a resistor, it
actually would be some device, such as a loudspeaker, that employs the power usefully. Every
power tube requires a specific value of load
resistance from plate to cathode, usually some
thousands of ohms, for optimum operation. The
resistance of the actual load is rarely the right
value for "matching" this optimum load resistance, 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.

When it is necessary 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 ill the grid circuit, the grid power
required is in proportion to the number of tubes
used.
An increase in power output also can be
secured by connecting two tubes in push-pull.
In this case the grids and plates of the two
tubes are connected to opposite ends of abalanced
circuit as shown in Fig. 3-12. At any instant the
ends of the secondary winding of the input
transformer, 7'1, will be at opposite polarity
with respect to the cathode connection, so the
grid of one tube is swung positive at the same
instant that the grid of the other is swung
negative. Hence, in any push-pull-connected
amplifier the voltages and currents of one tube
are out of phase with those of the other tube.
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Fig. 3-12 — Parallel and push-pull a.f. amplifier circuits.
In push-pull operation the evenharmonie
(second, fourth, etc.) distortion is balanced out
in the plate circuit. This means that for the
same power output the distortion will be less
than with parallel operation.
The exciting voltage measured between the
two grids must be twice that required for one
tube. If the grids consume power, the driving
power for the push-pull amplifier is twice that
taken by either tube alone.
Cascade Amplifiers
It is readily possible to take the output of one
amplifier and apply it as a signal on the grid of
a second amplifier, then take the second amplifier's output and apply it to a third, and so on.
Each amplifier is called a stage, and a number
of stages used successively are said to be in
cascade.

more, the d.c. plate current of a Class B amplifier is proportional to the signal voltage on
the grids, so the power input is small with small
signals. The d.c. plate power input to a Class A
amplifier is the same whether the signal is large,
small, or absent altogether; therefore the maximum input that can be applied to a Class A
amplifier is equal to the rated plate dissipation
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 B amplifier usually is operated in
such a way as to secure the maximum possible
power output. This requires rather large values
of plate current and to obtain them the grids
must be driven positive with respect to the
cathode ( luring at least part of the cycle, so grid
current flows and the grid circuit consumes
power. While the power requirements are fairly
low (as compared with the power output), the
fact that the grids are positive during only part
of the cycle means that the load on the preceding
amplifier or driver stage varies in magnitude
during the cycle; the effective load resistance is
high when the grids are not drawing current and
relatively low when they do take current. This
must be allowed for when designing the driver.
Certain types of tubes have been designed
specifically for Class 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. Because there is no fixed bias, the grids
start drawing current immediately whenever a
signal is applied, so the grid-current flow is
continuous throughout the cycle. This makes the
load on the driver much more constant than is
the case with tubes of lower M biased to platecurrent cut-off.
Class B amplifiers used at radio frequencies
are known as linear amplifiers because they are

Class B Amplifiers
Fig. 3-13 shows two tubes connected in a
push-pull circuit. If the grid bias is set at the
point where ( when no signal is applied) the
plate current is just cut off, then a signal can
cause plate current to flow in either tube only
when the signal voltage applied to that particular tube is positive. Since in the balanced
grid circuit, the signal voltages on the grids of
the two tubes always have opposite polarities,
plate current flows only in one tube at atime.
The graphs show the operation of such an
amplifier. The plate current of tube B is drawn
inverted to show that it flows in the opposite
direction, through the primary of the output
transformer, to the plate current of tube A.
Thus each half of the output-transformer primary works alternately to induce a half-cycle
of voltage in the secondary. In the secondary
of T2, the original waveform is restored. This
type of operation is called Class B amplification.
The Class B amplifier is considerably more
efficient than the Class A amplifier. Further-
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Fig. 3-13 — Class B amplifier operation.
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adjusted to operate in such away that the power
output is proportional to the square of the r.f.
exciting voltage. This permits amplification of
amodulated r.f. signal without distortion. Pushpull is not required in this type of operation; a
single tube can be used equally well.
Class AB Amplifiers
A Class AB amplifier is 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 A amplifiers, and the plate current is the same with or
without signal. At higher signal levels, the plate
current of one tube is cut off during part of the
negative cycle of the signal applied to its grid,
and the plate current of the other tube rises with
the signal. The plate current for the whole
amplifier also rises above the no-signal level
when alarge signal is applied.
In a properly-designed Class AB amplifier
the distortion is as low as with a Class A stage,
but the efficiency and power output are considerably higher than with pure Class A operation. A Class AB amplifier can be operated
either with or without driving the grids into
the positive region. A Class AB' amplifier is
one in which the grids are never positive with
respect to the cathode; therefore, no driving
power is required — only voltage. A Class AB 2
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 AB 2 amplifier will deliver somewhat more
power (using the same tubes) but the Class AB
amplifier avoids the problem of designing adriver
that will deliver power, without distortion, into
aload of highly-variable resistance.
Operating Angle
Inspection of Fig. 3-13 shows that either of
the two tubes actually is working for only half
the a.c. cycle and idling during the other half.
It is convenient to describe the amount of time
during which plate current flows in terms of
electrical degrees. In Fig. 3-13 each tube has
"180-degree" excitation, a half-cycle 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 A
amplifier has 360-degree excitation, because plate
current flows during the whole cycle. In a Class
AB 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,
because there is no way for the tube to reproduce
even a half-cycle of the signal on its grid. Using
two tubes in push-pull, as in Fig. 3-13, would
merely put together two distorted half-cycles.
An operating angle of less than 180 degrees

therefore cannot be used if distortionless output
is wanted.
Class C Amplifiers
In power amplifiers operating at radio frequencies distortion of the r.f. waveform is relatively unimportant. For reasons described later
in this chapter, an r.f. amplifier must be operated
with tuned circuits, 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 is increased, because the loss in the plate is proportional, 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. It 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 tube.
The grid is driven well into the positive region,
so that grid current flows and power is consumed
in the grid circuit. The smaller the operating
angle, the greater the driving voltage and the
larger the grid current required to develop full
output in the load resistance. The best compromise between driving power, plate efficiency,
and power output usually results when the
minimum plate voltage (at the peak of the driving cycle, when the plate current reaches its
highest value) is just equal to the peak positive
grid voltage. Under these conditions the operating angle is usually from 150 to 180 degrees and
the plate efficiency lies in the range of 70 to 80
percent. While higher plate efficiencies are possible, attaining them requires excessive driving
power and grid bias, together with higher plate
voltage than is "normal" for the particular tube
type.
With proper design and adjustment, aClass C
amplifier can be made to operate in such a way
that the power input and output are proportional
to the square of the applied plate voltage. This is
an important consideration when the amplifier is
to be plate-modulated for radiotelephony, as
described in the chapter on amplitude modulation.
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FEED-BACK

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 feed-back.
If the voltage that is inserted in the grid circuit is 180 degrees out of phase with the signal
voltage acting on the grid, the feed-back is called
negative, or degenerative. On the other hand, if
the voltage is fed back in phase with the grid
signal, the feed-back is called positive, or regenerative.
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Negative Feed-Back
\1 ith negative feed-back 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 reducing the voltage amplification. That is, a larger
exciting voltage is required for obtaining the
same output voltage from the plate circuit.
The greater the amount of negative feed-back
(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 distortion generated in the plate circuit of the tube
tends to "buck itself out." Amplifiers with negative feed-back are therefore comparatively free
from harmonic distortion. These advantages are
worth while if the amplifier otherwise has enough
voltage gain for its intended use.

Signal

(A)

the grid causes a larger output voltage. The
amplification tends to be greatest at one frequency (depending upon the particular circuit
arrangement) and harmonic distortion is increased. If enough energy is fed back, a selfsustaining oscillation — in which energy at essentially one frequency is generated by the tube
itself — will be set up. In such case all the signal
voltage on the grid can be supplied from the
plate circuit; no external signal is needed because
any small irregularity in the plate current — and
there are always some such irregularities — will
be amplified and thus give the oscillation an
opportunity to build up. Oscillations obviously
would be undesirable in an ordinary audiofrequency amplifier, and for that reason (as well
as the others mentioned above) the use of positive
feed-hark is eon fined to ''oscillators.''

•

INTERELECTRODE CAPACITANCES

Each pair of elements in a tube forms asmall
condenser, with each element acting as a condenser "plate." There are three such capacitances
in atriode — that between the grid and cathode,
that between the grid and plate, and that between the plate and cathode. The capacitances
are very small — only afew micromicrofarads at
most — but they frequently have a very pronounced effect on the operation of an amplifier
circuit.
Input Capacitance

5
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Fig. 3-14 — Simple circuits for producing feed-back.

In the circuit shown at A in Fig. 3-14 resistor
R. is in series with the regular plate resistor, Rp,
and thus is apart of the load for the tube. Therefore, part of the output voltage will appear across
R.. However, 14 also is connected in series with
the grid circuit, and so the output voltage that
appears across Ro 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 circuit shown at B in Fig. 3-14 can be used
to give either negative or positive feed-back. The
secondary of a transformer is connected back
into the grid circuit to insert adesired amount of
feed-back voltage. Reversing the terminals of
either transformer winding (but not both simultaneously) will reverse the phase.

It was explained previously that the a.c. grid
voltage and a.c. plate voltage of an amplifier
having a resistive load are 180 degrees out of
phase, using the cathode of the tube as areference
point. However, these two voltages are in phase
going around the circuit from plate to grid as
shown in Fig. 3-15. This means that their sum is
acting between the grid and plate; that is, across
the grid-plate capacitance of the tube.
As a result, a capacitive current flows around
the circuit, its amplitude being directly proportional to the sum of the a.c. grid and plate
voltages and to the grid-plate capacitance. The
source of grid signal must furnish this amount of
current, in addition to the capacitive current that
flows in the grid-cathode capacitance. Hence the
signal source "sees" an effective capacitance that
is larger than the grid-cathode capacitance. The
greater the voltage amplification the greater this
effective input capacitance. The input capaci-

Ep

Positive Feed-Back
Positive feed-back increases the amplification
because the feed-back voltage adds to the original
signal voltage and the resulting larger voltage on

Fig. 3-15 — The a.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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tance may be as much as several hundred micromicrofarads when the voltage amplification is
large (as with a high-ii tube), even though the
grid-plate and grid-cathode capacitances are only
2or 3µµfd. Such a capacitance is not negligible,
even at audio frequencies, when it is in parallel
with aresistance of 50,000 ohms or more.
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
cannot be used at r.f., for example, because the
reactances of the interelectrode "condensers" are
so low that they practically short-circuit the
input and output circuits and thus the tube is
unable to amplify. This is overcome at radio
frequencies by using tuned circuits for the grid
and plate, making the tube capacitances part of
the tuning capacitances. In this way the circuits
can have the high resistive impedances necessary
for satisfactory amplification.
The grid-plate capacitance is important at
radio frequencies because it is, in effect, a coupling condenser between the grid and plate circuits. Since its reactance is relatively low at r.f.,
it offers apath over which energy can be fed back
from the plate to the grid. In practically every
case the feed-back is in the right phase and of
sufficient amplitude to cause oscillation, so the
circuit becomes useless as an amplifier.
Special "neutralizing" circuits can be used to
prevent feed-back but they are, in general, not
too satisfactory when used in radio receivers.
They are, however, widely used in transmitters.
•

SCREEN GRID TUBES

The grid-plate capacitance can be reduced to a
negligible value by inserting a second grid between the control grid and the plate, as indicated
in Fig. 3-16. The second grid, called the screen
grid, acts as an electrostatic shield to prevent
capacitive coupling between the control grid and
plate. It is made in the form of a grid or coarse
screen so that electrons can pass through it.
Because of the shielding action of the screen
grid, the positively-charged plate cannot attract
plectrons from the cathode as it does in atriode.
In order to get electrons to the plate, it is also
necessary to apply a positive voltage ( with
respect to the cathode) to the screen. The screen
then attracts electrons much as does the plate in
atriode tube. In traveling toward the screen the
electrons acquire such velocity that most of them
shoot between the screen wires and then are
attracted to the plate. A certain proportion do
strike the screen, however, with the result that
some current also flows in the screen-grid circuit.
To be a good shield, the screen grid must be
connected to the cathode through a circuit that
has low impedance at the frequency being amplified. A by-pass condenser from screen grid to
cathode, having a reactance of not more than a
few hundred ohms, is generally used.
A tube having a cathode, control grid, screen
grid and plate (four elements) is called atetrode.

Screen
Grid
Control
Grid
Pla te
Heater
Cathode

Fig. 3-1(i - Representative arrangement of
elements in a screengrid tube, with front part
of plate and screen grid
cut away. In this drawing the control-grid connection is made through
a cap on the top of the
tube, thus eliminating
the capacitance that
%mild exist between the
plate- and grid-lead wires
if both passed through
the base. "Single-ended"
tubes that have both
leads going through the
base use special shielding and construction to
eliminate interlead capacitance.

Pentodes
When an electron traveling at appreciable
velocity through a tube strikes the plate it dislodges other electrons which "splash" from the
plate into the interelement space. This is called
secondary emission. In atriode the negative grid
repels the secondary electrons back into the plate
and they cause no disturbance. In the screen-grid
tube, however, the positively-charged screen
attracts the secondary electrons, causing areverse
current to flow between screen and plate.
To overcome the effects of secondary emission,
a third grid, called the suppressor grid, may be
inserted between the screen and plate. This grid,
which usually is connected directly to the cathode, repels the relatively low-velocity secondary
electrons. They are driven back to the plate
without appreciably obstructing the regular
plate-current flow. A five-element tube of this
type is called apentode.
Although the screen grid in either the tetrode
or pentode greatly reduces the influence of the
plate upon plate-current flow, the control grid
still can control the plate current in essentially
the same way that it does in a triode. Consequently, the grid-plate transconductance (or
mutual conductance) of atetrode or pentode will
be of the same order of value as in atriode of corresponding structure. On the other hand, since
the plate voltage has very little effect on the
plate-current flow, 15)th the amplification factor
and plate resistance of a pentode or tetrode are
very high. In small receiving pentodes the amplifieation 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 apentode stage.
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In practical screen-grid tubes the grid-plate
capacitance is only a small fraction of a micromicrofarad. This capacitance is too small to cause
an appreciable increase in input capacitance as
described in the preceding section, so the input
capacitance of a screen-grid tube is simply the
sum of its grid-cathode capacitance and controlgrid-to-screen capacitance. The output capacitance of ascreen-grid tube is equal to the capacitance between the plate and screen.

Variable-1 tube
1200

Sharp cut-off tube

Pentode R.F. Amplifier
Fig. 3-17 shows a simplified form of r.f. amplifier circuit using a pentode tube. Radiofrequency energy in the small coil coupled to L1
is built up in voltage in the tuned circuit, Le'',
when LiC Iis tuned to resonance with the frequency of the incoming signal. The voltage that
appears across LAC' is applied to the grid and
cathode of the tube and is amplified by the tube.
A second resonant circuit, L2C2, is the load for the
plate of the tube, its parallel impedance being
high because it is tuned to resonance with the
frequency applied to the grid. R.f. output can be
taken from the coil coupled to L2. The screengrid voltage is obtained from a tap on the plate
battery; most tubes are designed for operation
with the screen voltage considerably lower than
the plate voltage. In this circuit the batteries are
assumed to have low impedance for the r.f. current; in a practical circuit, by-pass condensers
would be used to make sure that the impedances
of the return paths are so low as to be negligible.
Audio Amplification
In addition to their applications as radiofrequency amplifiers, pentode or tetrode screengrid tubes also can be constructed for audiofrequency power amplification. In tubes designed
for this purpose the chief function of the screen
is to serve as an accelerator of the electrons, so
that large values of plate current can be drawn
at relatively low plate voltages. Such tubes have
quite high power sensitivity compared with
triodes of the same power output, although harmonic distortion is somewhat greater.
Beam Tubes
A beam tetrode is a four-element screen-grid
tube constructed in such away that the electrons
are formed into concentrated beams on their way
to the plate. Additional design features overcome
the effects of secondary emission so that a suppressor grid is not needed. The "beam" construction makes it possible to draw large plate

Fig. 3-17 — Simplified pentode r.f.-amplifier circuit.
LICI and L2C2 are tuned to the same frequency.
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Fig. 3- 18— Curves showing the relationship between
mutual conductance and negative grid bias for two
small receiving pentodes, one asharp cut-off type and
the other avariable.» type.
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 pentode type because large power
outputs can be secured with very small amounts
of grid driving power. The circuits with which
they are used are practically identical with those
used for pentodes.
Variable-p Tubes
The mutual conductance of a vacuum tube
decreases with increasing negative grid bias, 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 bia.s. This method of gain control is universally used in radio-frequency amplifiers designed for receivers. Some means of controlling
the r.f. gain is essential in a receiver having a
number of amplifiers, because of the wide range
in the strengths of the incoming signals.
The ordinary type of tube has what is known
as a sharp cut-off characteristic. The mutual
conductance decreases at a uniform rate as the
negative bias is increased, as shown in Fig. 3-18.
The amount of signal voltage that such a tube
can handle without causing distortion is not
sufficient to take care of very strong signals. To
overcome this, some tubes are made with a
variable-p characteristic (that is, the amplification factor changes with the grid bias), resulting
in the type of curve shown in Fig. 3-18. The
variable-a tube can handle a much larger signal
than the sharp cut-off type before the signal
swings either beyond the zero grid-bias point or
the plate-current cut-off point.
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•OTHER TYPES OF AMPLIFIERS
in the amplifier circuits so far discussed, the
signal has been applied between the grid and
cathode and the amplified output has been taken
from the plate-to-cathode circuit. That is, the
cathode has been the meeting point for the input
and output circuits. However, it is possible to use
any one of the three principal elements as the
common point. This leads to two different kinds
of amplifiers, commonly called the grounded-grid
amplifier (
or grid-separation circuit) and the
cathode follower.

Fig. 3-19— In the
upper circuit, the
grid is the junction
point between the
input and output
circuits. In the
lower drawing, the
plate is the junction. In either case
the output is developed in the load
resistor, R, and
may be coupled to
afollowing amplifier by the usual
methods.

Signal

iii I
GROUNDED- GRID AMPLIFIER

Signal

CATHODE F
OLLOWER
These two circuits are shown in simplified form
in Fig. 3-19. In both circuits the resistor it represents the load into which the amplifier works;
the actual load may be resistance-capacitancecoupled, transformer-coupled, may be a tuned
circuit if the amplifier operates at radio frequencies, and so on. Also, in both circuits the
batteries that supply grid bias and plate power
are assumed to have such negligible impedance
that they do not enter into the operation of the
circuits.
Grounded- Grid Amplifier
In the grounded-grid amplifier the input signal
is applied between the cathode and grid, and the
output is taken between the plate and grid. The
grid is thus the common element. The plate current ( including the a.c. component) has to flow
through the signal source to reach the cathode.
This source always has appreciable impedance,
and the alternating plate current causes avoltage
drop that is out of phase with the signal and the
circuit is therefore degenerative. Also, since the
source of signal is in series with the load through
the plate-to-cathode resistance of the tube, some
of the power in the load is supplied by the signal
source. The result is that the signal source is
called upon to furnish a considerable amount of
power.
The grounded-grid amplifier finds its chief application at v.h.f. and u.h.f., where the more conventional amplifier circuit fails to work properly.
With a triode tube designed for this type of
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operation, an r.f. amplifier can be built that is
free from the type of feed-back that causes
oscillation. This requires that the grid act as a
shield between the cathode and plate, reducing
the plate-cathode capacitance to avery low value.
Ca th ode Follower
The cathode follower uses the plate of the tube
as the common element. The input signal is applied between the grid and plate (assuming
negligible impedance in the batteries) and the
output is taken from between cathode and plate.
This circuit, like the grounded-grid amplifier, is
degenerative; in fact, all of the output voltage is
fed back into the input circuit. The input signal
therefore has to be larger than the output
voltage; that is, the cathode follower gives aloss
in voltage, although it gives the same power gain
as other circuits.
The cathode follower has very high input impedance ( impedance between grid and ground)
and its output impedance is very low. (The large
amount of negative feed-back has the effect of
greatly reducing the plate resistance of the tube.)
These two characteristics are valuable in an amplifier that must work over a very wide range of
frequencies. Also, the high input impedance and
low output impedance can be used to obtain an
impedance step-down over wide ranges of frequencies that could not possibly be covered by a
transformer. The cathode follower is useful both
ataudio and radio frequencies.

•CATHODE CIRCUITS AND GRID BIAS
Most of the equipment used by amateurs is
powered by the a.c. line. This includes the filaments or heaters of vacuum tubes. Although
supplies for the plate (and sometimes the grid)
are usually rectified and filtered to give pure d.c.
— that is, direct current that is constant and
without a superimposed a.c. component — the
relatively large currents required by filaments
and heaters usually make a rectifier-type d.c.
supply impracticable.
Filament Hum
Alternating current is just as good as direct
current from the heating standpoint, but some of
the a.c. voltage is likely to get on the grid and
cause a low-pitched "a.c. hum" to be superimposed on the output.
Hum troubles are worst with directly-heated
cathodes or filaments, because with such cathodes
there has to be a direct connection between the
source of heating power and the rest of the circuit. The hum can be minimized by either of the
connections shown in Fig. 3-20. In both cases the
grid- and plate-return circuits are connected to
the electrical midpoint (
center-tap) of the filament supply. Thus, so far as the grid and plate
are concerned, the voltage and current on one
side of the filament are balanced by an equal and
opposite voltage and current on the other side.
The balance is never quite perfect, however, so
filament-type tubes are never completely hum-
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purpose). At radio frequencies, capacitances of about 100 japfd. to 0.1
dd. are used; the small values are
sufficient at very high frequencies and
(Ed
the largest at low and medium fre(A)
quencies. In the range 3 to 30 megaGrid
R
P
e
l
l
a
u
t
r
e
n cycles a capacitance of 0.01 eofd. is
Return
Grid
Plate
satisfactory.
Return
Return
The value of cathode resistor for
an amplifier having negligible d.c. resistance in its plate circuit (transformer or impedance coupled) can easily
be calculated from the known operaFig. 3-20 — Filament center.tapping methods for use witl directlyting conditions of the tube. The
heated tubes.
proper grid bias and plate current
free. For this reason directly-heated filaments are
always are specified by the manufacturer. Knowemployed for the most part in power tubes,
ing these, the required resistance can be found
where the amount of hum introduced is exby applying Ohm's Law.
tremely small in comparison to the power-output
Example: It is found from tube tables that the
level.
tube to be used should have a negative grid bias
With indirectly-heated cathodes the chief
of 8 volts and that at this bias the plate current
will be 12 milliamperes (0.012 amp.). The reproblem is the magnetic field set up by the heater.
quired cathode resistance is then
Occasionally, also, there is leakage. between the
E
8
heater and cathode, allowing asmall a.c. voltage
R = — = — = 667 ohms.
0.012
to get to the grid. If hum appears, grounding one
The nearest standard value, 680 ohms, would be
side of the heater supply usually will help to
close enough. The power used in the resistor is
reduce it, although sometimes better results are
P = El = 8 X 0.012 = 0.096 watt.
obtained if the heater supply is center-tapped
A g-watt or 3-watt resistor would have ample
and the center-tap grounded, as in Fig. 3-20.
rating.
Ca th ode

Bias

In the simplified amplifier circuits discussed in
this chapter, grid bias has been supplied by a
battery. However, in equipment that operates
from the power line cathode bias is the type
commonly used.
The cathode-bias method uses aresistor (cathode resistor) connected in series with the cathode,
as shown at R in Fig. 3-21. The direction of platecurrent flow is such that the end of the resistor
nearest the cathode is positive. The voltage drop
across R therefore places anegative voltage on the
grid. This negative bias is obtained from the
steady d.c. plate current.
If the alternating component of plate current
flows through R when the tube is amplifying, the
voltage drop caused by the a.c. will be degenerative (note the similarity between this circuit and
that of Fig. 3-14A). To prevent this the resistor
is by-passed by a condenser, C, that has very
low reactance compared with the resistance of R.
Depending on the type of tube and the particular
kind of operation, R may be between about 100
and 3000 ohms. For good by-passing at the low
audio frequencies, C should be 10 to 50 microfarads (electrolytic condensers are used for this

Signal

Plate
Voltage
Fig. 3-21— Cathode biasing. R is the cathode resis.
tor and C is the cathode by-pass condenser.

The current that flows through R is the total
cathode current. In an ordinary triode amplifier
this is the same as the plate current, but in a
screen-grid tube the cathode current is the sum of
the plate and screen currents. Hence these two
currents must be added when calculating the
value of cathode resistor required for a screengrid tube.
Example: A receiving pentode requires 3 volts
negative bias. At this bias and the recommended
plate and screen voltages, its plate current is 9
ina, and its screen current is 2 ma. The cathode
current is therefore 11 ma. (0.011 amp.). The
required resistance is
R = E
—
I

=3 = 272 ohms.
0.011

A 270-ohm resistor would be satisfactory. The
power in the resistor is
P = El = 3 X 0.011 = 0.033 watt.

The cathode-resistor method of biasing is selfregulating, because if the tube characteristics
vary slightly from the published values (as they
do in practice) the bias will increase if the plate
current is slightly high, or decrease if it is slightly
low. This tends to hold the plate current at the
proper value.
Calculation of the cathode resistor for a resistance-coupled amplifier is ordinarily not practicable by the method described above, because
the plate current in such an amplifier is usually
much smaller than the rated value given in the
tube tables. However, representative data for the
tubes commonly used as resistance-coupled
amplifiers are given in the chapter on audio
amplifiers, including cathode-resistor values.

66

CHAPTER 3
Screen Supply

In practical circuits using tetrodes and pentodes the voltage for the screen frequently is
taken from the plate supply through aresistor. A
typical circuit for an r.f. amplifier is shown in
Fig. 3-22. Resistor R is the screen dropping
resistor, and C is the screen by-pass condenser.

multiunit tubes made up of individual tubeelement structures, combined in asingle bulb for
compactness and economy.
Among the simplest multipurpose types are
full-wave rectifiers, combining two diodes in one
envelope, and twin triodes, consisting of two
triodes in one bulb. More complex types include
duplex-diode triodes (two diodes and a triode in
one structure), duplex-diode pentodes, converters and mixers ( for superheterodyne receivers), combination power tubes and rectifiers,
and so on.

Signal

Mercury- Vapor Rectifiers

— Plate Voltage +

Fig. 3-22 — Screen-voltage supply for a pentode tube
through a dropping resistor, R. The screen by-pass

condenser, C, must have low enough reactance to bring
the screen to ground potential for the frequency or
frequencies being amplified.

In flowing through R, the screen current causes
avoltage drop in I? that reduces the plate-supply
voltage to the proper value for the screen. When
the plate-supply voltage and the screen current
are known, the value of R can be calculated from
Ohm's Law.
Example: An r.f. receiving pentode has arated
screen current of 2 milliamperes (0.002 amp.) at
normal operating conditions. The rated screen
voltage is 100 volts, and the plate supply gives
250 volts. To put 100 volts on the screen, the
drop across R must be equal to the difference
between the plate-supply voltage and the screen
voltage; that is, 250 — 100 =- 150 volts. Then
R

E
150
= =
= 743,000 ohms.
/
0.002

The power to be dissipated in the resistor is
P = El = 150 X 0.002 = 0.3 watt.
A 3¡.- or 1-watt resistor would be satisfactory.

The reactance of the screen by-pass condenser,
C, should be low compared with the screen-tocathode impedance. For radio-frequency applications a capacitance of 0.01 pfd. is amply large.
In some circuits the screen voltage is obtained
from avoltage divider connected across the plate
supply. The design of voltage dividers is discussed in the chapter on Power Supplies.

•

SPECIAL TUBE TYPES
Multipurpose Tubes

"Combination" tubes are available to perform
more than one function, particularly in receiver
circuits. For the most part these are simply

For a given value of plate current, the power
lost in a diode rectifier will be reduced if it is
possible to decrease the voltage drop from plate
to cathode. A small amount of mercury in the
tube will vaporize when the cathode is heated
and, further, will ionize when plate voltage at
least equal to acertain minimum value (ionizing
voltage) is applied. The positive ions neutralize
the space charge and reduce the plate-cathode
voltage drop to a practically constant value of
about 15 volts, regardless of the value of plate
current.
Since this voltage drop is smaller than can be
attained with purely thermionic conduction,
there is less power loss in amercury-vapor rectifier than in a vacuum rectifier. Also, the voltage
drop in the tube is constant despite variations in
load current. Mercury-vapor tubes are widely
used in rectifiers built to deliver large power
output ,
:.
Grid- Control Rectifiers
If agrid is inserted in amercury-vapor rectifier
it is found that, with sufficient negative grid bias,
it is possible to prevent plate current from flowing. However, this is true only if the bias is
present before plate voltage is applied. If, after
applying plate voltage, the bias is lowered to the
point where plate current can flow, the mercury
vapor will ionize and the grid will lose control of
plate current, because the space charge disappears when ionization occurs. The grid can
assume control again only after the plate voltage
is reduced below the deionizing voltage, which is
somewhat less than the plate-cathode voltage
drop during plate-Current flow.
The same phenomenon also occurs in triodes
filled with other gases that ionize at low pressure.
Grid-control rectifiers or thyratrons find considerable application in "electronic switching,"
and in timing devices. Both triode and tetrode
types are manufactured.

Oscillators
It was mentioned earlier in this chapter that if
there is enough positive feed-back in an amplifier
circuit, self-sustaining oscillations will be set up.
When an amplifier is arranged so that this condition exists it is called an oscillator.
Oscillations normally take place at only one
frequency, and adesired frequency of oscillation

can be obtained by using aresonant circuit tuned
to that frequency. For example, in Fig. 3-23A
the circuit LC is tuned to the desired frequency
of oscillation. The cathode of the tube is connected to atap on coil L and the grid and plate
are connected to opposite ends of the tuned circuit. When an r.f. current flows in the tuned
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circuit there is a voltage drop across L that increases progressively along the turns. Thus if the
top end of L is positive at some instant the bottom end will be negative, and the point at which
the tap is connected will be at an intermediate
potential. The amplified current in the plate
circuit, which flows through the bottom section of
L, is in phase with the current already flowing in
the circuit and thus in the proper relationship for
positive feed-back.
The amount of feed-back depends on the position 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 feed-back to sustain oscillation, and if it is too near the plate end the impedance between the cathode and plate is too
small to permit good amplification. Maximum
feed-back usually is obtained when the tap is
somewhere near the center of the coil.
The circuit of Fig. 3-23A is parallel-fed, Cb
being the blocking condenser. The value of Cb
is not critical so long as its reactance is low (a
few hundred ohms) at the operating frequency.

(
A)

HARTLEY CIRCUIT

67

few thousand to several hundred thousand ohms.
The capacitance of Cg should be large enough to
have low reactance (afew hundred ohms) at the
operating frequency.
The circuit shown at B in Fig. 3-23 uses the
voltage drops across two condensers in series in
the tuned circuit to supply the feed-back. Other
than this, the operation is the same as just
described. The feed-back can be varied by varying the ratio of the reactances of C1 and C2 ( that
is, by varying the ratio of their capacitances).
Another type of oscillator, called the tunedplate tuned-grid circuit, is shown in Fig. 3-24.
Resonant circuits tuned approximately to the
same frequency are connected between grid and
cathode and between plate and cathode. The two
coils, L1 and L2 are not magnetically coupled.
The feed-back is through the grid-plate capacitance of the tube, and will be in the right phase
to be positive when the plate circuit, C2/, 2,is
tuned to a slightly higher frequency than the
grid circuit, Lei. The amount of feed-back can
be adjusted by varying the tuning of either circuit. The frequency of oscillation is determined
by the tuned circuit that has the higher Q. The
grid leak and grid condenser have the same
functions as in the other circuits. In this case it is
convenient to use series feed for the plate circuit,
so Cb is a by-pass condenser to guide the r.f.
current around the plate supply.
There is a wide variety of oscillator circuits,
some using two or more tubes, but the basic
feature of all of them is that there is positive
feed-back in the proper amplitude to sustain
oscillation.
Oscillator Operating Characteristics

Plate Voltage

(
B)

COLPITTS CIRCUIT
Fig. 3-23 — Basic oscillator circuits. Feed-back voltage
is obtained by tapping the grid and cathode across a
portion of the tuned circuit. In the Hartley circuit the
tap is on the coil, but in the Colpitts circuit the voltage
is obtained from the drop across acondenser.
Condenser Cg is the grid condenser. It and R.
(the grid leak) are used for the purpose of obtaining grid bias for the tube. In practically all
oscillator circuits the tube generates its own bias.
During the part of the cycle when the grid is
positive with respect to the cathode, it attracts
electrons. These electrons cannot flow through L
back to the cathode because Cg "blocks" direct
current. They therefore have to flow or " leak"
through R. to cathode, and in doing so cause a
voltage drop in R. that places anegative 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 gridleak resistance required depends upon the kind
of tube used and the purpose for which the oscillator is intended. Values range all the way from a

When an oscillator is delivering power to a
load, the adjustment for proper feed-back will
depend on how heavily the oscillator is loaded
— that is, how much power is being taken from
the circuit. If the feed-back is not large enough —
grid excitation too small — a small increase in
load may tend to throw the circuit out of oscillation. On the other hand, too much feed-back
will make the grid current excessively high,
with the result that the power loss in the grid
circuit is larger than necessary. Since the oscillator itself supplies this grid power, excessive
feed-back lowers the over-all efficiency because
whatever power is used in the grid circuit is not
available as useful output.
One of the most important considerations in
oscillator design is frequency stability. The principal factors that cause achange in fl•equency are
(1) temperature, (2) plate voltage, (3) loading,
(4) mechanical variations of circuit elements.
Temperature changes will cause vacuum-tube
elements to expand or contract slightly, thus
causing variations in the interelectrode capacitances. Since these are unavoidably part
of the tuned circuit, the frequency will change
correspondingly. Temperature changes in the
coil or condenser will alter their inductance or
capacitance slightly, again causing a shift in
the resonant frequency. These effects are rela-
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tively slow in operation, and the frequency
change caused by them is called drift.
A change in plate voltage usually will cause
the frequency to change a small amount, an
effect called dynamic instability. Dynamic instability can be reduced by using atuned circuit
of high effective Q. Since the tube and load
represent a relatively low resistance in parallel
with the circuit, this means that alow L/C ratio
(high-C) must be used and that the circuit should
be lightly loaded. A high value of grid leak resistance also is helpful because it increases the
grid bias and raises the effective resistance of
the tube as seen by the tank circuit. Using
relatively high plate voltage and low plate
current also is desirable.
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
vibration, cause changes in inductance and/
or capacitance that in turn cause the frequency
to "wobble" in step with the vibration.
Methods of minimizing frequency variations
in oscillators are taken up in detail in later
chapters.
Ground Point
In the oscillator circuits shown in Figs. 3-23
and 3-24 the cathode is connected to ground.
It is not actually essential that the radio-

Plate
Voltage

Fig. 324 — The tuned-plate tuned-grid oscillator.
frequency circuit should be grounded at the
cathode; in fact, there are many times when
an r.f. ground on some other point in the circuit
is desirable. The r.f. ground can be placed at
any point so long as proper provisions are
made for feeding the supply voltages to the
tube elements.
Fig. 3-25 shows the Hartley circuit with the
plate end of the circuit grounded. No r.f. choke is
needed in the plate circuit because the plate already is at ground potential and there is no r.f.
to choke off. All that is necessary is a by-pass
condenser, CI, across the plate supply. Direct
current flows to the cathode through the lower
part of the tuned-circuit coil, L. An advantage of
such a circuit is that the frame of the tuning
condenser can be grounded.
Tubes having indirectly-heated cathodes are
more easily adaptable to circuits grounded at
other points than the cathode than are tubes
having directly-heated filaments. With the
latter tubes special precautions have to be
taken to prevent the filament from being bypassed to ground by the capacitance of the
filament-heating transformer.

—

Plate Voltage

Fig. 3-25— Showing how the plate may be grounded
for ri. in a typical oscillator circuit ( Hartley).
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NEGATIVE- RESISTANCE
OSCILLATORS

a tuned circuit could be built without resistance, a small amount of energy introduced
into the circuit would start an oscillation that
would continue indefinitely. It would do so
because, in a circuit having no power losses,
the power never diminishes and therefore is
always available to keep the oscillation going.
Of course, such acircuit cannot be built.
However, it was explained in an earlier chapter that a resonant circuit has a definite value
of parallel impedance at resonance, and that
that impedance is a pure resistance. If we could
connect across the circuit a value of "negative"
resistance equal to the parallel resistance of the
circuit, the negative resistance would cancel
the "positive" (real) resistance of the circuit
and we would have a circuit that is, in effect,
without resistance.
A negative resistance is one having the opposite characteristics to real or positive resistance. In a negative resistance the current
increases when the voltage is decreased, and
vice versa. Also, a negative resistance does not
consume power; it generates it. Under certain
conditions a vacuum tube can be made to operate like a negative resistance, and thus can
be connected to atuned circuit to set up oscillations. Two circuits for doing this are shown in
Fig. 3-26.

(A)

(B)

Fig. 3-26 — Negative-resistance oscillator circuits. A,
dynatron; B, transitron.

VACUUM-TUBE PRINCIPLES
The circuit at A is called the dynatron oscillator. It functions because of the secondary
emission from the plate that occurs in certain
types of screen-grid tetrodes. It makes use of
the fact that, at certain values of screen voltage,
the plate current of a screen-grid tetrode decreases when the plate voltage is increased.
This gives a negative plate-resistance characteristic.
In Fig. 3-26B, negative resistance is produced by virtue of the fact that, if the suppressor grid of a pentode is given negative bias,
electrons that normally would pass through the
suppressor to the plate are turned back to the
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screen, thus increasing the screen current and
reversing normal tube action. The negative resistance produced between the screen and suppressor grids is sufficiently low so that ordinary
tuned circuits will oscillate readily up to 15
Mc. or so. This circuit is known as the transitron.
For most amateur applications, negativeresistance oscillators do not have enough advantages to bring them into wide use. Feed-back
oscillators are generally more adaptable to wide
frequency ranges, can generate more power,
and are more readily adjusted to meet varying
conditions. The transitron oscillator is used
occasionally in measuring equipment.

CHAPTER 4

High-Frequency
Communication
Much of the appeal of amateur communication on the high frequencies lies in the fact that
the results are not always predictable. Transmission conditions on the same frequency vary with
the year and even with the time of day. Although
t
tieso variations usually follow certain established
cycles, many peculiar effects can be observed
from time to time. Every radio amateur should
have some understanding of the known facts
about radio wave propagation so that he will
stand some chance of interpreting the unusual

conditions when they occur. The observant amateur is in an excellent position to make worthwhile contributions to the science, provided he
has sufficient background to understand his results. He may discover new facts about propagation at the very-high frequencies or in the
microwave region, as amateurs have in the past.
In fact, it is through amateur efforts that most
of the extended-range possibilities of various
radio frequencies have been discovered, either
through accident or long and careful investigation.

What To Expect on the Various Amateur Bands
The 1.8- Me., or " 160-meter," band offers reliable working over ranges up to 25 miles or so
during daylight. On winter nights, ranges up to
several thousand miles are not impossible. Only
small sections of the band are currently available
to amateurs, because of the presence of the loran
service in that part of the spectrum. The pulsetype interference sometimes caused by loran can
be readily eliminated by using an audio limiter
in the receiver.
The 3.5- Me., or " 80-meter," band is a more
useful band during the night than during the
daylight hours. In the daytime, one can seldom
hear signals from a distance of greater than 200
miles or so, but during the darkness hours distances up to several thousand miles are not unusual, and transoceanic contacts are regularly
made during the winter months. During the
summer, the static level is high in some parts of
the world. Low power and simple antennas can
be used with good results.
The 7- Me., or " 40-meter," band has many of
the same characteristics as 3.5, except that the
distances that can be covered during the day and
night hours are increased. During daylight, distances up to a thousand miles can be covered
under good conditions, and during the dawn and
dusk periods in winter it is possible to work stations as far as the other side of the world, the
signals following the darkness path. The winter
months are somewhat better than the summer
ones. For work over moderate distances asimple
antenna will suffice, but long-distance results will

be improved in proportion to the effectiveness of
the antenna system. In general, summer static
is much less of a problem than on 80 meters,
although it can be serious in the semitropical
zones.
The 14-Me., or " 20-meter," band is probably
the best one for long-distance work. During portions of the sunspot cycle (discussed later in this
chapter) it is open to some part of the world
during practically all of the 24 hours, while at
other times it is generally useful only during
daylight hours and the dawn and dusk periods.
Effective antennas are more necessary than on
the lower frequencies, but many amateurs enjoy
excellent results with simple antennas and low
power. Automobile ignition and other types of
man-made interference begin to be a problem
on this band.
The 28- Me, band is generally considered to be
a DX band during the daylight hours and good
for local work during the hours of darkness,
although at the peak of the sunspot cycle, the
band is " open" into the late evening hours for
DX communication. At the sunspot minimum
the 28- Me, band is usually " dead" for longdistance communication in the northern latitudes. However, it is often possible to maintain
communication over distances up to 1500 miles
or so by " sporadic E" ionization (described
later), which may occur either day or night and
at any time in the sunspot cycle. High-performance antennas are a necessity for best results on
this band.

Characteristics of Radio Waves
Radio waves are basically of the same nature
as light and heat, which also are forms of electromagnetic radiation. The principal difference
is in the wavelength, which in the case of radio

waves is much greater than the wavelengths of
light or heat. However, all three types of radiation travel at the same speed (300,000,000 meters
per second) in free space, and have similar prop70
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erties in that they all can be reflected, refracted,
and diffracted.
As described in the chapter on fundamentals,
an electromagnetic wave is composed of moving
fields of electric and magnetic force. The lines of
force in the two fields are at right angles, and are
mutually perpendicular to the direction of travel.
A simple representation of a wave is shown in
Fig. 4-1. In this drawing the electric lines are
perpendicular to the earth and the magnetic lines
are horizontal. They could, however, have any
position with respect to earth so long as they
remain perpendicular to each other.

Electric lines of Force
/ 1

Magnetic
lines of
Force
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travel through adielectric with ease) because the
electric lines of force are practically shortcircuited.
Reflection
A light ray traveling through air of uniform
characteristics goes in a straight line, but when
it meets some object having different properties
its path is shifted. If the "discontinuity" is sufficiently great in extent, as compared with the
wavelength of light, and if the change in properties is abrupt, the ray may be reflected. The
discontinuity may be either a change in the dielectric constant or the conductivity of the
medium. Similarly, aradio wave will be reflected
under comparable conditions. However, the discontinuity set up by the reflecting object must
at least be comparable with the wavelength in
size, to cause reflection of radio waves. Nevertheless, objects as small as an airplane, a tree, or
even a man's body will reflect waves a few feet
long and less.
Refraction

Fig. 4-1 — Representation of electrostatic and electromagnetic lines of force in a radio wave. Arrows indicate
instantaneous directions of the fields for a wave traveling toward the reader. Reversing the direction of one
set of lines would reverse the direction of travel.

The plane containing the continuous lines of
electric and magnetic force shown by the grid- or
mesh-like drawing in Fig. 4-1 is called the wave
front.
Polarization
The polarization of a radio wave is taken as
the direction of the lines of force in the electric
field. If the electric lines are perpendicular to the
earth, the wave is said to be vertically polarized;
if parallel with the earth, the wave is horizontally polarized. The longer waves, when traveling
along the ground, usually maintain their polarization in the same plane as was generated at the
antenna. The polarization of shorter waves may
be altered during travel, however, and sometimes
will vary quite rapidly.
Medium of Propagation
The medium in which electromagnetic waves
travel has a marked influence on the speed with
which they move. When the medium is empty
space the speed, as stated above, is 300,000,000
meters per second. It is almost, but not quite,
that great in air, and is much less in some other
substances. In dielectrics, for example, the speed
is inversely proportional to the dielectric constant of the material.
When a wave meets a good conductor it cannot penetrate it to any extent (although it will

When awave meets adiscontinuity that it can
penetrate, the change in speed causes its path to
be deflected, if it enters at any angle other than the
perpendicular to the surface of the new medium.
That part of the wave front that enters the new
medium first travels at the new speed before the
trailing part of the wave front enters, and so the
wave as a whole is swung around or refracted.
The new direction depends on the difference in
speed in the two media, and on the wavelength.
Wave "bending" by refraction is the mechanism
by which long-distance communication at high
frequencies is possible. The medium in which the
bending takes place is an ionized region, called
the ionosphere, in the upper atmosphere. The
composition and properties of the ionosphere are
discussed later in this chapter.
Diffraction
When a wave grazes the edge of an object in
passing, it tends to be bent around that edge.
This effect, called diffraction, results in a diversion of part of the energy of those waves which
normally follow a straight path, so they may be
received at some distance below the summit of
an obstruction or around its edges.
Spreading
The field intensity of a wave is inversely proportional to the distance from the source. Thus
if one receiving point is twice as far from the
transmitter as another, the field strength at the
more distant point will be just half the field
strength at the nearer point. This results from
the fact that the energy in the wave front must
be distributed over a greater area as the wave
moves away from the source. This inverse-distance law is based on the assumption that there
is nothing in the medium to absorb energy from
the wave as it travels, which is true in free space
but not in practical communication along the
ground and through the atmosphere.
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CHAPTER 4
Types of Propagation

According to the altitude of the paths along
which they are propagated, radio waves may
be classified as ionospheric waves, tropospheric
waves or ground waves.
The ionospheric wave or sky wave is that part
of the total radiation that is directed toward the
ionosphere. Depending upon variable conditions
in that region, as well as upon transmitting
wavelength, the ionospheric wave may or may
not be returned to earth by the effects of refraction and reflection.
The tropospheric wave is that part of the total
radiation that undergoes refraction and reflection in regions of abrupt change of dielectric
constant in the troposphere, such as the boundaries between air masses of differing temperature
and moisture content.

•PROPERTIES

The ground wave is that part of the total radiation that is directly affected by the presence of
the earth and its surface features. The ground

Fig. 4-2 — Showing how both direct and reflected
waves may be received simultaneously.
wave has two components. One is the surface
wave, which is an earth-guided wave, and the
other is the space wave (
not to be confused with
the ionospheric or sky wave). The space wave is
itself the resultant of two components — the
direct wave and the ground-reflected wave, as
shown in Fig. 4-2.

Ionospheric Propagation
OF THE IONOSPHERE

Except for distances of a few miles, nearly all
amateur communication on frequencies below
30 Mc. is by means of the sky wave. Upon leaving the transmitting antenna, this wave travels
upward from the earth's surface at such an angle
that it would continue out into space were its
path not bent sufficiently to bring it back to
earth. The medium that causes such bending is
the ionosphere, aregion in the upper atmosphere,
above aheight of about 60 miles, where free ions
and electrons exist in sufficient quantity to have
an appreciable effect on the speed at which the
waves travel.
The ionization in the upper atmosphere is believed to be caused by ultraviolet radiation from
the sun. The ionosphere is not asingle region but
is composed of a series of layers of varying densities of ionization occurring at different heights.
Each layer consists of a central region of relatively dense ionization that tapers off in intensity both above and below.
Refraction and Reflection
The greater the intensity of ionization in a
layer, the more the path of the wave is bent. The
amount of bending also depends on the wavelength; the longer the wave, the more the path is
bent for a given degree of ionization. Thus lowfrequency waves are more readily bent than
those of high frequency. For this reason the lower
frequencies — 3.5 and 7 Mc. — are more " reliable" than the higher frequencies — 14 to 28
Mc.; there are times when the ionization is of
such low value that waves of the latter frequency
range are not bent enough to return to earth.
In addition to refraction, reflection may take
place at the lower boundary of an ionized layer
if the boundary is sharply defined; i.e., if there is
an appréciable change in ionization within a
relatively short interval of travel. For waves
approaching the layer at or near the perpendicular, the change in ionization must take place
within a difference in height comparable with

the wavelength; hence, ionospheric reflection is
more apt to occur at longer wavelengths (lower
frequencies).
Absorption
In traveling through the ionosphere the wave
gives up some of its energy by setting the ionized
particles into motion. The energy absorption
from this cause increases with the wavelength;
that is, absorption is greater at lower frequencies.
It also increases with the intensity of ionization,
and with the density of the atmosphere in the
ionized region.
Ionospheric absorption decreases the strength
of the signal at the receiving point below the
value that would be expected from the normal
spreading of a wave traveling the same distance.
Virtual Height
Although an ionospheric layer is a region of
considerable depth it is convenient to assign to
it a definite height, called the virtual height.
This is the height from which asimple reflection
would give the same effect as the gradual refraction that actually takes place, as illustrated in
Fig. 4-3. The wave traveling upward is bent back
over a path having an appreciable radius of
turning, and a measurable interval of time is
consumed in the turning process. The virtual
height is the height of a triangle having equal
sides of a total length proportional to the time
taken for the wave to travel from T to R.

Yirival
Neifht

Fig. 4-3 — Bending in the ionosphere, and the echo or
reflection method or determining virtual height,
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Normal Structure of the Ionosphere
The area between the end of the useful ground
wave and the beginning of ionospheric-wave reThe lowest useful ionized layer is called the
ception is called the skip zone, and the distance
E layer. The average height of the region of
from the transmitter to the nearest point where
maximum ionization is about 70 miles. The air
the sky wave returns to earth is called the skip
at this height is sufficiently dense so that the
distance. The extent of skip zone depends upon
ions and electrons set free by the sun's radiation
the frequency and the state of the ionosphere,
do not travel far before they meet and recombine
and also upon the height of the layer in which
to form neutral particles, so the layer can mainthe refraction takes place. The higher layers give
tain its normal intensity of ionization only in the
longer skip distances for the same wave angle.
presence of continuing radiation from the sun.
Wave angles at the transmitting and receivHence the ionization is greatest around local
ing points are usually, although not always,
noon and ,practically disappears after sundown.
approximately the same for any given wave
In the daytime there is a still lower ionized
path.
area, the D region. The D-region ionization is
proportional to the height of the
sun and is greatest at noon. Low-frequency waves ( 80 meters) are almost
,
completely absorbed by this layer
• „
/
while it exists, and only the high0
angle radiation is reflected by the E
. I . /
layer. ( Lower-angle radiation travels
/
/s
farther through the D region and is
absorbed.)
lv
The second principal layer is the F
SKIP ZONE
layer, which has a height of about 175
miles at night. At this altitude the air is
7imgent
so thin that recombination of ions and
electrons takes place very slowly, inFig. 4-4 — Refraction of sky waves, showing the critical wave
asmuch as particles can travel relatively
angle and the skip zone. Waves leaving the transmitter at angles
great distances before meeting. The
above the critical ( greater than A) are not bent enough to be returned to earth. As the angle is increased, the waves return to
ionization decreases after sundown,
earth
at increasingly greater distances.
reaching a minimum just before sunrise. In the daytime the F layer splits
into two parts, the Fl and F2 layers, with averCritical and Maximum Usable Frequencies
age virtual heights of, respectively, 140 miles
If the frequency is low enough, a wave sent
and 200 miles. These layers are most highly
vertically to the ionosphere will be reflected back
ionized at about local noon, and merge again at
down to the transmitting point. If the frequency
sunset into the F layer.
is then gradually increased, eventually a frequency will be reached where this vertical reSKY-WAVE PROPAGATION
flection just fails to occur. This is the critical
Wave Angle
frequency for the layer under consideration.
When the operating frequency is below the critThe smaller the angle at which a wave leaves
ical value there is no skip zone.
the earth, the less will be the bending required
The critical frequency is a useful index to the
in the ionosphere to bring it back and, in genhighest frequency that can be used to transmit
eral, the greater the distance between the point
over aspecified distance — the maximum usable
where it leaves the earth and that at which it
frequency (MUF). If the wave leaving the transreturns. This is shown in Fig. 4-4. The vertical
mitting point at angle A in Fig. 4-4 is, for exangle ( such as the angle A in the figure) that
ample, at a frequency of 14 Mc., and if ahigher
the wave makes with a tangent to the earth is
frequency would skip over the receiving point
called the wave angle or angle of radiation.
RI,then 14 Mc. is the MUF for the distance
Skip Distance
from 7' to RI.
The greatest possible distance is covered when
Since greater bending is required to return the
wave to earth when the wave angle is high, at
the wave leaves along the tangent to the earth;
that is, at zero wave angle. Under average condithe higher frequencies the refraction frequently
tions this distance is about 4000 kilometers or
is not enough to give the required bending unless
2500 miles for the F2 layer, and 2000 km. for
the wave angle is smaller than some critical
1250 miles for the E layer. The distances vary
value. This is illustrated in Fig. 4-4, where A
with the layer height. Frequencies above these
and smaller angles give useful signals while waves
sent at higher angles penetrate the layer and are
limiting MUFs will not be returned to earth at
not returned. The distance between 7' and R1 is,
any distance. The 4000-km. MUF for the F2layer
is approximately 3 times the critical frequency
therefore, the shortest possible distance, at that
particular frequency, over which communication
for that layer, and for the E layer the 2000-km.
MUF is about 5times the critical frequency.
by normal ionospheric refraction can be accomAbsorption in the ionosphere is least at the
plished.

•
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maximum usable frequency for the distance, and
increases very rapidly as the frequency is lowered
below the MUF. Consequently, best results with
low power always are secured when the frequency
is as close to the MUF as possible.
It is readily possible for the ionospheric wave
to pass through the E layer and be refracted back
to earth from the F, Fl or F2 layers. This is
because the critical frequencies are higher in the
latter layers, so that asignal too high in frequency
to be returned by the E layer can still come back
from one of the others, depending upon the time
of day and the existing conditions. Depending
upon the wave angle and the distance, it is
sometimes possible to carry on communication
via either the E or F1-F2 layers on the same
frequency.
Multihop Transmission
On returning to the earth the wave can be
reflected upward and travel again to the ionosphere. There it may once more be refracted, and
again bent back to earth. This process may be
repeated several times. Multihop propagation of
this nature is necessary for transmission over
great distances because of the limited heights of
the layers and the curvature of the earth, which
restrict the maximum one-hop distance to the
values mentioned in the preceding section. However, ground losses absorb some of the energy
from the wave on each reflection ( the amount of
the loss varying with the type of ground and
being least for reflection from sea water), and
there is also absorption in the ionosphere at each
reflection. Hence the smaller the number of hops
the greater the signal strength at the receiver,
other things being equal.
Fading
Two or more parts of the wave may follow
slightly different paths in traveling to the receiving point, in which case the difference in
path lengths will cause aphase difference to exist
between the wave components at the receiving
antenna. The total field strength will be the sum
of the components and may be larger or smaller
than one component alone, since the phases may
be such as either to aid or oppose. Since the paths
change from time to time, this causes a variation in signal strength called fading. Fading can
also result from the combination of single-hop
and multihop waves, or the combination of a
ground wave with an ionospheric or tropospheric
wave. The latter condition results in an area of
severe fading in the region where the two waves
have about the same intensity; better reception
is obtained at either shorter or longer distances
where one component is considerably stronger
than the other.
Fading may be rapid or slow, the former type
usually resulting from rapidly-changing conditions in the ionosphere, the latter occurring when
transmission conditions are relatively stable.
It frequently happens that transmission conditions are different for waves of slightly different
frequencies, so that in the case of voice-modu-

lated transmission, involving sidebands differing
slightly from the carrier in frequency, the carrier
and various sideband components may not be
propagated in the same relative amplitudes and
phases they had at the transmitter. This effect,
known as selective fading, causes severe distortion of the signal.
Scatter
Even though the operating frequency is above
the MUF for a given distance, it is usually possible to hear signals from within the skip zone.
This phenomenon, called scatter, is the result of
reflections, such as might occur when the transmitted signal strikes the earth at some greater
distance than the skip distance for that frequency, back toward the receiver. Other possible
scatter sources are "patches" of ionization of
different density than the average, or sporadic
E clouds (see later section). Scatter signals are
weaker than those normally propagated, and
also have a rapid fade or "flutter" that makes
them easily recognizable, although the average
strength may be fairly constant.
It is probable that scatter also plays a considerable part in long-distance transmission ( beyond the maximum one-hop distance) — particularly in cases where, with multihop propagation,
the MUF at some intermediate reflection point
in the ionosphere is below the frequency actually
being used.

• OTHER FEATURES

OF IONOSPHERIC

PROPAGATION
Cyclic Variations in the Ionosphere
Since ionization depends upon ultraviolet radiation, conditions in the ionosphere vary with
changes in the sun's radiation. In addition to the
daily variation, seasonal changes result in higher
critical frequencies in the E layer in summer,
averaging about 4 Mc. as against a winter average of 3 Mc. The F layer shows little variation,
the critical frequency being of the order of 4 to
5 Mc. in the evening. The Fl layer, which has a
critical frequency near 5 Mc. in summer, usually
disappears entirely in winter. The daytime maximum critical frequencies for the F2 are highest
in winter ( 10 to 12 Mc.) and lowest in summer
(around 7 Mc.). The virtual height of the F2
layer, which is about 185 miles in winter, averages 250 miles in summer. These values are representative of latitude 40 deg. North in the
Western hemisphere, and are subject to considerable variation in other parts of the world.
Very marked changes in ionization also occur
in step with the II-year sunspot cycle. Although
there is no apparent direct correlation between
sunspot activity and critical frequencies on a
given day, there is adefinite correlation between
average sunspot activity and critical frequencies.
The critical frequencies are highest during sunspot maxima and lowest during sunspot minima.
It is during the period of minimum sunspot activity when long-distance transmissions occur on
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the lower frequencies. At such times the 28- Mc.
band is seldom useful for long-distance work,
while the 14-Mc. band performs well in the daytime but is not ordinarily useful at night. At the
present time ( 1952) a sunspot minimum is approaching, and is forecast for the winter of
1954-55. The most recent maximum occurred
in the winter of 1947-48.
Ionosphere Storms and Other Disturbances
Cy' tam tv lws of sunspot activity cause considerable disturbances in the ionosphere (ionosphere storms) and are accompanied by disturbances in the earth's magnetic field (magnetic
storms). Ionosphere storms are characterized by
a marked increase in absorption, so that radio
conditions become poor. The critical frequencies
also drop to relatively low values during astorm,
so that only the lower frequencies are useful for
communication. Ionosphere storms may last from
afew hours to several days. Since the sun rotates
on its axis once every 28 days, disturbances tend
to recur at such intervals, if the sunspots responsible do not become inactive in the meantime.
Absorption is usually low, and radio conditions
therefore good, just preceding astorm.
Unusually high ionization in the region of the
atmosphere below the normal ionosphere may
increase absorption to such an extent that skywave transmission becomes difficult and sometimes even impossible. The length of such adisturbance may be several hours, with a gradual
falling off of transmission conditions at the beginning and an equally gradual building up at the
end of the period. Fade-outs, similar to the above
in effect, are caused by sudden disturbances on
the sun. They are characterized by very rapid
ionization, with sky-wave transmission disappearing almost instantly, occur only in daylight,
and do not last as long as the first type of absorption.
Magnetic storms frequently are accompanied
by unusual auroral displays, creating an ionized
"curtain" in the polar regions which can act as
areflector of radio waves. Auroral reflection may
be observed on any frequency, depending upon
the conditions, and it is always characterized by
a flutter on all signals that makes voice work
difficult.
Sporadic E Ionization
Scattered patches or clouds of relative dense
ionization occasionally appear at heights approximately the same as that of the E layer. This
sporadic E ionization is most prevalent in the
equatorial regions, where it is substantially continuous. In northern latitudes it is most frequent
in the spring and early summer, but is present in
some degree a fair percentage of the time the
year ' round. It accounts for a good deal of the
night-time short distance work on the lower frequencies (3.5 and 7Mc.) and, when more intense,
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for similar work on 14 and 28 Mc. Exceptionally
intense sporadic E ionization is responsible for
work over distances exceeding 400 or 500 miles
on the 50-Mc. band.
There seems to be no direct relationship between sporadic E ionization and sunspot activity,
nor does it appear to be directly related to daylight and darkness since it may occur at any time
of the day. However, there is an apparent tendency for the ionization to peak at mid-morning
and in the early evening.
Meteor Trails
A phenomenon that frequently occurs on signals from within the skip zone is a sudden increase in intensity, called a burst. Bursts are
caused by meteors which, entering the earth's
atmosphere at high speed, are followed by an
ionized trail of rather high intensity. The ionization is caused by heating from the friction between the meteor and the air molecules in the
ionosphere region. The ionization usually disappears in less than asecond, but during that time
it is often capable of reflecting signals up to
100 Mc. or so. The lower frequency limit depends
on the length of the ionized trail. Bursts are frequently observed on the 14 and 28 Mc. bands,
especially during those times of the year when
"meteor showers" occur. When the meteor is
moving in a direction somewhat parallel to the
wave path, it can induce a rising or falling
"whistle" on the signal, for asecond or so.
Tropospheric Propagation
Changes in temperature and humidity of air
masses in the lower atmosphere often permit
work over greater than normal ground- wave
distances on 28 Mc. and higher frequencies. The
effect can be observed on 28 Mc., but it is generally more marked on 50 and 144 Mc. The
subject is treated in detail in alater chapter.

• PREDICTION

CHARTS

The Central Radio Propagation Laboratory
of National Bureau of Standards offers prediction charts three months in advance, by means
of which it is possible to predict with considerable
accuracy the maximum usable frequency that
will hold over any path on the earth during a
monthly period. The charts are based on ionosphere observations made at anumber of stations
throughout the world, coupled with considerable
statistical data. They are conservative enough to
enable the amateur to anticipate and plan his
best operating times, particularly on the 14- and
28- Mc. bands. The charts can be obtained from
the Superintendent of Documents, U. S. Government Printing Office, Washington 25, D. C. for
10 cents acopy or $ 1.00 per year on subscription.
They are called "CRPL-D Basic Radio Propagation Predictions."

CHAPTER 5

High-Frequency
Receivers
A good receiver in the amateur station makes
the difference between mediocre contacts and
solid QS0s, and its importance cannot be over
emphasized. In the uncrowded v.h.f. bands,
sensitivity (the ability to bring in weak signals)
is the most important factor in areceiver. In the
more crowded amateur bands, good sensitivity must be combined with selectivity (the
ability to distinguish between signals separated
by only asmall frequency difference). To receive
weak signals, the receiver must furnish enough
amplification to amplify the minute signal power
delivered by the antenna up to auseful amount of
power that will operate a loudspeaker or set
of headphones. Before the amplified signal can
operate the 'speaker or 'phones, it must be converted to audio-frequency power by the process of
detection. The sequence of amplification is not
too important — some of the amplification can
take place (and usually does) before detection,
and some can be used after detection.
There are two major differences between
receivers for 'phone reception and for c.w.
reception. A 'phone signal has sidebands that
make the signal take up about 6 or 8 kc. in the
band, and the audio quality of the received
signal is impaired if the passband of the receiver
is less than half of this. On the other hand, ac.w.
signal occupies only afew hundred cycles at the
most, and consequently the passband of a c.w.

receiver can be small. In either case, if the passband of the receiver is more than necessary, signals adjacent to the desired one can be heard, and
the selectivity of the receiver is said to be poor.
The detection process delivers directly the audio
frequencies present as modulation on a 'phone
signal. There is no modulation on a c.w. signal,
and it is necessary to introduce a second radio
frequency, differing from the signal frequency
by a suitable audio frequency, into the detector
circuit to produce an audible beat. The frequency
difference, and hence the beat-note, is generally
made on the order of 500 to 1000 cycles, since
these tones are within the range of optimum response of both the ear and the headset. If the
source of the second radio frequency is aseparate
oscillator, the system is known as heterodyne
reception; if the detector is made to oscillate and
produce the second frequency, it is known as
an autodyne detector. Modern superheterodyne receivers (described later) generally use
a separate oscillator to generate the beat-note.
Summing up the two differences, ' phone receivers can't use as much selectivity as c.w.
receivers, and c.w. receivers require some kind
of beating oscillator to give an audible signal.
Broadcast receivers can receive only 'phone
signals because no beat oscillator is included.
Communications receivers include beat oscillators
and often some means for varying the selectivity.

Receiver Characteristics
Sensitivity
In commercial circles "sensitivity" is defined as
the strength of the signal (in microvolts) at
the input of the receiver is required to produce
aspecified audio power output at the 'speaker or
headphones. This is a satisfactory definition for
broadcast and communications receivers operating below about 20 Mc., where general atmospheric and man-made electrical noises normally
mask any noise generated by the receiver itself.
Another commercial measure of sensitivity
defines it as the signal at the input of the receiver required to give an audio output some
stated amount (generally 10 db.) above the
noise output of the receiver. This is amore useful
sensitivity measure for the amateur, since it
indicates how well aweak signal will be heard and
is not merely ameasure of the over-all amplification of the receiver. However, it is not an absolute
method for comparing two receivers, because
the passband width of the receiver plays a large
part in the result.

The random motion of the molecules in the
antenna and receiver circuits generates small
voltages called thermal-agitation noise voltages. The frequency of this noise is random and
the noise exists across the entire radio spectrum. Its amplitude increases with the temperature of the circuits. Only the noise in the
antenna and first stage of a receiver is normally
significant, since the noise developed in later
stages is masked by the amplified noise from the
first stage. The only noise that is amplified is
that which falls within the passband of the
receiver, so the noise appearing in the output of
a receiver is less when the passband is reduced.
Similar noise is generated by the current flow
within the first tube itself; this effect can be
combined with the thermal noise and called
receiver noise.
The limit of a receiver's ability to detect
weak signals is the thermal noise generated in
the input circuit. Even if a perfect noise-free
tube were developed and used throughout the
76
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receiver, the limit to reception would be the
thermal noise. (Atmospheric- and man-made
noise is a pra£lical limit below 20 Mc.) The
degree to which a receiver approaches this ideal
is called the noise figure of the receiver, and it is
expressed as the ratio of noise power at the input
of the receiver required to increase the noise
output of the receiver 3db. Since the noise power
passed by the receiver is dependent on the
passband, the figure shows how far the receiver
departs from the ideal. The ratio is generally
ex-pressed in db., and runs around 6to 12 db. for
agood receiver, although figures of 2to 4db. have
been obtained. Comparisons of noise figures can
be made by the amateur with simple equipment.
(See QST, August, 1949, page 20.)
Selectivity
Selectivity is the ability of a receiver to
discriminate against signals of frequencies
differing from that of the desired signal. The
over-all selectivity will depend upon the selectivity of the individual tuned circuits and
the number of such circuits.
The selectivity of a receiver is shown graphically by drawing a curve that gives the ratio
of signal strength required at various frequencies off resonance to the signal strength at
resonance, to give constant output. A resonance curve of this type is shown in Fig. 5-1.
The bandwidth is the width of the resonance
curve (in cycles or kilocycles) of a receiver at a
specified ratio: in Fig. 5-1, the bandwidths are
indicated for ratios of response of 2 and 10 ("2
times down" and " 10 times down").
A receiver is more selective if the bandwidth (or passband) is less, but the bandwidth must be sufficient to pass the signal and
its sidebands if faithful reproduction of the
signal is desired. In the crowded amateur
bands, it is generally advisable to sacrifice
fidelity for selectivity, since the added selectivity reduces adjacent-channel interference and
also the noise passed by the receiver. If the
selectivity curve has steep sides, it is said to
have good skirt selectivity, and this feature is
very useful in listening to a weak signal that is
adjacent to astrong one.
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Fig. 5-1 — Typical selectivity curve of amodern superheterodyne receiver. Relative response is plotted against
deviations above and below the resonance frequency.
The scale at the left is in terms of voltage ratios,
the corresponding decibel steps are shown at the right.
Stability
The stability of a receiver is its ability to
"stay put" on asignal under varying conditions
of gain-control setting, temperature, supplyvoltage changes and mechanical shock and distortion. The term "unstable" is also applied to a
receiver that breaks into oscillation or aregenerative condition with some settings of its controls
that are not specifically intended to control such
acondition.
Fidelity
Fidelity is the relative ability of the receiver to reproduce in its output the modulation carried by the incoming signal. For
perfect fidelity, the relative amplitudes of the
various components must not be changed by
passing through the receiver. However, in amateur communication the important requirement
is to transmit intelligence and not "high-fidelity"
signals.

Detection and Detectors
Detection is the process of recovering the
modulation from a signal (see " Modulation,
Heterodyning and Beats"). Any device that is
"nonlinear" (i.e., whose output is not exactly
proportional to its input) will act as a detector.
It can be used as a detector if an impedance
for the desired modulation frequency is connected in the output circuit.
Detector sensitivity is the ratio of desired
detector output to the input. Detector linearity is a measure of the ability of the detector to
reproduce the exact form of the modulation
on the incoming signal. The resistance or impedance of the detector is the resistance or
impedance it presents to the circuits it is con-

nected to. The input resistance is important
in receiver design, since if it is relatively low it
means that the detector will consume power,
and this power must be furnished by the preceding stage. The signal-handling capability
means the ability to accept signals of a specified
amplitude without overloading or distortion.
Diode Detectors
The simplest detector for a.m. is the diode. A
galena, silicon or germanium crystal is an
imperfect form of diode (a small current can
pass in the reverse direction), and the principle
of detection in a crystal is similar to that in a
vacuum-tube diode.
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(A)

(B)

A.F. Output

(C)

A.F. Output
Fig. 5-2 — Simplified and practical diode detector
circuits. A, the elementary half- wave diode detector;
B, apractical ell, j
it , With r.f. filtering and audit, output
coupling; C, full- wave diode detector, with output coupling indicated. The circuit, L2C1, is tuned to the signal
frequency; typical values for ( and RIin A and C are
250 add. and 250,000 ohms, respectively; in It, C2 and
C3 are 100 add. each; Rt. 50,000 ohms; and R2, 250,000
ohms. C4 is 0.1 pfd. and R3 may be 0.5 to 1 megohm.

Circuits for both half-wave and full-wave
diodes are given in Fig. 5-2. The simplified
half-wave circuit at 5-2A includes the r.f.
tuned circuit, L2
C1, a coupling coil, LI,from
which the r.f. energy is fed to L2
Ci, and the
diode, D, with its load resistance, RI,and bypass condenser, C2. The flow of rectified r.f.
current causes a d.c. voltage to develop across
the terminals of RI.The — and -I- signs show
the polarity of the voltage. The variation in
amplitude of the r.f. signal with modulation
causes corresponding variations in the value of
the d.c. voltage across RI.In audio work the
load resistor, RI, is usually 0.1 megohm or
higher, so that afairly large voltage will develop
from asmall rectified-current flow.
The progress of the signal through the detector or rectifier is shown in Fig. 5-3. A typical modulated signal as it exists in the tuned
circuit is shown at A. When this signal is applied to the rectifier tube, current will flow
only during the part of the r.f. cycle when
the plate is positive with respect to the cath-

ode, so that the output of the rectifier consists
of half-cycles of r.f. These current pulses flow
in the load circuit comprised of RI and C2, the
resistance of R1 and the capacity of C2 being so
proportioned that C2 charges to the peak value
of the rectified voltage on each pulse and retains enough charge between pulses so that the
voltage across 21 is smoothed out, as shown in
C. C2 thus acts as a filter for the radio-frequency component of the output of the rectifier, leaving a d.c. component that varies in
the same way as the modulation on the original
signal. When this varying d.c. voltage is applied to a following amplifier through a coupling condenser ( C4 in Fig. 5-2B), only the
variations in voltage are transferred, so that
the final output signal is a.c., as shown in I).
In the circuit at 5-2B, R1 and C2 have been
divided for the purpose of providing a more
effective filter for r.f. It is important to prevent
the appearance of any r.f. voltage in the output
of the detector, because it may cause overloading of a succeeding amplifier tube. The audiofrequency variations can be transferred to
another circuit through a coupling condenser,
C4, to a load resistor, R3,which usually is a
"potentiometer" so that the volume can be
adjusted to adesired level.
Coupling to the potentiometer (gain control) through a condenser also avoids any flow
of d.c. through the gain control. The flow of
d.c. through a high-resistance gain control
often tends to make the control noisy (scratchy)
after ashort while.
The full-wave diode circuit at 5-2C differs
in operation from the half-wave circuit only in
that both halves of the r.f. cycle are utilized.
The full-wave circuit has the advantage that
very little r.f. voltage appears across the load
resistor, RI,because the midpoint of L2 is at
the same potential as the cathode, or "ground"
for r.f., and r.f. filtering is easier than in the
half-wave circuit.
The reactance of C2 must be small compared
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Fig. 5-3 — Diagrams showing the detection process.
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+13

RFC

(
B)
Fig. 5-4— Circuits for plate detection. A, triode; B,
pentode. The input circuit, Link, is tuned to the signal
frequency. Typical values for the other components are:
Component

Circuit A

ing in the output. The cathode resistor, RI,provides the operating grid bias, and C2 is aby-pass
for both radio and audio frequencies. R2is the
plate load resistance and C4is the output coupling
condenser. In the pentode circuit at B, R3 and
R4form a voltage divider to supply the proper
screen potential (about 30 volts), and C5 is a
by-pass condenser. C2 and C5 must have low
reactance for both radio and audio frequencies.
In general, transformer coupling from the
plate circuit of a plate detector is not satisfactory, because the plate impedance of any tube
is very high when the bias is near the platecurrent cut-off point. Impedance coupling may
be used in place of the resistance coupling shown
in Fig. 5-4. Usually 100 henrys or more inductance
is required.
The plate detector is more sensitive than
the diode because there is some amplifying action
in the tube. It will handle large signals, but is not
so tolerant in this respect as the diode. Linearity,
with the self-biased circuits shown, is good. Up
to the overload point the detector takes no power
from the tuned circuit, and so does not affect
its Q and selectivity.

Circuit Il

0.5 mfd. or larger.
C2 0.5 mfd. or larger.
250 to 500 ppfd.
Co 0.001 to 0.002 dd.
0.1
mfd.
C4 0.1 dd.
0.5 mfd. or larger.
CS
11; 25,000 to 150,000 ohms. 10,000 to 20,000 ohms.
112 50,000 to 100,000 ohms. 100,000 to 250,000 ohms.
50,000 ohms.
112
20,000 ohms.
114
2.5 mh.
RFC 2.5 mh.
Plate voltages from 100 to 250 volts may be used.
should
be about 30 volts.
Effective screen voltage in B
to the resistance of RIat the radio frequency
being rectified, but at audio frequencies must
be relatively large compared to RI.If the capacity
of C2 is too large, response at the higher audio
frequencies will be lowered.
Compared with other detectors, the sensitivity 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.

Infinite-Impedance Detector
The circuit of Fig. 5-5 combines the high
signal-handling capabilities of the diode detector
with low distortion and, like the plate detector,
does not load the tuned circuit it connects to.
The circuit resembles that of the plate detector,
except that the load resistance, RI, is connected
between cathode and ground and thus is common
to both grid and plate circuits, giving negative
feed-back for the audio frequencies. The cathode resistor is by-passed for r.f. but not for
audio, while the plate circuit is by-passed to
ground for both audio and radio frequencies.
R2forms, with C3, an RC filter to isolate the
plate from the " B" supply. An r.f. filter, consisting of aseries r.f. choke and ashunt condenser,
can be connected between the cathode and C4to
eliminate any r.f. that might otherwise appear
in the output.
The plate current is very low at no signal,
increasing with signal as in the case of the plate
detector. The voltage drop across RIconsequently
3

Plate Detectors
The plate detector is arranged so that rectification of the r.f. signal takes place in the plate
circuit of the tube. Sufficient negative bias is applied to the grid to bring the plate current nearly
to the cut-off point, so that application of a
signal to the grid circuit causes an increase in
average plate current. The average plate current
follows the changes in signal amplitude in a
fashion similar to the rectified current in adiode
detector.
Circuits for triodes and pentodes are given
in Fig. 5-4. C, is the plate by-pass condenser,
and, with RFC, prevents r.f. from appear-

I.
R.F Input
AF
Output
Fig. 5-5— The infinite-impedance detector. The input
circuit, L2C1, is tuned to the signal frequency. Typical
values for the other components are:
C2 — 250 mad.
Ri — 0.15 niegohm.
C3 — 0.5 mfd.
R2 — 25,000 ohms.
C4 — 0.1 mfd.
R3 — 0.25-megohm volume control.
A tube having a medium amplification factor (about
20) should be used. Plate voltage should be 250 volts.
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increases with signal. Because of this and the
large initial drop across RI,the grid usually
cannot be driven positive by the signal, and no
grid current can be drawn.

e

REGENERATIVE DETECTORS

By providing controllable r.f. feed-back
(regeneration) in a triode or pentode detector
circuit, the incoming signal can be amplified
many times, thereby greatly increasing the
sensitivity of the detector. Regeneration also
increases the effective Q of the circuit and thus
the selectivity. The grid-leak type of detector is
most suitable for the purpose.
The grid-leak detector is a combination diode
rectifier and audio-frequency amplifier. In the
circuits of Fig. 5-6, the grid corresponds to the
diode plate and the rectifying action is exactly
the same as in a diode. The d.c. voltage from
rectified-current flow through the grid leak,
RI, biases the grid negatively, and the audiofrequency variations in voltage across RI are
amplified through the tube as in a normal a.f.
amplifier. In the plate circuit, T1,L4 and L3 are
the plate load resistances, C3 is a by-pass condenser and RFC an r.f. choke to eliminate r.f.
in the output circuit.
A grid-leak detector has considerably greater
sensitivity than adiode. The sensitivity is further
increased by using ascreen-grid tube instead of a
triode, as at 5-6 B and C. The operation is equivalent to that of the triode circuit. The screen bypass condenser, C2,should have low reactance
for both radio and audio frequencies. R2 and R3
constitute a voltage divider on the plate supply
to furnish the proper screen voltage. In both
circuits, C2 must have low r.f. reactance and high
a.f. reactance compared to the resistance of RI.
Although the regenerative grid-leak detector is
more sensitive than any other type, its many
disadvantages commend it for use only in the
simplest receivers. The linearity is rather poor,
and the signal-handling capability is limited.
The signal-handling capability can be improved
by reducing R1 to 0.1 megohm, but the sensitivity
will be decreased. The degree of antenna coupling
is often critical.
The circuits in Fig. 5-6 are regenerative, the
feed-back being obtained by feeding some signal
to the grid back from the plate circuit. The
amount of regeneration must be controllable, because maximum regenerative amplification is
secured at the critical point where the circuit is
just about to oscillate. The critical point in
turn depends upon circuit conditions, which may
vary with the frequency to which the detector is
tuned. In the oscillating condition, aregenerative
detector can be detuned slightly from an incoming c.w. signal to give autodyne reception.
The circuit of Fig. 5-6A uses avariable by-pass
condenser, C3, in the plate circuit to control
regeneration. When the capacity is small the
tube does not regenerate, but as it increases
toward maximum its reactance becomes smaller
until there is sufficient feed-back to cause
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oscillation. If L2 and L3 are wound end-to-end in
the same direction, the plate connection is to the
outside of the plate or " tickler" coil, L3, when
the grid connection is to the outside of L2.
The circuit of 5-6B is for a pentode tube, regeneration being controlled by adjustment of
the screen-grid voltage. The tickler, L3, is in
the plate circuit. The portion of the control
resistor between the rotating contact and
ground is by-passed by a large condenser (0.5
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Fig. 5-6 — Triode and pentode regenerative detector
circuits. The input circuit, L2Ci, is tuned to the signal
frequency. The grid condenser, C2, should have avalue
of about 100 pad. in all circuits; the grid leak, RI,
may range in value from 1105 megohms. The tickler coil,
La, ordinarily will have from 10 to 25 per cent of the
number of turns on L2; in C, the cathode tap is about 10
per cent of the number of turns on L2 above ground.
Regeneration-control condenser C3 in A should have a
maximum capacity of 100 ppfd. or more; by-pass condensers Ca in B and C are likewise 100 ppfd. Cs is ordinarily 1pfd. or more; R2, a50,000-ohm potentiometer;
Rs, 50,000 to 100,000 ohms. L4 in B (Ls in C) is a500.
henry inductance, C4 is 0.1 pfd. in both circuits. 7) in A
is aconventional audio transformer for coupling from
the plate of atube to afollom ing grid. RFC is 2.5 mh.
In A, the plate voltage should be about 50 volts for
best sensitivity. Pentode circuits require about 30 volts
on the screen; plate potential may be 100 to 250 volts.
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pfd. or more) to filter out scratching noise
when the arm is rotated. The feed-back is
adjusted by varying the number of turns on
L3 or the coupling between L2 and L3, until the
tube just goes into oscillation at a screen potential of approximately 30 volts.
Circuit C is identical with B in principle of
operation. Since the screen and plate are in
parallel for r.f. in this circuit, only a small
amount of " tickler" — that is, relatively few
turns between the cathode tap and ground
— is required for oscillation.
Smooth Regeneration Control
The ideal regeneration control would permit
the detector to go into and out of oscillation
smoothly, would have no effect on the frequency of oscillation, and would give the same
value of regeneration regardless of frequency
and the loading on the circuit. In practice, the
effects of loading, particularly the loading that
occurs when the detector circuit is coupled to
an antenna, are difficult to overcome. Likewise, the regeneration is usually affected by the
frequency to which the grid circuit is tuned.
In all circuits it is best to wind the tickler at
the ground or cathode end of the grid coil, and
to use as few turns on the tickler as will allow
the detector to oscillate easily over the whole
tuning range at the plate (and screen, if apentode) voltage that gives maximum sensitivity.
Should the tube break into oscillation suddenly
as the regeneration control is advanced, making
a click, it usually indicates that the coupling to
the antenna (or r.f. amplifier) is too tight. The
wrong grid leak plus too-high plate and screen
voltage are also frequent causes of lack of smoothness in going into oscillation.
Antenna Coupling
If the detector is coupled to an antenna,
slight changes in the antenna (as when the wire
swings in a breeze) affect the frequency of the
oscillations generated, and thereby the beat
frequency when c.w. signals are being received.
The tighter the antenna coupling is made, the
greater will be the feedback required or the
higher will be the voltage necessary to make the
detector oscillate. The antenna coupling should
be the maximum that will allow the detector to
go into oscillation smoothly with the correct
voltages on the tube. If capacity coupling to the
grid end of the coil is used, generally only avery
small amount of capacity will be needed to
couple to the antenna. Increasing the capacity
increases the coupling.
At frequencies where the antenna system is
resonant the absorption of energy from the
oscillating detector circuit will be greater, with
the consequence that more regeneration is
needed. In extreme cases it may not be possible
to make the detector oscillate with normal
voltages. The remedy for these "dead spots" is to
loosen the antenna coupling to apoint that permits normal oscillation and smooth regeneration
control.

Body Capacity
A regenerative detector occasionally shows a
tendency to change frequency slightly as the
hand is moved near the dial. This condition
(body capacity) can be corrected by better shielding, and sometimes by r.f. filtering of the ' phone
leads. A good, short ground connection and
loosening the coupling to the antenna will help.
Hum
hum at the power-supply frequency, even
when using battery plate supply, may result
from the use of a.e. on the tube heater. Effects
of this type normally are troublesome only when
the circuit of Fig. 5-6C is used, and then only at
14 Mc. and higher. Connecting one side of the
heater supply to ground, or grounding the centertap of the heater-transformer winding, will reduce
the hum. The heater wiring should be kept as
far as possible from the r.f. circuits.
House wiring, if of the "open" type, may cause
hum if the detector tube, grid lead, and grid
condenser and leak are not shielded. This type of
hum is easily recognizable because of its rather
high pitch.
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 regeneration control after the detector starts oscillating
will result in a slight decrease in the strength of
the hiss, indicating that the sensitivity of the
detector is decreasing.
The proper adjustment of the regeneration
control for best reception of c.w. signals is
where the detector just starts to oscillate. Then
c.w. signals can be tuned in and will give atone
with each 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 pitch, then will go down through "zero
beat" and rise again on the other side, finally
e2000 cycles
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Fig. 5-7 — As the tuning dial of a receiver is turned
past ac.w. signal, the beat-note varies from ahigh tone
down through "zero beat" (no audible frequency difference) and back up to ahigh tone, as shown at A, Band
C. The curve is agraphical representation of the action.
The beat exists past 8000 or 10,000 cycles but usually is
not heard because of the limitations of the audio system.
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disappearing at avery high pitch. This behavior
is shown in Fig. 5-7. A low-pitched beat-note
cannot be obtained from a strong signal because
the detector "pulls in" or " blocks"; that is,
the signal forces the detector to oscillate at the
signal frequency, even though the circuit may
not be tuned exactly to the signal. This phenomenon, is also called "locking-in"; the more stable
of the two frequencies assumes control over the
other. It usually can be corrected by advancing
the regeneration control until the beat-note is
heard again, or by reducing the input signal.
The point just after the detector starts oscil-

lating is the most sensitive condition for c.w.
reception. Further advancing the regeneration
control makes the receiver less susceptible
to blocking by strong signals, but also less sensitive to weak signals.
If the detector is in the oscillating condition
and a ' phone signal is tuned in, asteady audible
beat-note will result. While it is possible to
listen to ' phone if the receiver can be tuned to
exact zero beat, it is more satisfactory to reduce
the regeneration to the point just before the
receiver goes into oscillation. This is also the
most sensitive operating point.

Tuning and Band- Changing Methods
Band- Changing
The resonant circuits that are tuned to the
frequency of the incoming signal constitute a
special problem in the design of amateur receivers, since the amateur frequency assignments consist of groups or bands of frequencies
at widely-spaced intervals. The same coil and
tuning condenser cannot be used for, say, 14 Mc.
to 3.5 Mc., because of the impracticable maximum-to-minimum capacity ratio required, and
also because the tuning would be excessively
critical with such a large frequency range. It is
necessary, therefore, to provide a means for
changing the circuit constants for various frequency bands. As a matter of convenience the
same tuning condenser usually is retained, but
new coils are inserted in the circuit for each band.
One method of changing inductances is to use
a switch having an appropriate number of contacts, which connects the desired coil and disconnects the others. The unused coils are sometimes
short-circuited by the switch, to avoid the possibility of undesirable self resonances in the unused
coils. It is not necessary if the coils are separated
from each other by several coil diameters, or are
mounted at right angles to each other.
Another method is to use coils wound on
forms with contacts (usually pins) that can
be plugged in and removed from asocket. These
coils are advantageous when space in amultiband
receiver is at apremium. They are also very useful when considerable experimental work is
involved, because they are easier to work on than
coils clustered around aswitch.
Bandspreading
The tuning range of a given coil and variable
condenser will depend upon the inductance of
the coil and the change in tuning capacity. For
ease of tuning, it is desirable to adjust the tuning range so that practically the whole dial
scale is occupied by the band in use. This is
called bandspreading. Because of the varying
widths of the bands, special tuning methods
must be devised to give the correct maximumminimum capacity ratio on each band. Several
of these methods are hvn in Fig. 5-8.
In A, a small bandspread condenser, C1 ( 15to 25-pafd. maximum capacity), is used in parallel with a condenser, C2, which is usually large

enough ( 100 to 140 µdd.) to cover a 2-to- 1
frequency range. The setting of C2 will determine the minimum capacity of the circuit,
and the maximum capacity for bandspread
tuning will be the maximum capacity of CI
plus the setting of C2. The inductance of the
coil can be adjusted so that the maximumminimum ratio will give adequate bandspread.
It is almost impossible, because of the nonharmonic relation of the various band limits, to
get full bandspread on all bands with the same
pair of condensers. C2 is variously called the
band-setting or main-tuning condenser. It must
be reset each time the band is changed.
The method shown at B
makes use of condensers in
series. The tuning condenser, C1, may have a (A)
maximum capacity of 100
peifd. or more. The minimum capacity is determined principally by the
setting of C3, which usually has low capacity, and
the maximum capacity by
the setting of C2, which is
of the order of 25 to 50
fd. This method is capable of close adjustment to
practically any desired degree of bandspread. Either
C2 and C3 must
be adjusted for each band or
Fig. 5-8 — Essentials
separate preadjusted conof the three basic banddensers must be switched
spread tuning systems.
in.
The circuit at C also gives complete spread
on each band. CI,the bandspread condenser,
may have any convenient value of capacity;
50 ILeifd. is satisfactory. C2 may be used for continuous frequency coverage ("general coverage") and as a band-setting condenser. The
effective maximum-minimum capacity ratio
depends upon the capacity of C2 and the point
at which CI is tapped on the coil. The nearer
the tap to the bottom of the coil, the greater
the bandspread, and vice versa. For a given
coil and tap, the bandspread will be greater
if C2 is set at higher capacity. C2 may be mounted
in the plug-in coil form and preset, if desired.

(6)
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This requires aseparate condenser for each band,
but eliminates the necessity for resetting C2 each
time the band is changed.
Ganged Tuning
The tuning condensers of the several r.f.
circuits may be coupled together mechanically
and operated by a single control. However,
this operating convenience involves more complicated construction, both electrically and
mechanically. It becomes necessary to make
the various circuits track — that is, tune to the
same frequency at each setting of the tuning
control.
Fig. 5-9 — Showing the use
of a trimmer condenser to
set the minimum circuit capacity in order to obtain true
tracking for gang- tuning.
True tracking can be obtained only when the
inductance, tuning condensers, and circuit
inductances and minimum and maximum
capacities are identical in all "ganged" stages.
A small trimmer or padding condenser may be
connected across the coil, so that variations in
minimum capacity can be compensated. The
fundamental circuit is shown in Fig. 5-9, where
C1 is the trimmer and C2 the tuning condenser.
The use of the trimmer necessarily increases the
minimum circuit capacity, but it is a necessity
for satisfactory tracking. Midget condensers
having maximum capacities of 15 to 30 add. are
commonly used.
The same methods are applied to bandspread circuits that must be tracked. The
circuits are identical with those of Fig. 5-8.
If both general-coverage and bandspread tuning are to be available, an additional trimmer
condenser must be connected across the coil in
each circuit shown. If only amateur-band tuning is desired, however, then C3 in Fig. 5-8B,
and C2 in Fig. 5-8C, serve as trimmers.
The coil inductance can be adjusted by
starting with a larger number of turns than

necessary and removing a turn or fraction of
a turn at a time until the circuits track satisfactorily. An alternative method, provided the
inductance is reasonably close to the correct
value initially, is to make the coil so that the
last turn is variable with respect to the whole
coil, or to use a single short-circuited turn the
position of which can be varied with respect to
the coil. The application of these methods is
shown in Fig. 5-10.
Still another method for trimming the inductance is to use an adjustable brass (or copper)
or powdered-iron core. The brass core acts like a
single shorted turn, and the inductance of the
coil is decreased as the brass core, or " slug," is
moved into the coil. The powdered-iron core has
the opposite effect, and increases the inductance
as it is moved into the coil. The Q of the coil is
not affected materially by the use of the brass
slug, provided the brass slug has a clean surface
or is silverplated. The use of the powdered-iron
core will raise the Q of a coil, provided the iron
is suitable for the frequency in use. Good powdered-iron cores can be obtained for use up to
about 50 Mc.

(3)
Fig. 5-10 — Methods of adjusting the inductance for

ganging. The half- turn in A can be moved so that its
magnetic field either aids or opposes the field of the coil.
The shorted loop in B is not connected to the coil, but
operates by induction. It bill have no effect on the coil
inductance when the axis of the loop is perpendicular
to the axis of the coil, and will give maximum reduction
of the coil inductance when rotated 90°. The loop can be
a solid disk of metal and give exactly the same effect.

The Superheterodyne
For many years (up to about 1932) practically the only type of receiver to be found in
amateur stations consisted of a regenerative
detector and one or more stages of audio amplification. 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 emergencies. They have
been replaced by superheterodyne receivers,
generally called "superhets."
The Superheterodyne Principle
In a superheterodyne receiver, the frequency
of the incoming signal is heterodyned to a new
radio frequency, the intermediate frequency
(abbreviated "U."), then amplified, and finally
detected. The frequency is (- hanged by modulating
the output of a tunable oscillator (
the high-fre-

quency, or local, oscillator) by the incoming
signal in a mixer or converter stage (
first detector) to produce a side frequency equal to the
intermediate frequency. The other side frequency
is rejected by selective circuits. The audiofrequency signal is obtained at the second
detector. C.w. signals are made audible by
autodyne or heterodyne reception at the second
detector.
As a numerical example, assume that an
intermediate frequency of 155 kc. is chosen
and that the incoming signal is at 7000 kc.
Then the high-frequency oscillator frequency
may be set to 7455 kc., in order that one side
frequency ( 7455 minus 7000) will be 455 kc.
The high-frequency oscillator could also be set
to 6545 kc. and give the same difference frequency. To produce an audible c.w. signal at
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the second detector of, say, 1000 cycles, the
autodyning or heterodyning oscillator would
be set to either 454 or 456 Ice.
The frequency-conversion process permits
r.f. amplification at a relatively low frequency,
the i.f. High selectivity and gain can be obtained at this frequency, and this selectivity
and gain are constant. The separate oscillators
can be designed for best stability and, since the
h.f. oscillator is working at a frequency considerably removed from the signal frequency,
its frequency is not affected by the incoming
signal.
Images
Each h.f. oscillator frequency will cause i.f.
response at two signal frequencies, one higher
and one lower than the oscillator frequency.
If the oscillator is set to 7455 ke. to tune to a
7000-kc. signal, for example, the receiver can
respond also to a signal on 7910 Ice., which
likewise gives a 455-ke. beat. The undesired
signal is called the image. It can cause unnecessary interference if it isn't eliminated.
The radio-frequency circuits of the receiver
(those used before the frequency is converted
to the i.f.) normally are tuned to the desired
signal, so that the selectivity of the circuits reduces or eliminates the response to the image
signal. The ratio of the receiver voltage output from the desired signal to that from the
image is called the signal-to-image ratio, or
image ratio.
The image ratio depends upon the selectivity
of the r.f. tuned circuits preceding the mixer
tube. Also, the higher the intermediate frequency, the higher the image ratio, since raising
the i.f. increases the frequency separation between the signal and the image and places the
latter further away from the resonance peak
of the signal-frequency input circuits. Most
receiver designs represent a compromise between economy (few r.f. stages) and image rejection (large number of r.f. stages).
Other Spurious Responses
In addition to images, other signals to which
the receiver is not ostensibly tuned may be
heard. Harmonics of the high-frequency oscillator may beat with signals far removed from
the desired frequency to produce output at the
intermediate frequency; such spurious responses
can be reduced by adequate selectivity before
the mixer stage, and by using sufficient shielding
to prevent signal pick-up by any means other
than the antenna. When a strong signal is received, the harmonics generated by rectification
in the second detector may, by stray coupling,
be introduced into the r.f. or mixer circuit and
converted to the intermediate frequency, to go
through the receiver in the same way as an ordinary signal. These "birdies" appear as a heterodyne beat on the desired signal, and are principally bothersome when the frequency of the
incoming signal is not greatly different from the

intermediate frequency. The cure is proper
circuit isolation and shielding.
Harmonics of the beat oscillator also may be
converted in similar fashion and amplified
through the receiver; these responses can be
reduced by shielding the beat oscillator and
operating it at low power level.
The Double Superheterodyne
At high and very-high frequencies it is difficult to secure an adequate image ratio when
the intermediate frequency is of the order of
455 Ice. To reduce image response the signal
frequently is converted first to a rather high
(1500, 5000, or even 10,000 kc.) intermediate
frequency, and then — sometimes after further amplification — reconverted to a lower
i.f. where higher adjacent-channel selectivity
can be obtained. Such a receiver is called a
double superheterodyne.

•

FREQUENCY CONVERTERS

A circuit tuned to the intermediate frequency
is placed in the plate circuit of the mixer, to offer
ahigh impedance to the i.f. voltage that is developed. The signal- and oscillator-frequency voltages appearing in the place circuit are rejected by
the selectivity of this circuit. The i.f. tuned
circuit should have low impedance for these
frequencies, a condition easily met if they do
not approach the intermediate frequency.
The conversion efficiency of the mixer is
the ratio of i.f. output voltage from the plate
circuit to r.f. signal voltage applied to the grid.
High conversion efficiency is desirable. The
mixer tube noise also should be low if a good
signal-to-noise ratio is wanted, particularly
if the mixer is the first tube in the receiver.
The mixer should not require too much r.f.
power from the h.f. oscillator, since it may be
difficult to supply the power and yet maintain
good oscillator stability. Also, the conversion
efficiency should not depend too critically on
the oscillator voltage (that is, a small change
in oscillator output should not change the
gain), since it is difficult to maintain constant
output over awide frequency range.
A change in oscillator frequency caused by
tuning of the mixer grid circuit is called pulling.
Pulling should be minimized, because the stability of the whole receiver depends critically upon
the stability of the h.f. oscillator. Pulling decreases with separation of the signal and h.f.oscillator frequencies, being less with high intermediate frequencies. Another type of pulling is caused by regulation in the power supply.
Strong signals cause the supply voltage to
change, and this in turn shifts the oscillator
frequency.
Circuits
If the first detector and high-frequency oscillator are separate tubes, the first detector is called
a "mixer." If the two are combined in one envelope (as is often done for reasons of economy or
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efficiency), the first detector is called a " converter." In either case the function is the same.
Typical mixer circuits are shown in Fig. 5-11.
The variations are chiefly in the way in which
the oscillator voltage is introduced. In 5-11A,
a pentode functions as a plate detector; the
oscillator voltage is capacity-coupled to the
grid of the tube through C2. Inductive coupling
may be used instead. The conversion gain and Input
input selectivity generally are good, so long as
the sum of the two voltages (signal and oscillator) impressed on the mixer grid does not exceed
the grid bias. It is desirable to make the oscillator
voltage as high as possible without exceeding
this limitation. The oscillator power required is
negligible. If the signal frequency is only 5or 10
times the i.f., it may be difficult to develop enough
oscillator voltage at the grid (because of the
selectivity of the tuned input circuit). However,
the circuit is a sensitive one and makes a good
mixer, particularly with high-G,„ tubes like the
6AC7 and 6AK5. A good triode also works well
in the circuit, and tubes like the 7F8 (one section),
the 6J6 (one section), the 12AT7 (one section),
and the 6J4 work well. When a triode is used,
the signal frequency must be short-circuited in
the plate circuit, and this is done by connecting
the tuning capacitor of the i.f. transformer
+250
directly from plate to cathode.
Fig. 5-11— Typical circuits for separately-excited
It is difficult to avoid "pulling" in a triode
mixers. Grid injection of a pentode mixer is shown at A,
or pentode mixer, and a pentagrid converter
and separate excitation of a pentagrid converter is given
in B. Typical values for B will be found in Table 5-1 —
tube provides much better isolation. A typical
the values below are for the pentode mixer of A.
circuit is shown in Fig. 5-11B, and tubes like the
C1 — 10 to 50 gad.
112 — 1.0 megohm.
6SA7, 7Q7 or 6BE6 are commonly used. The
C2 — 5 to 10 »pfd.
lia — 0.47 megohm.
Ca, C.1, C — 0.001 dd.
114 — 1500 ohms.
oscillator voltage is introduced through an " inRi — 6800 ohms.
jection" grid. Measurement of the rectified
Positive supply voltage can be 250 volts with a
current flowing in R2 is used as acheck for proper
6AC7, 150 with a 6AK5.
oscillator-voltage amplitude. Tuning of the
between oscillator and converter tube is reasonsignal-grid circuit can have little effect on the
ably good, and very little pulling results, except
oscillator frequency because the injection grid is
on signal frequencies that are quite large comisolated from the signal grid by a screen grid
pared with the i.f.
that is at r.f. ground potential. The pentagrid
The pentagrid-converter circuit shown in Fig.
mixer is not quite as sensitive as atriode or pen5-12B can be used with a tube like the 6SA7,
tode mixer, but its isolating characteristics make
6SB7Y, 6BA7 or 6BE6. Generally the only care
it avery useful device.
necessary is to adjust the feed-back of the oscillaMany receivers use pentagrid converters, and
tor circuit to give the proper oscillator r.f. volttwo typical circuits are shown in Fig. 5-12.
age. This condition is checked by measuring the
The circuit shown in Fig. 5-12A, which is suitable
d.c. current flowing in grid resistor R2.
for the 6K8, is for a "triode-hexode" converter.
A more stable receiver generally results, parA triode oscillator tube is mounted in the same
ticularly at the higher frequencies, when sepaenvelope with a hexode, and the control grid of
rate tubes are used for the mixer and oscillator.
the oscillator portion is connected internally to
Practically the same number of circuit cornan injection grid in the hexode. The isolation
TABLE 5-1
Circuit and Operating Values for Converter Tubes
Plate voltage=250
Screen voltage-400, or through specified resistor from 280 volts
SELF-EXCITED
'I'll be
6BA7 1
613E6 1
6K82
6SA7 2(7Q7 3)
68B7Y 2
1 Miniature tube

Cathode Screen
Resistor Resistor
0
0
240
0
0
2 Octal base,

12,000
22,000
27,000
18,000
15,000
metal.

Grid
Leak

SEPARATE EXCITATION
Grid
Current

Cathode Screen
Resistor Resistor

22,000
0.35 ma.
68
15,000
22,000
0.5
150
22,000
47,000
0.15-0.2 — —
22,000
0.5
150
18,000
22,000
0.35
68
15,000
3 Lock-in base.

22,000
22,000

Grid
Current
0.35 ma.
0.5

22,000
22,000

0.5
0.35

Grid
Leak
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Tuning

4

6K8

tF Trans.

+ 250

be visualized as heterodyning the incoming signal
into the audio range. The use of such circuits for
audio conversion has been limited to selective i.f.
amplifiers operating below 500 kc. and usually
below 100 kc. An ordinary a.m. signal cannot be
received on such a detector unless the tuning is
adjusted to make the local oscillator zero-beat
with the incoming carrier.
Since the beat oscillator modulates the electron
stream completely, a large beat-oscillator component exists in the plate circuit. To prevent
overload of the following audio amplifier stages,
an adequate i.f. filter must be used in the output
of the converter.

• THE HIGH- FREQUENCY OSCILLATOR

Stability of the receiver is dependent chiefly
upon the stability of the h.f. oscillator, and
particular care should be given this part of the
receiver. The frequency of oscillation should be
insensitive to mechanical shock and changes

6547, 68 E6 or 6587

(A)
+ 250

Fig. 5-12 — Typical circuits for triode-hexode (A) and
pentagrid ( II) converters. Values for RI, R2and R3 can
be found in Table 5-1; others are given below.
CI — 47 ppfd.
C3 - 0.01 pfd.
C2, C4, C5 — 0.001 afd.
114 — 1000 ohms.
ponents is required whether or not a combination tube is used, so that there is very little
difference to be realized from the cost standpoint.
Typical circuit constants for converter tubes
are given in Table 5-I. The grid leak referred
to is the oscillator grid leak or injection-grid
return, R2 of Figs. 5-11 and 5-12.
The effectiveness of converter tubes of the type
just described becomes less as the signal frequency is increased. Some oscillator voltage will
be coupled to the signal grid through "spacecharge" coupling, an effect that increases with
frequency. If there is relatively little frequency
difference between oscillator and signal, as for
example a 14- or 28- Mc, signal and an i.f. of 455
Ice., this voltage can become considerable because
the selectivity of the signal circuit will be unable
to reject it. If the signal grid is not returned
directly to ground, but instead is returned
through a resistor or part of an a.v.c. system,
considerable bias can be developed which will
cut down the gain. For this reason, and to reduce
image response, the i.f. following the first converter of areceiver should be not less than 5or 10
percent of the signal frequency, for best results.
Audio Converters
Converter circuits of the type shown in Fig.
5-12 can be used to advantage in the reception of
c.w. and single-sideband suppressed-career signals, by introducing the local oscillator on the
No. 1grid, the signal on the No. 3grid, and working the tube into an audio load. Its operation can

(B)

(c)

Fig. 5-13 — High-frequency oscillator circuits. A, pentode grounded-plate oscillator; B, triode groundedplate oscillator; C, triode oscillator with tickler circuit.
Coupling to the mixer may be taken from points Xand Y. In
Aand B. coupling from Ywill 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 B
Circuit C
Circuit A
100 ppfd.
100 ppfd.
- 100 pad.
C2 — 0.1 dd.
0.1 pfil.
0.1 pfd.
C3 — 0.1 afd.
Iti — 47,000 ohms. 47,000 ohms. 47,000 ohms.
I
12 — 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 II and C, R2is used to drop the supply voltage to
100-150 volts; it may be omitted if voltage is obtained
from avoltage divider in the power supply.
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in voltage and loading. Thermal effects (slow
change in frequency because of tube or circuit
heating) should be minimized. They can be
reduced by using ceramic instead of bakelite
insulation in the r.f. circuits, a large cabinet
relative to the chassis (to provide for good radiation of developed heat), minimizing the number
of high-wattage resistors in the receiver and putting them in the separate power supply, and not
mounting the oscillator coils and tuning condenser too close to a tube. Propping up the lid
of a receiver will often reduce drift by lowering
the terminal temperature of the unit.
Sensitivity to vibration and shock can be
minimized by using good mechanical support for
coils and tuning condensers, aheavy chassis, and
by not hanging any of the oscillator-circuit components on long leads. Tie-points should be used
to avoid long leads. Stiff short leads are excellent
because they can't be made to vibrate.
Smooth tuning is a great convenience to the
operator, and can be obtained by taking pains
with the mounting of the dial and tuning condensers. They should have good alignment
and no back-lash. If the condensers 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
condensers should be selected with good wiping
contacts to the rotor, since with age the rotor
contacts can be a source of erratic tuning. All
joints in the oscillator tuning circuit should be
carefully soldered, because a loose connection or
"rosin joint" can develop trouble that is sometimes 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 ashift in the frequency.
In addition, the oscillator must be capable
of furnishing sufficient r.f. voltage and power
for the particular mixer circuit chosen, at all
frequencies within the range of the receiver,

and its harmonic output should be as low as
possible to reduce the possibility of spurious
responses.
The oscillator plate power should be as low
as is consistent with adequate output. Low
plate power will reduce tube heating and thereby lower the frequency drift. The oscillator
and mixer circuits should be well isolated, preferably by shielding, since coupling other than by
the intended means may result in pulling.
If the h.f.-oscillator frequency is affected by
changes in plate voltage, a voltage-regulated
plate supply (VR tube) can be used.
Circuits
Several oscillator circuits are shown in Fig.
5-13. The point at which output voltage is taken
for the mixer is indicated in each case by X or
Y. Circuits A and B will give about the same
results, and require only one coil. However, in
these two circuits the cathode is above ground
potential for r.f., which often is a cause of hum
modulation of the oscillator output at 14 Mc.
and higher frequencies when a.c.-heated-cathode
tubes are used. The circuit of Fig. 5-13C reduces
hum because the cathode is grounded. It is simple
to adjust, and it is also the best circuit to use with
filament-type tubes. With filament-type tubes,
the other two circuits would require r.f. chokes to
keep the filament above r.f. ground.
Besides the use of a fairly high CIL ratio in
the tuned circuit, it is necessary to adjust the
feed-back to obtain optimum results. Too much
feed-back may cause the oscillator to "squeg"
and generate several frequencies simultaneously;
too little feed-back will cause the output to be
low. In the tapped-coil circuits ( A, B), the feedback is increased by moving the tap toward the
grid end of the coil. Using the oscillator shown
at C, feed-back is obtained by increasing the
number of turn ,:on
or hy moving L2 closer to
LI.

The Intermediate- Frequency Amplifier
One major advantage of the superhet is that
high gain and selectivity can be obtained by
using a good i.f. amplifier. This can be a onestage affair in simple receivers, or two or three
stages in the more elaborate sets.
Choice of Frequency
The selection of an intermediate frequency
is acompromise between conflicting factors. The
lower the i.f. the higher the selectivity and gain,
but alow i.f. brings the image nearer the desired
signal and hence decreases the image ratio. A
low i.f. also increases pulling of the oscillator
frequency. On the other hand, ahigh i.f. is beneficial to both image ratio and pulling, but the
selectivity and gain are lowered. The difference
in gain is least important.
An i.f. of the order of 455 ke. gives good selectivity and is satisfactory from the standpoint of
image ratio and oscillator pulling at frequencies

up to 7 Mc. The image ratio is poor at 14 Mc.
when the mixer is connected to the antenna, but
adequate when there is a tuned r.f. amplifier
between antenna and mixer. At 28 Mc. and on
the very-high frequencies, the image ratio is very
poor unless several r.f. stages are used. Above 14
Mc., pulling is likely to be bad unless very loose
coupling can be used between mixer and oscillator.
With an i.f. of about 1600 kc., satisfactory
image ratios can be secured on 14, 28 and 50
Mc. but the i.f. selectivity is considerably lower.
For frequencies of 28 Mc. and higher, the best
solution is to use a double superheterodyne,
choosing one high i.f. for image reduction (5
and 10 Mc. are frequently used) and a lower
one for gain and selectivity.
In choosing an i.f. it is wise to avoid frequencies on which there is considerable activity by
the various radio services, since such signals

88

CHAPTER 5

may be picked up directly on the i.f. wiring.
Shifting the i.f. or better shielding are the solutions to this interference problem.
Fidelity; Sideband Cutting
Modulation of a carrier causes the generation of sideband frequencies numerically equal
to the carrier frequency plus and minus the
highest modulation frequency present. If the
receiver is to give a faithful reproduction of
modulation that contains, for instance, audio
frequencies up to 5000 cycles, it must at least be
capable of amplifying equally all frequencies contained in a band extending from 5000 cycles
above or below the carrier frequency. In asuperheterodyne, where all carrier frequencies are
changed to the fixed intermediate frequency, this
means that the i.f. amplifier should amplify
equally well all frequencies within that band. In
other words, the amplification must be uniform
over aband 5kc. wide, when the carrier is set at
one edge. If the carrier is set in the center, a
10-kc. band is required. The signal-frequency
circuits usually do not have enough over-all
selectivity to affect materially the "adjacentchannel" selectivity, so that only the i.f.-amplifier
selectivity need be considered.
If the selectivity is too great to permit uniform amplification over the band of frequencies occupied by the modulated signal, some
of the sidebands are "cut." While sideband cutting reduces fidelity, it is frequently preferable
to sacrifice naturalness of reproduction in favor
of communications effectiveness.
The selectivity of an i.f. amplifier, and hence
the tendency to cut sidebands, increases with
the number of amplifier stages and also is greater
the lower the intermediate frequency. From the
standpoint of communication, sideband cutting
is never serious with two-stage amplifiers at
frequencies as low as 455 kc. A two-stage i.f.
amplifier at 85 or 100 ke. will be sharp enough to
cut some of the higher-frequency sidebands, if
good transformers are used. However, the cutting
is not at all serious, and the gain in selectivity is
worthwhile if the receiver is used in the lowerfrequency bands.
Circuits
I.f. amplifiers usually consist of one or two
stages. At 455 ke. two stages generally give
all the gain usable, and also give suitable selectivity for ' phone reception.
A typical circuit arrangement is shown in
Fig. 5-14. A second stage would simply duplicate the circuit of the first. The if. amplifier
practically always uses a remote cut-off pentode-type tube operated as aClass A amplifier.
For maximum selectivity, double-tuned transformers are used for interstage coupling, although single- tuned circuits or transformers
with untuned primaries can be used for coupling, with aconsequent loss in selectivity. All
other things being equal, the selectivity of an
i.f. amplifier is proportional to the number of
tuned circuits in it.

In Fig. 5-14, the gain of the stage is reduced
by introducing a negative voltage to the lead
marked "to a.v.c." or a positive voltage to R1
at the point marked "to manual gain control."
In either case, the voltage increases the bias on
the tube and reduces the mutual conductance
and hence the gain. When two or more stages are
used, these voltages are generally obtained from
common sources. The decoupling resistor, R3,
helps to prevent unwanted interstage coupling.
C2 and R4 are part of the automatic volumecontrol circuit (described later); if no a.v.c. is
used, the lower end of the i.f.-transformer secondary is connected to ground.
In a two-stage amplifier the screen grids of
both stages may be fed from a common supply,
either through a resistor (
R2) as shown, the
screens being connected in parallel, or from a
voltage divider across the plate supply. Separate screen voltage-dropping resistors are preferable for preventing undesired coupling between
stages.
Typical values of cathode and screen resistors for common tubes are given in Table
5-II. The 6K7, 65K7, 6BJ6 and 7H7 are recommended for i.f. work. The indicated screen resistors drop the plate voltage to the correct
screen voltage, as R2 in Fig. 5-14.
When two stages are used the high gain will
tend to cause instability and oscillation, so
that good shielding, by-passing, and careful
circuit arrangement to prevent stray coupling,
with exposed r.f. leads well separated, are necessary.
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 coils and tuning
condensers are mounted. Both air-core and
powdered iron-core universal-wound coils are
used, the latter having somewhat higher Qs
and hence greater selectivity and gain. In universal windings the coil is wound in layers with
each turn traversing the length of the coil, back
and forth, rather than being wound perpendicular to the axis as in ordinary single-layer coils.
In a straight multilayer winding, a fairly large
IFTrans

Plate of
precedng
stage

If Trans_
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I

,state
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To manual
gain control
+5
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Fig. 5-14— Typical intermediate-frequency amplifier circuit for asuperheterody ne receiver. Representative values
for components are as follows:
Co — 0.1 pfd. at 455 kc.; 0.01 pfd. at 1600 kc. and higher.
C2 — 0.01 dd.
Ca, C4, Ca — 0.1

pfd. at 455 ke.; 0.01 pfd. above 1600 kc.
RI, 112 — See Table 5-11. Ra — 1800 ohms.
0.27 megohm.

R4
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Selectivity
The over-all selectivity of the r.f. amplifier
will depend on the frequency and the number
of stages. The following figures are indicative
of the bandwidths to be expected with goodquality transformers in amplifiers so constructed
as to keep regeneration at aminimum:

Intermediate Frequency
One stage, 50 kc. (iron core)...
One stage, 455 kc. (air core) ...
One stage, 455 kc. (iron core) ..
Two stages, 455 kc. (iron core).
Two stages, 1600 he.
Two stzur,• 5(88) he

PERMEABILITV TUNED

Fig. 5-15 — Representative i.f.-transformer construction. Coils are supported on insulating tubing or ( in the
air-tuned type) on wax-impregnated wooden dowels.
The shield id the air-tuned transformer prevents capacity coupling between the tuning condensers. In the
permeability-tuned transformer the cores consist of
finely-divided iron particles supported in an insulating binder, formed into cylindrical "plugs." The
tuning capacity is fixed, and the inductances of the
coils are varied by moving the iron plugs in and out.
capacity can exist between layers. Universal
winding, with its "criss-crossed" turns, tends to
reduce distributed-capacity effects.
For tuning, air-dielectric tuning condensers
are preferable to mica compression types because
their capacity is practically unaffected by changes
in temperature and humidity. Iron-core transformers may be tuned by varying the inductance
(permeability tuning), in which case stability
comparable to that of variable air-condenser
tuning can be obtained by use of high-stability
fixed mica condensers. Such stability is of great
importance, since a circuit whose frequency
"drifts" with time eventually will be tuned to a
different frequency than the other circuits,
thereby reducing the gain and selectivity of the
amplifier. Typical i.f.-transformer construction
is shown in Fig. 5-15.
Besides the type of i.f. transformer shown in
Fig. 5-15, special units to give desired selectivity characteristics are available. For higherthan-ordinary adjacent-channel selectivity tripletuned transformers, with a third tuned circuit
inserted between the input and output windings,
are sometimes used. The energy is transferred
from the input to the output windings via this
tertiary winding, thus adding its selectivity to
the over-all selectivity of the transformer. Variable-selectivity transformers also can be obtained.
These usually are provided with a third (untuned) winding which can be connected to a
resistor, thereby loading the tuned circuits and
decreasing the Q to broaden the selectivity curve.
The resistor is switched in and out of the circuit
to vary the selectivity. Another method is to
vary the coupling between primary and secondary, overcoupling being used to broaden the
selectivity curve. Special circuits using single
tuned circuits, coupled in any of several different
ways, are used ihi some applications..

Bandwidth in Kilocycles
2 times 10 times 100 times
down
down
down
0.8
1.4
2.8
8.7
17.8
32.3
4.3
10.3
20.4
2.9
6.4
10.8
11.0
16.6
27.4
25.8
46.0
100.0

Tubes for I.F. Amplifiers
Variable-g (remote cut-off) pentodes are almost invariably used in i.f. amplifier stages,
since grid-bias gain control is practically always
applied to the i.f. amplifier. Tubes with high
plate resistance will have least effect on the
selectivity of the amplifier, and those with high
mutual conductance will give greatest gain. The
choice of i.f. tubes has practically no effect on the
signal-to-noise ratio, since this is determined by
the preceding mixer and r.f. amplifier (if the
latter is used).
When single-ended tubes are used, the plate
and grid leads should be well separated. With
these tubes it is advisable to mount the screen
by-pass condenser directly on the bottom of the
socket, crosswise between the plate and grid
pins, to provide additional shielding. The outside
foil of the condenser should be connected to
ground.

•

THE SECOND DETECTOR AND
BEAT OSCILLATOR
Detector Circuits

The second detector of a superheterodyne
receiver performs the same function as the detector in the simple receiver, but usually operates
at a higher input level because of the relatively

TABLE 5-11
,Cathode and Screen-Dropping
Resistors for R.F. or I.F. Amplifiers

Tube
6AB7
6AC7

6AK5
6AU6
6BA6
61316
6J7
6K7
6SG7
6SG7
6SH7
6SJ7
6SK7
7G7/1232
7H7

Plate
Volta
300
300
180
250
250
250
250
250
250
250
250
250
250
250
250

Screen
Volta

120
150
100
100
100
125
125
150
150
100
100
100
150

Cathode
Resistor
200 ohms
160
200
68
68
82
1200
240
68
200
68
820
270
270
180

Screen
Resistor
33,000 ohms
62,000
27,000
33,000
33,000
47,000
270,000
47,000
27,000
47,000
39,000
180,000
56,000
68,000
27,000
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— Automatic volume-control
circuit using adual-diode-triode as a
combined a.v.c. rectifier, second detector and first a.f. amplifier.
Hi— O.27 megohm.
112 — 50,000 to 250,000 ohms.
R3 — 1800 ohms.
114 — 2to 5megohms.
RO— 0.5 to 1megohm.
Rs, 117, Rs, Ro — 0.25 megohm.
Rio — 0.5-megohm variable.
Ci, C2, C3 — 100 pad.
C4 — 0.1 pftl.
CO, Cs, C7 — 0.01 pfd.
CO, CO — 0.01 to 0.1 pfd.
Cia — 5- to 10-mfd. electrolytic.
CH— 270 ppfd.
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Fig. 516

great amplification ahead of it. Therefore, the
ability to handle large signals without distortion
is preferable to high sensitivity. Plate detection
is used to some extent, but the diode detector is
most popular. It is especially adapted to furnishing automatic gain or volume control. The basic
circuits have been described, although in many
cases the diode elements are incorporated in a
multipurpose tube that contains an amplifier
section in addition to the diode.
The Beat Oscillator
Any standard oscillator circuit may be used
for the beat oscillator required for heterodyne
reception. Special beat-oscillator transformers
are available, usually consisting of a tapped
coil with adjustable tuning; these are most conveniently used with the circuits shown in Fig.
5-13A and B, with the output taken from Y. A
variable condenser of about 25-milfd. capacity
may be connected between cathode and ground
to provide fine adjustment of the frequency. The
beat oscillator usually is coupled to the seconddetector tuned circuit through a fixed condenser
of afew 141.‘fd. capacity.
The beat oscillator should be well shielded,
to prevent coupling to any part of the receiver
except the second detector and to prevent its
harmonics from getting into the front end and
being amplified along with desired signals. The
b.f.o. power should be as low as is consistent with
sufficient audio-frequency output on the strongest
signals. However, if the beat-oscillator output
is too low, strong signals will not give a proportionately strong audio signal. Contrary to some
opinion, aweak b.f.o. is never an advantage.

e

AUTOMATIC VOLUME CONTROL

Automatic regulation of the gain of the receiver in inverse proportion to the signal strength
is an operating convenience in ' phone reception,
since it tends to keep the output level of the
receiver constant regardless of input-signal
strength. The average rectified d.c. voltage,
developed by the received signal across a resistance in adetector circuit, is used to vary the
bias on the r.f. and i.f. amplifier tubes. Since this
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voltage is proportional to the average amplitude
of the signal, the gain is reduced as the signal
strength becomes greater. The control will be
more complete as the number of stages to which
the a.v.c. bias is applied is increased. Control of
at least two stages is advisable.
Circuits
A typical circuit using a diode-triode type
tube as a combined a.v.c. rectifier, detector and first audio amplifier as shown in Fig.
5-16. One plate of the diode section of the
tube is used for signal detection and the other
for a.v.c. rectification. The a.v.c. diode plate
is fed from the detector diode through the
small coupling condenser, C. A negative bias
voltage resulting from the flow of rectified carrier current is developed across R4, the diode
load resistor. This negative voltage is applied to
the grids of the controlled stages through the
filtering resistors, 14, R6, R7 and R8. When S1 is
closed the a.v.c. line is grounded, removing the
a.v.c. bias from the amplifiers.
It does not matter which of the two diode
plates is selected for audio and which for a.v.c.
Frequently the two plates are connected together and used as acombined detector and a.v.c.
rectifier. This could be done in Fig. 5-16. The
a.v.c. filter and line would connect to the junction
of R2 and Ca, while C3 and R4 would be omitted
from the circuit.
Delayed A.V.C.
In Fig. 5-16 the audio-diode return is made
directly to the cathode and the a.v.c. diode is
returned to ground. This places bias on the a.v.c.
diode equal to the d.c. drop through the cathode
resistor (avolt or two) and thus delays the application of a.v.c. voltage to the amplifier grids,
since no rectification takes place in the a.v.c.
diode circuit until the carrier amplitude is large
enough to overcome the bias. Without this delay
the a.v.c. would start working even with a very
small signal. This is undesirable, because the
full amplification of the receiver then could not
be realized on weak signals. In the audio-diode
circuit fixed bias would cause distortion, so the
return there is directly to the cathode.
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Time Constant
The time constant of the resistor-condenser
combinations in the a.v.c. circuit is an important
part of the system. It must be high enough so
that the modulation on the signal is completely
filtered from the d.c. output, leaving only an
average d.c. component which follows the relatively slow carrier variations with fading. Audiofrequency variations in the a.v.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 great or the a.v.c.
will be unable to follow rapid fading. The capacitance and resistance values indicated in Fig.
5-16 will give atime constant that is satisfactory
for average reception.
C. W.
A.v.c. can be used for c.w. reception but the
circuit is more complicated. The a.v.c. voltage
must be derived from a rectifier that is isolated
from the beat-frequency oscillator (otherwise the
rectified b.f.o. voltage will reduce the receiver
gain even with no signal coming through). This
is generally done by using aseparate a.v.c. channel connected to an i.f. amplifier stage ahead of
the second detector (and b.f.o.). If the selectivity
ahead of the a.v.c. rectifier isn't good, strong
adjacent signals will develop a.v.c. voltages that
will reduce the receiver gain while listening to
weak signals. When clear channels are available,

however, c.w. a.v.c. will hold the receiver output
constant over awide range of signal input. A.v.c.
systems designed to work on c.w. signals must
have fairly long time constants to work with
slow-speed sending, and often aselection of time
constants is made available.
Amplified A. V. C.
The a.v.c. system shown in Fig. 5-16 will not
hold the audio output of the receiver exactly
constant, although the variation becomes less
as more stages are controlled by the a.v.c. voltage.
The variation also becomes less as the delay
voltage is increased, although there will, of
course, be variation in output if the signal intensity is below the delay-voltage level at the
a.v.c. rectifier. In the circuit of Fig. 5-16, the
delay voltage is set by the proper operating bias
for the triode portion of the tube. However,
a separate diode may be used, as shown in Fig.
5-17A. Since such a system requires a large
voltage at the diode, aseparate i.f. stage is sometimes used to feed the delayed a.v.c. diode, as
in Fig. 5-17B. A system like this, often called
an "amplified a.v.c." system, gives superlative
control action, since it maintains full receiver
sensitivity for weak signals and substantially
uniform audio output over a very wide range of
signal strengths.

3
(B)

Th

Aodio

F"—"Amplifier

Fig. 5.17 — Delayed a.v.c. is shown at A, and amplified
and delayed a.v.c. is shown in B. The circuit at B gives
excellent a.v.c. action over awide range, with no impairment of sensitivity for weak signals. For either
circuit, typical values are:
Ci — 0.001 µM.
Ri, R2 — 1.0 megohm.
C2 - 100 mad.
113, R4 — Voltage divider.

+250

To Contra/leí
Stayes

Resistors R3 and R4 are carefully proportioned to give
the desired delay voltage at the cathode of diode 1/2.
Bleeder current of 1or 2ma. is ample, and hence the
bleeder can be figured on 1000 or SOO ohms per volt. The
delay voltage should be in the vicinity of 3or 4for a
simple receiver and 20 or 30 in the case of amultitube
high-gain affair.
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CHAPTER 5
Noise Reduction
Types of Noise

In addition to tube and circuit noise, much
of the noise interference experienced in reception of high-frequency signals is caused by domestic or industrial electrical, equipment and by
automobile ignition systems. The interference is
of two types in its effects. The first is the "hiss"
type, consisting of overlapping pulses similar
in nature to the receiver noise. It is largely reduced by high selectivity in the receiver, especially for code reception. The second is the
"pistol-shot" or "machine-gun" type, consisting
of separated impulses of high amplitude. The
"hiss" type of interference usually is caused by
commutator sparking in d.c. and series-wound
a.c. motors, while the "shot" type results from
separated spark discharges (a.c. power leaks,
switch and key clicks, ignition sparks, and the
like).
The only known approach to reducing tube
and circuit noise is through better "front-end"
design and through more over-all selectivity.
Impulse Noise
Impulse noise, because of the short duration of the pulses compared with the time between them, must have high amplitude to
contain much average energy. Hence, noise of
this type strong enough to cause much interference generally has an instantaneous amplitude
much higher than that of the signal being received. The general principles of devices intended
to reduce such noise is to allow the desired signal
2nd Deter tor

co

(A)

To Aud to
omphfier

+30V.

3
Amplifier

(B)
Fig. 5- 18— Series-valve noise-limiter circuits. A, as
used with an infinite-impedance detector; B, with adiode
detector. Typical values for components are as follows:
RI — 0.27 megohm.
R4 — 20,000 to 50,000 ohms.
R2 — 47,000 ohms.
CI — 270 add.
Rs — 10,000 ohms.
Ca, Ca — 0.1 dd.
All other diode-circuit constants in B are conventional.

to pass through the receiver unaffected, but to
make the receiver inoperative for amplitudes
greater than that of the signal. The greater the
amplitude of the pulse compared with its time
of duration, the more successful the noise reduction.
Another approach is to "silence" (render inoperative) the receiver during the short duration
time of any individual pulse. The listener will
not hear the "hole" because of its short duration, and very effective noise reduction is obtained. Such devices are called "silencers" rather
than "limiters."
In passing through selective receiver circuits,
the time duration of the impulses is increased,
because of the Q of the circuits. Thus the more
selectivity ahead of the noise-reducing device,
the more difficult it becomes to secure good
pulse-type noise suppression.
Audio Limiting
A considerable degree of noise reduction in
code reception can be accomplished by amplitude-limiting arrangements applied to the
audio-output circuit of a receiver. Such limiters
also maintain the signal output nearly constant
during fading. These output-limiter systems are
simple, and adaptable to most receivers. However, they cannot prevent noise peaks from
overloading previous stages.

•SECOND- DETECTOR NOISE
LIMITER CIRCUITS

The circuit of Fig. 5-18 "chops" noise peaks
at the second detector of a superhet receiver
by means of a biased diode, which becomes
nonconducting above a predetermined signal
level. The audio output of the detector must
pass through the diode to the grid of the amplifier tube. The diode normally would be nonconducting with the connections shown were
it not for the fact that it is given positive bias
from a 30-volt source through the adjustable
potentiometer, R3.Resistors R1 and R2 must
be fairly large in value to prevent loss of audio
signal.
The audio signal from the detector can be
considered to modulate the steady diode current, and conduction will take place so long as
the diode plate is positive with respect to the
cathode. When the signal is sufficiently large
to swing the cathode positive with respect to
the plate, however, conduction ceases, and
that portion of the signal is cut off from the
audio amplifier. The point at which cut-off
occurs can be selected by adjustment of R3.
By setting R3 so that the signal just passes
through the "valve," noise pulses higher in
amplitude than the signal will be cut off. The
circuit of Fig. 5-18A, using an infinite-impedance detector, gives apositive voltage on rectifi-
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cation. When the rectified voltage is negative,
as it is from the usual diode detector, the circuit
arrangement shown in Fig. 5-18B must be used.
An audio signal of about ten volts is required
for good limiting action. The limiter will work
on either c.w. or ' phone signals, but in either
case the potentiometer must be set at a point
determined by the strength of the incoming
signal.
Second-detector noise-limiting circuits that
automatically adjust themselves to the receiver
carrier level are shown in Fig. 5-19. In either
circuit, V1 is the usual diode second detector,
RiR 2 is the diode load resistor, and CI is an r.f.
by-pass. A negative voltage proportional to the
carrier level is developed across C2,and this voltage cannot change rapidly because 14 and C2
are both large. In the circuit at A, diode V2 acts
as aconductor for the audio signal up to the point
where its anode is negative with respect to the
cathode. Noise peaks that exceed the maximum
carrier-modulation level will drive the anode
negative instantaneously, and during this time
the diode does not conduct. The large time constant of C214 prevents any rapid change of the
reference voltage. In the circuit at B, the diode
V2 is inactive until its cathode voltage exceeds
its anode voltage. This condition will obtain
under noise peaks and, when it does, the diode
.
1
73 short-circuits the signal and no voltage is
passed on to the audio amplifier. Diode rectifiers
such as the 6H6 and 6AL5, or the 1N34 germanium crystal diode, can be used for these types
of noise limiters. Neither circuit is useful for
c.w. reception, but they are both quite effective
for 'phone work.

Audio
Amplifier

Fig. 5-19 — 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 6AL5, or Type 1N34
crystals can be used.
C1 — 100 ;
ed.
C2, C3 — 0.05 dd.
RI— 0.27 meg. in A; 47,000 ohms
in B.
R2 — 0.27 meg. in A; 0.15 meg.
in B.
Ra — 1.0 megohm.
R4-0.82 megohm.

"threshold control," 112, so that rectification
will not start until the noise voltage exceeds the
desired signal amplitude. With automatic volume
control the a.v.c. voltage can be applied to the
grid of the noise amplifier, to augment this
threshold bias. In atypical instance, this system
improved the signal-to-noise ratio some 30 db.
(power ratio of 1000) with heavy ignition interference, raising the signal-to-noise ratio from
—10 db. without the silencer to + 20 db. with
the ,ilencer.
•

SIGNAL STRENGTH AND
TUNING INDICATORS

An indicator that will show relative signal
strength is a useful receiver accessory. It is an
aid in giving reports to transmitting stations,
and it is helpful in aligning the receiver circuits,
in conjunction with a test oscillator or other
steady signal.
Three types of indicators are shown in Fig.
5-21. That at A uses an electron-ray tube, several
types of which are available. The grid of the
triode section usually is connected to the a.v.c.
line. The particular type of tube used depends
upon the voltage available for its grid; where the

IF. Noise Silencer
In the circuit shown in Fig. 5-20, noise pulses
are made to decrease the gain of an i.f. stage
momentarily and thus silence the receiver for
the duration of the pulse. Any noise voltage in
excess of the desired signal's maximum i.f. voltage
is taken off at the grid of the i.f. amplifier, amplified by the noise-amplifier stage, and rectified
by the full-wave diode noise rectifier. The noise
circuits are tuned to the i.f. The rectified noise
voltage is applied as apulse of negative bias to the
No. 3 grid of the 6L7 i.f. amplifier, wholly or
partially disabling this stage for the duration
of the individual noise pulse, depending on the
amplitude of the noise voltage. The noise-amplifier/rectifier circuit is biased by means of the

o
+6
Fig. 5-20 — I.I. noise-silencing circuit. The plate supply
should be 250 volts. Typical values for components are:
CI — 50 —250 mad. (use smallest value possible without
rd. feed-back).
C2 — 47 p:ifd.
R2 — 5000-ohm variable.
C3 — 0.1 dd.
R8 — 22,000 ohms.
RI, R4, Ra — 0.1 meg. RFC — 20 mh.
Ti — Special i.f. transformer for noise rectifier.
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a.v.c. voltage is large, a remote cut-off type
(6G5, 6N5 or 6AD6G) should be used in preference to the sharp cut-off type (6E5).
In B, a milliammeter is connected in series
with the d.c. plate lead to one or more r.f. and
i.f. tubes, the grids of which are controlled by
a.v.c. voltage. Since the plate current of such
tubes varies with the strength of the incoming
signal, the meter will indicate relative signal
intensity and may be calibrated in db. above and
below some input-voltage reference level. The
scale range of the meter should be chosen to fit
the number of tubes in use; the maximum plate
current of the average remote cut-off r.f. pentode
is from 7to 10 milliamperes. The shunt resistor,
R,enables setting the plate current to the 'fullscale value ("zero adjustment"). With this system the ordinary meter reads downward from
full scale with increasing signal strength.
The system at C uses a0-1 milliammeter in a
bridge circuit, arranged so that the meter reading and the signal strength increase together.
The current through the branch containing R1
should be approximately equal to the current
through that containing R2. In some manufactured receivers this is done by draining the
screen voltage-divider current and the current
to the screens of three r.f. pentodes ( r.f. and i.f.
stages) through R2,the sum of these currents
being about equal to the maximum plate current
of one a.v.c.-controlled tube. The sensitivity
can be increased by increasing the resistance of
RI,R2 and R3.The initial setting is made with
the manual gain control set near maximum,
when R3should be adjusted to make the meter
read zero with no signal.

AVC

1Meg

Line

of

1F

RF

1F

R.F. or LE

Screens
and voltage
divider

Fig. 5-21 — Tuning-indicator or S-meter circuits for
superhet receivers. A, electron-ray indicator; B, plate.
current meter for tubes on a.v.c.; C, bridge circuit for
a.v.c.-controlled tube. In B, resistor R should have a
maximum resistance several times that of the milliammeter. In C, representative values for the components
are: RI, 270 ohms; R2, 330 ohms; Ra, 1000-ohm variable.

Improving Receiver Selection

•

INTERMEDIATE- FREQUENCY

AMPLIFIERS

As mentioned earlier in this chapter, one of
the big advantages of the superheterodyne
receiver is the improved selectivity that is possible. This selectivity is obtained in the i.f. amplifier, where the lower frequency allows more
selectivity per stage than at the higher signal
frequency. For ' phone reception, the limit to
useful selectivity in the i.f. amplifier is the point
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 selectivity in 'phone reception requires
good stability in both transmitter and receiver,
so that they will both remain " in tune" during
the transmission. The limit to useful selectivity
in code work is around 100 or 200 cycles for
hand- key speeds, but this much selectivity requires good stability in both transmitter and
receiver, and aslow receiver tuning rate for ease
of operation.

Single- Signal Effect
In heterodyne c.w. reception with a superheterodyne receiver, the beat oscillator is set
to give a suitable audio-frequency beat note
when the incoming signal is converted to the
intermediate frequency. For example, the beat
oscillator may be set to 456 kc. ( the i.f. being
455 Ice.) to give a 1000-cycle beat note. Now,
if an interfering signal appears at 457 kc., or
if the receiver is tuned to heterodyne the incoming signal to 457 kc., it will also be heterodyned by the beat oscillator to produce a 1000cycle beat. Hence every signal can be tuned
in at two places that will give a 1000-cycle beat
(or any other low audio frequency). This audiofrequency image effect can be reduced if the
i.f. selectivity is such that the incoming signal,
when heterodyned to 457 kr., is attenuated to
avery low level.
When this is done, tuning through a given
signal will show a strong response at the desired beat note on one side of zero beat only,
instead of the two beat notes on either side of
zero beat characteristic of less-selective reception, hence the name: single-signal reception.
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The necessary selectivity is not obtained with
nonregenerative amplifiers using ordinary tuned
circuits unless a low i.f. or a large number of
circuits is used.
Regeneration
Regeneration can be used to give a singlesignal effect, particularly when the i.f. is 455 ke.
or lower. The resonance curve of an i.f. stage at
critical regeneration (just below the oscillating
point) is extremely sharp, a bandwidth of 1 ke.
at 10 times down and 5 ke. at 100 times down
being obtainable in one stage. The audio-frequency image of a given signal thus can be reduced by a factor of nearly 100 for a 1000-cycle
beat note ( image 2000 cycles from resonance).
Regeneration is easily introduced into an i.f.
amplifier by providing a small amount of capacity coupling between grid and plate. Bringing
a short length of wire, connected to the grid,
into the vicinity of the plate lead usually will
suffice. The feed-back may be controlled by the
regular cathode-resistor gain control. When the
i.f. is regenerative, it is preferable to operate the
tube at reduced gain (high bias) and depend on
regeneration to bring up the signal strength.
This prevents overloading and increases selectivity.
The higher selectivity with regeneration reduces 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, and the
selectivity varies.
Crystal Filters
Probably the simplest means for obtaining
high selectivity is by the use of a piezoelectric
quartz crystal as a selective filter in the if.
amplifier. Compared to a good tuned circuit,
the Q of such a crystal is extremely high. The
crystal is ground to be resonant at the desired
intermediate frequency. It is then used as a
selective coupler between i.f. stages.
Fig. 5-22 gives a typical crystal-filter resonance curve. For single-signal reception, the
audio-frequency image can be reduced by a
factor of 1000 or more. Besides practically eliminating the a.f. image, the high selectivity of
the crystal filter provides good discrimination
against signals very close to the desired signal
and, by reducing the band-width, reduces the
response of the receiver to noise.
Crystal-Filter Circuits; Phasing
Several crystal-filter circuits are shown in
Fig. 5-23. Those at A and B are practically
identical in performance, although differing in
details. The crystal is connected in a bridge
circuit, with the secondary side of T1,the input
transformer, balanced to ground either through
a pair of condensers, C-C (
A), or by a centertap on the secondary, Ls (
B). The bridge is
completed by the crystal and the phasing con-

1
,,,cr, C2,
which has amaximum capacity somehat higher than the capacity of the crystal
in its holder. When C2 is set to balance the
crystal-holder capacity, the resonance curve of
the crystal circuit is practically symmetrical;
the crystal acts as a series-resonant circuit of
very high Q and thus allows signals of the desired frequency to be fed through Cs to L3L4,
the output transformer. Without Cs, the holder
capacity ( with the crystal acting as a dielectric)
would pass undesired signals.
The phasing control has an additional function besides neutralization of the crystal-holder
capacity. The holder capacity becomes a part
of the crystal circuit and causes it to act as a
parallel-tuned resonant circuit at a frequency
slightly higher than its series-resonant frequency.
Signals at the parallel-resonant frequency thus
are prevented from reaching the output circuit.
The phasing control, by varying the effect of the
holder capacity, permits shifting the parallelresonant frequency over a considerable range,
providing adjustable rejection of interfering signals. The effect of rejection is illustrated in Fig.
5-22.
Additional I.F. Selectivity
Many commercial communications receivers
do not have sufficient selectivity for amateur
use, and their performance can be improved by
adding additional selectivity. One popular
method is to couple a BC-453 aircraft receiver
(war surplus, tuning range 190 to 550 kc.) to the
tail end of the 465-ke. i.f. amplifier in the communications receiver and use the resultant output of the BC-453. The aircraft receiver uses an
85-kc. i.f. amplifier that is quite sharp — 6.5 kc.
wide at — 60 db. — and it helps tremendously in
separating ' phone signals and in backing up crystal filters for improved e.w. reception. (See QST,
January, 1948, page 40.)
o
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Fig. 5-22— Graplical representation of single-signal
selectivity. The shaded area indicates the over-all
bandwidth, or region in which response is obtainable.
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If aBC-453 is not available, it is still asimple
matter to enjoy the benefits of improved selectivity. It is only necessary to heterodyne to alower
frequency the 465-kc. signal existing in the receiver i.f. amplifier and then rectify it after passing it through the sharp low-frequency amplifier.
The Hammarlund Company and the J. W. Miller
Company both offer 50-kc. transformers for this
application.
QST references on high i.f. selectivity include:
McLaughlin, "Selectable Single Sideband," April,
1948; Githens, "Super-Selective C.W. Receiver,"
Aug., 1948.

•RADIO-FREQUENCY AMPLIFIERS

While selectivity to reduce audio-frequency
images can be built into the i.f. amplifier, discrimination against radio-frequency images can
only be obtained in circuits ahead of the first
detector. These tuned circuits and their associated vacuum tubes are called radio-frequency
amplifiers. For top performance of acommunica-
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tions receiver on frequencies above 7 Mc., it is
mandatory that it have one or two stages of r.f.
amplification, for image rejection and improved
sensitivity.
Receivers with an i.f. of 455 ke. can be expected to have some r.f. image response at a
signal frequency of 14 Mc. and higher if only
one stage of r.f. amplification is used. ( Regeneration in the r.f. amplifier will reduce image
response, but regeneration usually requires frequent readjustment when tuning across aband.)
With two stages of r.f. amplification and an i.f.
of 455 lie., no images should be apparent at 14
Mc., but they will show up on 28 Mc. and higher.
Three stages or more of r.f. amplification, with
an i.f. of 455 kc., will reduce the images at 28 Mc.,
but it really takes four or more stages to do a
good job. The better solution at 28 Mc. is to use a
"triple-detection" superheterodyne, with one
stage of r.f. amplification and a first i.f. of 1600
kc. or higher. A normal receiver with an i.f. of
455 kc. can be converted to atriple superhet by
connecting a "converter" (to be described later)
ahead of the receiver.
For best selectivity, r.f. amplifiers should use
high-Q circuits and tubes with high input and
output resistance. Variable-et pentodes are practically always used, although triodes ( neutralized or otherwise connected so that they won't
oscillate) are often used on the higher frequencies because they introduce less noise. Pentodes
are better where maximum image rejection is
desired, because they have less loading effect on
the circuits.

•FEED-BACK

Fig. 5-23 — Crystal-filter circuits of three types. All give
variable bandwidth, with C having the greatest range of
selectivity. Suitable circuit values are as follows: Circuit
A, Ti ,special i.f. input transformer with high-inductance
primary, Li, closely coupled to tuned secondary, L2; Ci,
50-pµfd. variable; C, each 100-pmfd. fixed (mica); C2, 10. to
15-µµ(d. (
max.) variable; Ca, 50-59fd. trimmer; LaC4, i.f.
tuned circuit, with L3 tapped to match crystal-circuit impedance. In circuit 13, Ti is the same as in circuit A except
that the secondary is center-tapped; CI is 100-add. variable; C2, Ca and C4, same as for circuit A; L2L4 is a transformer with primary, L4, corresponding to tap on L3 in A.
In circuit C, Ti is aspecial i.f. input transformer with tuned
primary and low-impedance ,secondary; c, each 100-aufd.
fixed (mica); C2, opposed stator phasing condenser, approximately 8-aafd. maximum capacity each side; LaCa, high-Q
id. tuned circuit; R, 0 to 3000 ohms (selectivity control).

Feed-back giving rise to regeneration and
oscillation can occur in asingle stage or it may
appear as an over-all feed-back through several
stages that are on the same frequency. To avoid
feed-back in asingle stage, the output must be
isolated from the input in every way possible,
with the vacuum tube furnishing the only coupling 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 between output and input circuits, if there is too
high an impedance between cathode and ground
or screen and ground, or if there is any appreciable impedance through which the grid and
plate currents can flow in common. This means
good shielding of coils and condensers in r.f.
and i.f. circuits, the use of good by-pass condensers ( mica or ceramic at r.f., paper or ceramic
at i.f.), and returning all by-pass condensers
(grid, cathode, plate and screen) with short
leads to one spot on the chassis. If single-ended
tubes are used, the screen or cathode by-pass
condenser should be mounted across the socket,
to serve as ashield between grid and plate pins.
Less care is required as the frequency is lowered,
but in high-impedance circuits, it is sometimes
necessary to shield grid and plate leads and to be
careful not to run them close together.
To avoid over-all feed-back in a multi-stage
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amplifier, attention must be paid to avoid running any part of the output circuit back near the
input circuit without first filtering it carefully.
Since the signal-carrying parts of the circuit (the
"hot" grid and plate leads) can't be filtered,
the best design for any multistage amplifier
is astraight line, to keep the output as far away
from the input as possible. For example, an r.f.
amplifier might run along achassis in astraight
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 avery large frequency difference between the
r.f. and the i.f. amplifiers. However, to avoid
any possible coupling, it would be better to run
the i.f. amplifier off at right angles to the r.f.amplifier line, just to be on the safe side. Good
shielding is important in preventing over-all
oscillation in high-gain-per-stage amplifiers, but
it becomes less important when the stage gain
drops to a low value. In a high-gain amplifier,
the power leads (including the heater circuit)
are common to all stages, and they can provide
the over-all coupling if they aren't properly
filtered. Good by-passing and the use of series
isolating resistors will generally eliminate any
possibility of coupling through the power leads.
ILL 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 passband measured in hundreds of kc.
at 14 Mc. or higher, strong signals will be amplified through the r.f. amplifier even though it is
not tuned exactly to them. If these signals are
strong enough, their amplified magnitude may
be measurable in volts after passing through
several r.f. stages. If an undesired signal is strong
enough after amplification in the r.f. stages to
shift the operating point of atube (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-
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Fig. 5-24 — Typical radio-frequency amplifier circuit
for a superheterodyne receiver. Representative values
for components are as follows:
CI, C2, C3, C4 — 0.01 pfd. below 15 Mc., 0.001 dd. at
30 Me.
RI, 112 — See Table 5-11.
113— 1800 ohms.
R4 — 0.22 megohm.
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Fig. 5-25 — Converter-circuit tracking methods. Following are approximate circuit values for 450- to 465-kc.
with tuning ranges of approximately 2.15- to- 1and
C2 having 1I0- pfd. maxim
and the total minimum
capacitance, including C3 or C4, being 30 to 35 odd.

Tuning Range

Li

L2

Co

1.7-4 Me.
3.7-7.5 Mc.
7-15 Me.
14-30 Me.

50 ph.
14 ph.
33 ph.
0.8 ph.

10 ph.
12.2 ph.
3 ph.
0.78 ph.

0.0013 pfd.
0.0022 pfd.
0.0045 pfd.
None used

Approximate values for 150- to 465-kr. i.f.s with a
2.5-to.1 tuning range. C1 and C2 being 350-ppfd. maximum, minimum including C3 and C4 being 40 to 50 pad.

Tuning Range

Li

L2

C6

0.5-1.5 Me.
1.5-4 Mc.
4-10 Mc.
10-25 Mc.

240 ph.
32 ph.
4.5 ph.
0.8 µh.

130 ph.
25 ph.
4 ph.
0.75 µb.

425 add.
0.00115 pfd.
0.0028 pfd.
None used

tered in receivers with several r.f. stages working
at high gain. It shows up as asuperimposed modulation on the signal being listened to, and often
the effect is that asignal can be tuned in at several points. It can be reduced or eliminated by
greater selectivity in the antenna and r.f. stages
(difficult to obtain), the use of variable-a tubes
in the r.f. amplifier, reduced gain in the r.f. amplifier, or reduced antenna input to the receiver.
A receiver designed for minimum croasmodulation will use as little gain as possible ahead of
the high-selectivity stages, to hold strong unwanted signals below the overload point.
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Gain Control

To avoid cross-modulation and other overload effects in the first detector and r.f. stages,
the gain of the r.f. stages is usually made adjustable. This is accomplished by using variable-g tubes and varying the d.c. grid bias,
either in the grid or cathode circuit. If the gain
control is automatic, as in the case of a.v.c.,
the bias is controlled in the grid circuit Manual
control of r.f. gain is generally done in the cathode
circuit. A typical r.f. amplifier stage with the two
types of gain control is shown in Fig. 5-24.
Tracking
In areceiver with no r.f. stage, it is no inconvenience to adjust the high-frequency oscillator
and the mixer circuit independently, because
the mixer tuning is broad and requires little
attention over an amateur band. However, when
r.f. stages are added ahead of the mixer, the r.f.
stages and mixer will require retuning over an
entire amateur band. Hence most receivers with
one or more r.f. stages gang all of the tuning controls to give a single-tuning-control receiver.
Obviously there must exist a constant difference
in frequency ( the i.f.) between the oscillator and
the mixer/r.f. circuits, and when this condition
is achieved the circuits are said to track.
Tracking methods for covering a wide frequency range, suitable for general-coverage receivers, are shown in Fig. 5-25. The tracking
capacity, C5, commonly consists of two con-

densers in parallel, a fixed one of somewhat less
capacity than the value needed and a smaller
variable in parallel to allow for adjustment to
the exact proper value. The trimmer, C4,is first
set for the high-frequency end of the tuning
range, and then the tracking condenser is set for
the low-frequency end. The tracking capacity
becomes larger as the percentage difference between the oscillator and signal frequencies becomes smaller ( that is, as the signal frequency
becomes higher). Typical circuit values are given
in the tables under Fig. 5-25. The coils can be
calculated with the ARRL Lightning Calculator
and then trimmed in the circuit for best tracking.
In amateur-band receivers, tracking is simplified by choosing a bandspread circuit that
gives practically straight-line-frequency tuning
(equal frequency change for each dial division),
and then adjusting the oscillator and mixer
tuned circuits so that both cover the same total
number of kilocycles. For example, if the i.f. is
455 Ice. and the mixer circuit tunes from 7000
to 7300 kc. between two given points on the
dial, then the oscillator must tune from 7455 to
7755 ke. between the same two dial readings.
With the bandspread arrangement of Fig. 5-8A,
the tuning will be practically straight-line-frequency if C2 ( bandset) is 4 times or more the
maximum capacity of C1 (bandspfead), as is
usually the case for strictly amateur-band coverage. C1 should be of the straight-line-capacity
type (semi-circular plates).

Improving Receiver Sensitivity
The sensitivity (signal-to-noise ratio) of a rt.ceiver on the higher frequencies above 20 Mc.
is dependent upon the bandwidth of the receiver and the noise contributed by the " front
end" of the receiver. Neglecting the fact that
the image rejection is poor, a receiver with no
r.f. stage is generally satisfactory, from a sensitivity point, in the 3.5- and 7- Mc. bands. However, as the frequency is increased and the atmospheric noise becomes less, the advantage
of agood "front end" becomes apparent. Hence
at 14 Mc. and higher it is worth while to use
at least one stage of r.f. amplification ahead of
the first detector for best sensitivity as well as
image rejection. The multigrid converter tubes
have very poor noise figures, and even the best
pentodes and triodes are three or four times
noisier when used as mixers than they are when
used as amplifiers.
If the purpose of an r.f. amplifier is to improve
the receiver noise figure at 14 Mc. and higher,
a high-Gm pentode or triode should be used.
Among the pentodes, the best tubes are the
6AC7, 6AK5 and the 6SG7, in the order named.
The 6AK5 takes the lead around 30 Mc. The
6J4, 6J6, 7F8 and triode-connected 6AK5 are the
best of the triodes. For best noise figure, the
antenna circuit should be coupled alittle heavier
than optimum. This cannot give best selectivity
in the antenna circuit, so it is futile to try to
maximize sensitivity and selectivity in this circuit.

When areceiver is satisfactory in every respect
(stability and selectivity) except sensitivity on
14 and/or 28 Mc., the best solution for the amateur is to add apreamplifier, astage or two of r.f.
amplification designed expressly to improve the
sensitivity. If image rejection is lacking in the
receiver, some selectivity should be built into the
pre-amplifier ( it is then called & preselector). If,
however, the receiver operation is poor on the
higher frequencies but is satisfactory on the
lower ones, a "converter" is the best solution.
Some commercial receivers that appear to
lack sensitivity on the higher frequencies can
be improved simply by tighter coupling to the
antenna. Since the receiver manufacturer has
no way to predict the type of antenna that will
be used, he generally designs the input for some
compromise value, usually around 300 or 400
ohms in the high-frequency ranges. If your antenna matches to something far different from
this, the receiver effectiveness can be improved
by proper matching. This can be accomplished
by changing the antenna to the right value (as
determined from the receiver instruction book)
or by using asimple 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
contribution of the antenna circuit.
Commercial receivers can also be " hopped up"
by substituting a high-Gm tube in the first r.f.
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stage if one isn't already there. The amateur
must be prepared to take the consequences,
however, since the stage may oscillate, or not
track without some modification. A simpler
solution is to add the "hot" r.f. stage ahead of
the receiver.
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 provides serves to mask more completely the firstdetector noise, and it also provides a measure of
automatic matching to the antenna through
tighter coupling. However, accurate ganging
becomes a problem, because of the increased
selectivity of the regenerative r.f. stage, and the
receiver almost invariably becomes atwo-handedtuning device. Regeneration should not be overlooked as an expedient, however, and many
amateurs have used it with considerable success.

tubes are the best as regenerative amplifiers, and the feed-back 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
feed-back coupling. This is tricky and another
reason why regeneration is not too widely used.
Gain Control
In areceiver front end designed for best signalto-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 controlled along with the i.f. (and other r.f. stages,
if any), the signal-to-noise ratio of the receiver
will suffer. As the gain is reduced, the G. of the
first tube is reduced, and its noise figure becomes
higher. A good receiver might well have two
gain controls, one for the first r.f. stage and another for the i.f. and other r.f. stages.

Extending the Tuning Range
As mentioned earlier, when a receiver doesn't
cover aparticular frequency range, either in fact
or in satisfactory performance, asimple solution
is to use a converter. A converter is another
"front end" for the receiver, and it is made to
tune the proper range or to give the necessary
performance. It works into the receiver at some
frequency between 1.6 and 10 Mc. and thus
forms with the receiver a "triple-detection"
superhet.
There are several different types of converters
in vogue at the present time. The commonest
type, since it is the oldest, uses aregular tunable
oscillator, mixer, and r.f. stages as desired, and
works into the receiver at a fixed frequency.
A second type uses broad-banded r.f. stages in
the r.f. and mixer stages of the converter, and
only the oscillator is tuned. Since the frequency
the converter works into is high ( 7Mc. or more),
little or no trouble with images is experienced,
despite the broad-band r.f. stages. A third type
of converter uses broad-banded r.f. and output
stages and a fixed-frequency oscillator (self- or
crystal-controlled). The tuning is done with
the receiver the converter is connected to. This
is an excellent system if the receiver itself is
well shielded and has no external pick-up of its
own. Many war-surplus receivers fall in this
category. A fourth type of converter uses afixed
oscillator with ganged mixer and r.f. stages, and
requires two-handed tuning, for the r.f. stages
and for the receiver. The r.f. tuning is not ct iti-

cal, however, unless there are many stages.
The broad-banded r.f. stages have the advantage that they can be built with short leads,
since no tuning capacitors are required and the
unit can be tuned initially by trimming the inductances. They are more prone to cross-modulation than the gang-tuned r.f. stages, however,
because of the lack of selectivity. The fourth
type of converter is probably the most satisfactory, particularly if a crystal-controlled highfrequency oscillator is used. It not only has the
advantage of the best selectivity and protection
against images and cross-modulation, but the
crystal gives it astability unobtainable with selfcontrolled oscillators. Amateurs who specialize
in operation on 28 and 50 Mc. generally use good
converters ahead of conventional communications receivers, and it pays off in better performance for the station.
While converters can extend the operating
range of an existing receiver, their greatest advantage probably lies in the opportunity they
give for getting the best performance on any one
band. By selecting the best tubes and techniques
for any particular band, the amateur is assured
of top receiver performance. With separate converters for each of several bands, changes can
be made in any one without disabling or impairing the receiver performance on another band.
The use of converters ahead of the low-frequency
receiver is rapidly becoming standard practice
on the bands above 14 Mc.

Tuning a Receiver
C. W. Reception
For making code signals audible, the beat
oscillator should be set to a frequency slightly
different from the intermediate frequency. To
adjust the beat-oscillator frequency, first tune
in a moderately-weak but steady carrier with

the beat oscillator turned off. Adjust the receiver
tuning for maximum signal strength, as indicated
by maximum hiss. Then turn on the beat oscillator and adjust its frequency (leaving the
receiver tuning unchanged) to give a suitable
beat note. The beat oscillator need not subse-
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quently be touched, except for occasional checking to make certain the frequency has not drifted
from the initial setting. The b.f.o. may be set
on either the high- or low-frequency side of zero
beat.
The best receiver condition for the reception of
c.w. 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 if. gain control. Under the above conditions, the selectivity
of the receiver is being used to best advantage,
and cross-modulation is minimized. It precludes
the use of a receiver in which the gain of the
first r.f. stage and the i.f. stages are controlled
simultaneously.
Tuning with the Crystal Filter
If the receiver is equipped with acrystal filter
the tuning instructions in the preceding paragraph still apply, but more care must be used
both in the initial adjustment of the beat oscillator and in tuning. The beat oscillator is set as
described above, but with the crystal filter set at
its sharpest position, if variable selectivity is
available. The initial adjustment should be made
with the phasing control in the intermediate
position. Once adjusted, the beat oscillator should
be left set and the receiver tuned to the other
side of zero beat (audio-frequency image) on
the same signal to give a beat note of the same
tone. This beat will be considerably weaker
than the first, and may be " phased out" almost
completely by careful adjustment of the phasing
control. This is the adjustment for normal operation; it will be found that one side of zero beat
has practically disappeared, leaving maximum
response on the other.
An interfering signal having abeat note differing from that of the a.f. image can be similarly
phased out, provided its frequency is not too
near the desired signal.
Depending upon the filter design, maximum
selectivity may cause the dots and dashes to
lengthen out so that they seem to " run together."
It must be emphasized that, to realize the benefits of the crystal filter in reducing interference,
it is necessary to do a/./ tuning with it in the circuit. Its high selectivity often makes it difficult to
find the desired station quickly, when the filter
is switched in only when interference is present.
'Phone Reception
In reception of ' phone signals, the normal
procedure is to set the r.f. and i.f. gain at maximum, switch on the a.v.c., and use the audio gain
control for setting the volume. This insures maximum effectiveness of the a.v.c. system in compensating for fading and maintaiaing constant
audio output on either strong or weak signals.
On occasion astrong signal close to the frequency
of a weaker desired station may take control of
the a.v.c., in which case the weaker station may

disappear because of the reduced gain. In this
case better reception may result if the a.v.c. is
switched off, using the manual r.f. gain control
to set the gain at a point that prevents "blocking" by the stronger signal.
When receiving an AM signal on a frequency
within 5 to 20 kc. from a single-sideband signal
it may also be necessary to switch off the a.v.c.
and resort to the use of manual gain control,
unless the receiver has excellent skirt selectivity.
No ordinary a.v.c. circuit can handle the syllabic
bursts of energy from the SSB st . it
A crystal filter will help reduce interference in
'phone reception. Although the high selectivity
cuts sidebands and reduces the audio output at
the higher audio frequencies, it is possible to use
quite high selectivity without destroying intelligibility. As in c.w. reception, it is advisable to do
all tuning with the filter in the circuit. Variableselectivity filters permit achoice of selectivity to
suit interference conditions.
An undesired carrier close in frequency to a
desired carrier will heterodyne with it to produce a beat note equal to the frequency difference. Such a heterodyne can be reduced by adjustment of the phasing control in the crystal
filter.
A tone control often will be of help in reducing
the effects of high-pitched heterodynes, sideband
splatter and noise, by cutting off the higher audio
frequencies. This, like sideband cutting with high
selectivity, causes some reduction in naturalness.
Spurious Responses
Spurious responses can be recognized without
a great deal of difficulty. Often it is possible to
identify an image by the nature of the transmitting station, if the frequency assignments
applying to the frequency to which the receiver
is tuned are known. However, an image also can
be recognized by its behavior with tuning. If the
signal causes a heterodyne beat note with the
desired signal and is actually on the same frequency, the beat note will not change as the receiver is tuned through the signal; but if the interfering signal is an image, the beat will vary in
pitch as the receiver is tuned. The beat oscillator
in the receiver must be turned off for this test.
Using acrystal filter with the beat oscillator on,
an image will peak on the side of zero beat opposite that on which desired signals peak.
Harmonic response can be recognized by the
"tuning rate," or movement of the tuning dial
required to give aspecified change in beat note.
Signals getting into the i.f. via high-frequency
oscillator harmonics tune more rapidly ( less dial
movement) through a given change in beat
note than do signals received by normal means.
Harmonics of the beat oscillator can be recognized by the tuning rate of the beat-oscillator
pitch control. A smaller movement of the control
will suffice for agiven change in beat note than
that necessary with legitimate signals. In poorlyshielded receivers it is often possible to find b.f.o.
harmonics below 2 Mc., but they should be very
weak at higher frequencies.
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Narrow-Band Frequency- and Phase- Modulation
Reception
FM Reception
In the recut , t
ion of N FM (narrow-band FM)
by a normal AM receiver, the a.v.c. is switched
off and the incoming signal is not tuned "on the
nose," as indicated by maximum reading of the
S-meter, but slightly off to one side or the other.
This puts the carrier of the incoming signal on
one side or the other of the i.f. selectivity characteristic (see Fig. 5-1). As the frequency of the
signal changes back and forth over asmall range
with modulation, these variations in frequency
are translated to variations in amplitude, and the
consequent AM is detected in the normal manner. The signal is tuned in (on one side or the
other of maximum carrier strength) until the
audio quality appears to be best. If the audio is
too weak, the transmitting operator should be
advised to increase his swing slightly, and if the
audio quality is bad ("splashy" and with serious
distortion on volume peaks) he should be advised
to reduce his swing. Cooperation between transmitting and receiving operators is anecessity for
best audio quality. The transmitting station
should always be advised immediately if at any
time his bandwidth exceeds that of an AM signal,
since this is a violation of FCC regulations, except in those portions of the bands where wideband FM is permitted.
If the receiver has a discriminator or other
detector designed expressly for FM reception,
the signal is peaked on the receiver ( as indicated
by maximum
reading or minimum back-

ground noise). There is also aspot on either side
of this tuning condition where audio is recovered
through slope detection, lait the signal will not
be as loud and the background noise will be
higher.
PM Reception
Phase-modulated signals can be received in
the same way that N I'M signals are, except that
in this case the audio output will appear to be
lacking in "lows," because of the differences in
the deviation-vs.-audio characteristics of the two
systems. This can be remedied to a considerable
degree by advancing the tone control of the receiver to the point where more nearly normal
speech output is obtained.
NPM signals can also be received on communications receivers by making use of the crystal
filter, in which case there is no need for audio
compensation. The crystal filter should be set
to the sharpest position and the carrier should
bp tuned in on the crystal peak, not set off to one
side. The phasing condenser should be set not
for exact neutralization but to give a rejection
notch at some convenient side frequency such
as 1000 cycles off resonance. There is considerable
attenuation of the side bands with such tuning,
but it can readily be overcome by using additional audio gain. NFM signals received through
the crystal filter in this fashion will have a
"boomy" characteristic because the lower frequencies are accent ,u,ted.

Reception of Single-Sideband Signals
Single-sideband signals are generally transmitted with little or no carrier, and it is necessary to furnish the carrier at the receiver before
proper reception can be obtained. Because little
or no carrier is transmit ted, the a.v.c. in the receiver has nothing that indicates the average
signal level, and manual variation of the r.f.
gain control is required.
A single-sideband signal can be identified by
the absence of astrong carrier and by the severe
variation of the S- meter at asyllabic rate. When
such a signal is encountered, it should first be
peaked with the main tuning dial. (This centers
the signal in the i.f. passband.) After this operation, do not touch the main tuning dial. Then set
the r.f. gain control at avery low level and switch
off the a.v.c. Increase the audio volume control
to maximum, and bring up the r.f. gain control
until the signal can be heard weakly. Switch on
the beat oscillator, and carefully adjust the frequency of the beat oscillator until proper speech
is heard. If there is a slight amount of carrier
present, it is only necessary to zero-beat the beat
oscillator with this weak carrier. It will be noticed

that with an incorrect setting of the beat oscillator, the speech will sound high- or low-pitched
or even inverted ( very garbled), but no trouble
will be had in getting the correct setting, once a
little experience has been obtained. The use of
minimum r.f. gain and maximum audio gain
will insure that no distortion (overload) occurs in
the receiver. It may require a readjustment of
your tuning habits to tune the b.f.o. slowly enough
to clear up the speech during the first few trials.
Another method of receiving single-sideband
signals is to reinsert the carrier at the signal
frequency. If, for example, you wish to copy a
single-sideband signal that is on 3900 kc., you
can supply the carrier at that frequency (with a
small auxiliary oscillator or frequency meter)
and leave your receiver in the normal condition
for AM reception (a.v.c. on, b.f.o. off). This
method of reception is advantageous in "roundtable" contacts that include a single-sideband
station, because it calls only for careful tuning
of the auxiliary oscillator and not of the receiver.
Further, only the auxiliary oscillator must be
stable.
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Servicing Superhet Receivers
LF. Alignment

A calibrated signal generator or test oscillator
is auseful device for alignment of an i.f. amplifier.
Some means for measuring the output of the receiver is required. If the receiver has a tuning
meter, its indications will serve. Lacking an
S-meter, ahigh-resistance voltmeter or avacuumtube voltmeter can be connected across the second-detector load resistor, if the second detector
is a diode. Alternatively, if the signal generator
is a modulated type, an a.c. voltmeter can be
connected across the primary of the transformer
feeding the ' speaker, or from the plate of the last
audio amplifier through a 0.1-pfd. blocking condenser to the receiver chassis. Lacking an a.c.
voltmeter, the audio output can be judged by
ear, although this method is not as accurate as
the others. If the tuning meter is used as an indication, the a.v.c. of the receiver should be turned
on, but any other indication requires that it be
turned off. Lacking a test oscillator, a steady
signal tuned through the input of the receiver
(if the job is one of just touching up the i.f.
amplifier) will be suitable. However, with no
oscillator and tuning an amplifier for the first
time, one's only recourse is to try to peak the
i.f. transformers on " noise," adifficult task if the
transformers are badly off resonance, as they
are apt to be. It would be much better to spend
a little time and haywire together a simple oscillator for test purposes.
Initial alignment of a new i.f. amplifier is as
follows: The test oscillator is set to the correct
frequency, and its output is coupled through a
condenser to the grid of the last i.f. amplifier
'tube. The trimmer condensers of the transformer
feeding the second detector are then adjusted
for maximum output, as shown by the indicating
device being used. The oscillator output lead is
then clipped on to the grid of the next-to-the-last
i.f. amplifier tube, and the second-from-the-last
transformer trimmer adjustments are peaked for
maximum output. This process is continued,
working back from the second detector, until all
of the i.f. transformers have been aligned. It
will be necessary to reduce the output of the test
oscillator as more of the i.f. amplifier is brought
into use. It is desirable in all cases to use the
minimum signal that will give useful output
readings. The i.f. transformer in the plate circuit
of the mixer is aligned with the signal introduced
to the grid of the mixer. Since the tuned circuit
feeding the mixer grid may have a very low impedance at the i.f., it may be necessary to boost
the test generator output or to disconnect the
tuned circuit temporarily from the mixer grid.
If the i.f. amplifier has a crystal filter, the
filter should first be switched out and the alignment carried out as above, setting the test oscillator as closely as possible to the crystal frequency. When this is completed, the crystal
should be switched in and the oscillator frequency
varied back and forth over a small range either

side of the crystal frequency to find the exact
frequency, as indicated by asharp rise in output.
Leaving the test oscillator set on the crystal
peak, the i.f. trimmers should be realigned for
maximum output. The necessary readjustment
should be small. The oscillator frequency should
be checked frequently to make sure it has not
drifted from the crystal peak.
A modulated signal is not of much value for
aligning a crystal-filter i.f. amplifier, since the
high selectivity cuts sidebands and the results
may be inaccurate if the audio output is used as
the tuning indication. Lacking the a.v.e. tuning
meter, the transformers may be conveniently
aligned by ear, using a weak unmodulated signal adjusted to the crystal peak. Switch on the
beat oscillator, adjust to a suitable tone, and
align the if. transformers for maximum audio
output.
An amplifier that is only slightly out of alignment, as a result of normal drift or aging, can
be realigned by using any steady signal, such as
a local broadcast station, instead of the test
oscillator. One's 100-kc. standard makes an excellent signal source for " touching up" an i.f.
amplifier. Allow the receiver to warm up thoroughly, tune in the signal, and trim the i.f. for
maximum output.
If you bought your receiver instead of making it, be sure to read the instruction book carefully before attempting to realign the receiver.
Most instruction books include alignment
details, and any little special tricks that are
peculiar to the receiver will also lee described.
R.F. Alignment
The objective in aligning the r.f. circuits
of a gang-tuned receiver is to secure adequate
tracking over each tuning range. The adjustment
may be carried out with a test oscillator of suitable frequency range, with harmonics from your
100-kc. standard or other known oscillator, or
even on noise or such signals as may be heard.
First set the tuning dial at the high- frequency
end of the range in use. Then set the test oscillator to the frequency indicated by the receiver
dial. The test-oscillator output may be connected
to the antenna terminals of the receiver for this
test. Adjust the oscillator trimmer condenser
in the receiver to give maximum response on
the test-oscillator signal, then reset the receiver
dial to the low-frequency end of the range. Set
the test-oscillator frequency near the frequency
indicated by the receiver dial and tune the test
oscillator until its signal is heard in the receiver.
If the frequency of the signal as indicated by the
test-oscillator calibration is higher than that
indicated by the receiver dial, more inductance
(or more capacity in the tracking condenser) is
needed in the receiver oscillator circuit; if the
frequency is lower, less inductance ( less tracking
capacity) is required in the receiver oscillator.
Most commercial receivers provide some means
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for varying the inductance of the coils or the
capacity of the tracking condenser, to permit
aligning the receiver tuning with the dial calibration. Set the test oscillator to the frequency indicated by the receiver dial, and then adjust the
tracking capacity or inductance of the receiver
oscillator coil to obtain maximum response. After
making this adjustment, recheck the high-frequency end of the scale as previously described.
It may be necessary to go back and forth between
the ends of the range several times before the
proper combination of inductance and capacity
is secured. In many cases, better over-all tracking
will result if frequencies near but not actually at
the ends of the tuning range are selected, instead
of taking the extreme dial settings.
After the oscillator range is properly adjusted,
set the receiver and test oscillator to the highfrequency end of the range. Adjust the mixer
trimmer condenser for maximum hiss or signal,
then the r.f. trimmers. Reset the tuning dial
and test oscillator to the low-frequency end of
the range, and repeat; if the circuits are properly
designed, no change in trimmer settings should
be necessary. If it is necessary to increase the
trimmer capacity in any circuit, it indicates that
more inductance is needed; if less capacity
resonates the circuit, less inductance is required.
Tracking seldom is perfect throughout a tuning range, so that acheck of alignment at intermediate points in the range may show it to be
slightly off. Normally the gain variation from
this cause will be small, however, and it will
suffice to bring the circuits into line at both ends
of the range. If most reception is in a particular
part of the range, such as an amateur band, the
circuits may be aligned for maximum performance in that region, even though the ends of the
frequency range as a whole may be slightly out
of alignment.
Oscillation in R.F. or I.F. Amplifiers
Oscillation in high- frequency amplifier and
mixer circuits shows up as squeals or " birdies"
as the tuning is varied, or by complete lack of
audible output if the oscillation is strong enough
to cause the a.v.c. system to reduce the receiver
gain drastically. Oscillation can be caused by
poor connections in the common ground circuits.
Inadequate or defective by-pass condensers in
cathode, plate and screen-grid circuits also can
cause such oscillation. A metal tube with an ungrounded shell may cause trouble. Improper
screen-grid voltage, resulting from a shorted or
too-low screen-grid series resistor, also may be
responsible for such instability.

Oscillation in the i.f. circuits is independent
of high- frequency tuning, and is indicated by
a continuous squeal that appears when the gain
is advanced with the c.w. beat oscillator on. It
can result from defects in i.f.-amplifier circuits
similar to those above. Inadequate screen or
plate by-pass capacitance is a common cause of
such oscillation. An additional by-pass condenser
of 0.1 to 0.25 p.fd. often will remedy the trouble.
Instability
"Birdies" or a mushy hiss occurring with tuning of the high-frequency oscillator may indicate
that the oscillator is "squegging" or oscillating
simultaneously at high and low frequencies. This
may be caused by a defective tube, too-high
oscillator plate or screen-grid voltage, excessive
feed-back, or too-high grid-leak resistance.
A varying beat note in c.w. reception indicates
instability in either the h.f. oscillator or beat
oscillator, usually the former. The stability of the
beat oscillator can be checked by introducing a
signal of intermediate frequency ( from a test
oscillator) into the i.f. amplifier; if the beat note
is unstable, the trouble is in the beat oscillator.
Poor connections or defective parts are the likely
cause. Instability in the high-frequency oscillator
may be the result of poor circuit design, loose
connections, defective tubes or circuit components, or poor voltage regulation in the oscillator
plate- and/or screen-supply circuits. Mixer pulling of the oscillator circuit also will cause the
beat not to "chirp" on strong c.w. signals because
the oscillator load changes slightly.
In ' phone reception with a.v.c., a peculiar
type of instability (" motorboating") may appear
if the h.f.-oscillator frequency is sensitive to
changes in plate voltage. As the a.v.c. voltage
rises the currents of the controlled tubes decrease,
decreasing the load on the power supply and
causing its output voltage to rise. Since this increases the voltage applied to the oscillator, its
frequency changes correspondingly, throwing the
signal off the peak of the i.f. resonance curve and
reducing the a.v.c. voltage, thus tending to restore the original conditions. The process then
repeats itself, at arate determined by the signal
strength and the time constant of the powersupply circuits. This effect is most pronounced
with high i.f. selectivity, as when a crystal filter
is used, and can be cured by making the oscillator
insensitive to voltage changes or by regulating
the plate-voltage supply. The better receivers use
VR-type tubes to stabilize the oscillator voltage
— a defective VR tube will cause trouble with
oscillator instability.
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CHAPTER 5
A One- Tube Regenerative Receiver

The receiver shown in Figs. 5-26, 5-27, 5-28
and 5-29 represents close to the minimum
requirements of a useful short-wave receiver.
Under suitable conditions, it is capable of receiving signals from many foreign countries.
It is an excellent receiver for the beginner,
because it is easy to build and the components
are not expensive.

section serving as an audio amplifier to the
headphones. A variable antenna-coupling condenser, Cl
i minimizes " dead spots" in the
tuning range that might be caused by antennaresonance effects. Two tuning condensers are
used. The band-set condenser, C4, tunes to the
desired frequency band, and the bandspread
condenser, C2/C3,allows the operator to tune
slowly through the band. The bandspread condenser is a dual condenser
made from a single midget variable,
and on all of the amateur bands except 3.5 Mc. only the C3 portion is
connected in the circuit. The 3.5- Mc.
coil includes a jumper that connects
C2 on that band. Regeneration is controlled by varying the plate voltage
on the detector with Rg.
The mechanical design is made as
simple as possible. Work on the chassis
and the front panel can be done with
only a No.
drill, a u-inch drill, and
a round file. There is no complicated
metal work or bending. To reduce the
panel size, the knob on the band-set
condenser overlaps the friction- driven
tuning dial.
The front panel is a 7 X 7- inch
110
sheet of 1
46inch aluminum. It carries
the tuning controls, the regeneration
adjustment and the antenna-coupling
Fig. 5-26 — The simple one-tube regenerative receiver is built on a
condenser shaft. The sides of the chaswood-and-Presdwood chassis, with an aluminum panel. The large
sis are soft wood strips, 7 X 2 X
left-hand knob drives the calibrated scale on the bandspread condenser. The large right-hand knob is for the band-set condenser.
inches. The deck of the chassis is a
7 X 7-inch sheet of U- inch Presdwood
From the circuit in Fig. 5-28, it can be seen
(or NIasonite). The 6SN7 socket is supported
on - inch-long mounting pillars, and the 5that the only tube in the receiver is a 6SN7
twin triode. One section is used as aregenerative detector, the other triode

Fig. 5-27 — Another view
of the one- tube regenerative recei,
4low.. how the
tube and coil sockets are
mounted. lite headphone
tips plug into the two small
tip jacks on the rear panel
— the set of four machine
screws and nuts is for connecting to the power supply.
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plates ( counting back from the
front panel). The ninth plate is
removed by twisting it loose
with long-nosed pliers.
Coil sizes and data are given
in the coil table. All coils are
wound on 1-inch diameter 5pin coil forms. The coil for the
80- meter range is close- wound
and requires no treatment, but
the spaced-turns coils should be
secured by running a thin line
of Duco cement across the wire
63V
-160 V+
at several points. Before ceFig. 5-28 — Wiring diagram of the one-tube regenerative receiver.
menting the turns in place,
Cj — Homemade adjustable conRI — 1.5 megolung,
watt.
each coil should be tried in the
denser. See text.
R2 — 0.15 megohm,
watt.
receiver. To obtain smooth reC2, C3 — Reworked midget variable
R3 — 15(X) ohms,
watt.
generation, it may be necessary
(Millen 21935). See text.
R4 — 50,000-olun wire-wound poto make minor coupling adjustC4 — 100-add. midget variable
tentiometer.
(Millen 20100).
Rs — 33,000 ohms, 1watt.
ments ( changes in spacing) beCs — 100-aafd. mica.
RFC1 — 2.5-mh. r.f. choke ( Natween
L1 and L2.
Cs, C7 — 470-apfd. mica.
tional 100U).
The antenna condenser, C1,
Cs — 12-afd. 150-volt electrolytic.
Ti — Interstage audio transformer
Cg — 10-afd. 25-volt electrolv tie.
(Staneor A-4723).
is made from two 1-inch squares
of sheet copper. One plate is
prong coil socket is on h-inch pillars. The grid
secured to the underside of the deck on a tieleak, RI,and grid condenser, C5, are located
point. The other plate is carried by a 3d-inch
above the deck. The back panel is made of
diameter polystyrene rod. Rotating the shaft
Presdwood and carries the binding
swings the moving plate away from the fixed
posts. The binding posts are 9.-inch 6-32 maplate and provides acapacity of from 5to less
chine screws with suitable nuts and washers.
than 1 /
add. The polystyrene rod passes
The chassis is assembled with 3
%-inch No. 6 through the front panel and out the back panel.
round-head wood screws. Upon completion,
It is secured at the back by a %-inch shaft
the assembly is given acoat of flat black paint.
collar. The panel end carries a tuning knob,
The front panel is secured to the chassis side
and a rubber grommet under slight compresmembers with No. 6round- head wood screws.
sion, placed between the knob and the panel,
The bandspread condenser, C2/C3, is made
acts as a friction lock. The moving plate is
by modifying a Millen 21935 variable consecured to the polystyrene rod by a copperdenser. Using ahack-saw blade, the stator bars
wire hairpin soldered to the plate and fixed
are carefully eut between the eighth and ninth
into apair of holes drilled in the rod. A flexible

Fig. 5-29 — This view underneath the one-tube regenerative receiver shows the
arrangement of parts and
the construction of the variable antenna-coupling condenser.
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CHAPTER 5
COIL TABLE FOR THE ONE-TUBE
REGENERATIVE RECEIVER

All coila wound on Millen 45005 1- inch diameter
coil forms. Both Li and La should be wound in the
same direction, with L2 closer to the pins of the
form. The grid end of Li and the plate end of La
should be on the outside ends of the coils.
Range

2.8 — 6Me.
(80 meters)

Li
25 t. No. 26
enam.;

close- wound

5.9 — 13.5 Mc.
(40 meters)

13.4 t. No. 22
enam., spaced
to occupy
,..¡ inch

13.6 — 30 Mc.
(20 and 14
meters)
21.5 — 40 Mc.
(10 and 11
met, rs)

Sep.
Li—L2

L2

4t. No. 28
mum., close-wound

1.!.¡. t. No. 26

34 inch

enam., close- wound

,
4i
I
:
eh

5 t. No. 22
enam., spaced
to occupy
% inch

1
,
4" t. No. 26
enam., close-wound

% indi

1% t. No. 22
enam.;
close-woun,1

1
3
4 t. No. 26
31e Mc!.
cuajo., close-wound

lead is soldered to the protruding wire,
and the lead passes out through ahole
in the side of the chassis to make connection to the antenna. Knots in this
wire, on either side of the chassis wall,
secure the wire firmly in place. The
fixed plate is covered with a single
layer of cellophane Scotch Tape, to
prevent a short-circuit when the
condenser is positioned at maximum
capacity.
All wiring is No. 14 tinned copper.
Direct leads from the condensers to
the coil socket add to the strength and
rigidity of the receiver. The r.f. choke
RFC 1, by-pass condensers, and the
audio transformer all are fastened to
the underside of the deck.
The power supply for the receiver,
shown in Figs. 5-30 and 5-31, is simple
to assemble because it is built on a
wooden chassis. Two strips of 13 X
%
12 inches long, are
3 -inch wood,
nailed to two short end pieces. The
R,

1_,

separation between strips is just enough ( 1%
inches) to clear the tube socket and electrolytic
condensers, and the leads from the transformer
and choke also pass through this opening.
Binding posts are made in the same manner
as on the receiver, with No. 6 machine screws
and suitable nuts and washers.
Although it is satisfactory to mount the
power supply on the same table with the receiver, it should be at least one or two feet
away, to avoid the possibility of a.c. hum
pick-up. For the same reason, the antenna
lead should not pass too close to any a.c.
wiring from or to the power supply.
Using the parts listed in Fig. 5-31 should
result in a power supply that gives about 180
volts when connected to the receiver. However,
if the 6SN7 in the receiver appears to run too
hot ( as tested by touching the tube after the receiver has been running for 5 or 10 minutes),
the output voltage can be reduced by increasing the resistance at RI (Fig. 5-31). Adding

Fig. 5-30 — The power supply for the regenerative receiver
is built on asimple wooden chassis.

5000 or 10,000 ohms in series with R1 should
do the trick. Or it may be possible to borrow
160v a voltmeter for measuring the output voltage.
The tuning procedure for a regenerative receiver is given earlier in this chapter. Even a
o
o
short piece of wire hung inside the operating
o
room will serve as an antenna, but for best results an antenna from 30 to 75 feet long, strung
as high as possible, should be used.
o
In buying headphones for use with this re13.3V.
o
o ceiver, one should avoid the " low-impedance"
headphones offered in many of the surplus outFig. 5-31 — Circuit diagram of the power supply for the
lets. While these headsets are excellent when
regenerative receiver.
used in the proper circuits, this simple receiver
CI, C2 — 16-pfd. 450-volt electrolytic ( Mallory RS-217).
RI— 20,000-ohm 10-watt wire-wound.
requires the use of " high-impedance" headLi — 15-henry 50-ma, filter choke (Stancor C-1080).
phones for maximum signal output. Good, inPI— 115-volt line plug.
expensive headphones of this type can be
Ti — 275.0-275 volts at 50 ma., 6.3 v. at 2.5 amp., 5v.
found in any radio store.
at 2amp. (lizordanon T22R30).
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An Amateur-Band Eight-Tube Superheterodyne
An advanced type of amateur receiver incorporating one r.f. amplifier stage, variable
i.f. selectivity and audio noise limiting is
shown in Figs. 5-32, 5-34 and 5-35. As can be
seen from the circuit in Fig. 5-33, a 6SG7
pentode is used for the tuned r.f. stage ahead of
the 6K8 converter. An antenna compensator,
C4, controlled from the panel, allows one to
trim up the r.f. stage when using different antennas that might modify the tracking. The
cathode bias resistor of the r.f. stage is made
as low as possible consistent with the tube
ratings, to keep the gain and hence the signalto-noise ratio of the stage high. The oscillator
portion of the 6K8 mixer is tuned to the highfrequency side of the signal except on the 28Mc. band, the usual custom nowadays in communications receivers. The oscillator tuning
condenser, C17, is of higher capacity than the
r.f. and mixer tuning condensers, in the interest of better oscillator stability.
The i.f. amplifier is tuned to 455 kc., and the
first stage is made regenerative by soldering a
short length of wire to the plate terminal of the
socket and running it near the grid terminal, as
indicated by Cc, in the diagram. Regeneration
is controlled by reducing the gain of the tube,
and R12, avariable cathode- bias control, serves
this function. The second i.f. stage uses a
6K7, selected because high gain is not necessary at this point.
Manual gain-control voltage is applied to the
r.f. and second i.f. stages. It is not applied to
the mixer because it might pull the oscillator
frequency, and it is not tied in with the first i.f.
amplifier because it would interlock with the
regeneration control used for controlling the
selectivity. However, the a.v.c. voltage is applied to the r.f. and both i.f. stages, with the
result that the selectivity of the regenerative

Fig. 5-32 — An amateur.
band eight-tube receiver.
The knobs on the left control audio volume ( upper)
and b.f.o. pitch, and the
two on the right handle
r.f. and i.f. gain ( upper)
and i.f. regeneration. The
knob to the left of the
large tuning knob
f.,-tened to the 1/.1.\ .A.
V.
C.-B.
F.0 switch, and
the one on the right is for
the antenna trimmer. The
toggle switch under the
dial throws high negative
bias on the r.f. stage during transmission periods.

stage decreases with loud signals and gives a
measure of automatic selectivity control.
Using anegative- voltage power supply for the
manual gain control is more expensive than the
familiar cathode control, but it allows a wide
range of control with less dissipation in the
components. The a.v.c. is of the delayed type,
the a.v.c. diode being biased about 1M volts by
the cathode resistor of the diode-triode detector-audio stage.
The second-detector-and-first-audio is the
usual diode-triode combination and uses a
6SQ7. A 1N34 crystal diode is used as a noise
limiter, and is left in the circuit all of the time.
As is common with this type of circuit, it has
little or no effect when the b.f.o. is on, but it is
of considerable help to ' phone reception on the
bands where automobile ignition is a factor.
The constructor can satisfy himself on its
operation when first building the receiver and
working on it out of the case. By leaving one
end of the 1N34 floating and touching it to the
proper point in the circuit, a marked drop in
ignition noise will be noted.
The b.f.o. is capacity- coupled to the detector by soldering one end of an insulated wire
to the a.v.c. diode plate and wrapping several
turns of the wire around the b.f.o. grid lead.
This capacity is designated CC2 in the diagram.
The wire was connected to the a.v.c. diode
plate lead only for wiring convenience — the
a.v.c. coupling condenser, C32, passing the
b.f.o. voltage without introducing appreciable
attenuation.
Headphone output is obtained from the
plate circuit of the 6SQ7 at J1, and loudspeaker
output is available from the 6F6 audio-amplifier stage. High-impedance or crystal headphones are recommended for maximum headphone output.
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CI, Co, Ci4 — See coil table.
C2, C10, C12, Cis — 10-µi•fd. ceramic.
Ca, Cii — 15-ppfd. midget variable ( National
N1-15).
C4 — 15- ofd. midget variable (Hammarlund IIF-15).
Cs, Co, C7, CS, C13, C19, C20, C2I, C22, C23, C24, C25, C26,
C27, C2S, C29, C39 — 0.01-pfd. mica or ceramic.
C15 — 37-ppfd. ceramic ( 10 and 27 in parallel).
Ci6, C30. C32 — 100-ppfd. mica.
C17 — 35. 5 d. midget variable ( National UM-35).
C3i — 220-ppfd. mica or ceramic.
C33 — 0.05-pfd. paper, 200 volts.
C34 — 0.1-pfd. paper, 200 volts.
C35, C37 — 10-pfd. 25-volt electrolytic.
C36 — 0.1-pfd. paper, 400 volts.
C38 — 35-aafd. midget variable (Ilammarlund HF35).

-275

+105

Fig. 5-33 — Circuit diagram of the eight-tube receiver.
Cci, Cc2 — See text.
RI, Rio, R16, 1130 — 0.1 megohm.
82 — 68 ohms.
83, 814 — 33,000 ohms.
114, 146, Rs, Rs, 1116, Ills, Rio — 470 ohms.
116, 813, 820, 821 — 47,000 ohms.
117 — 220 ohms.
Rit — 180 ohms.
1112 — 2000-ohm wire-wound potentiometer.
817 — 330 ohms.
1122, R23, 1129, 1133 — 1.0 megohm.
1124, 825 — 0.15 megohm.
1125 — 2700 ohms.
1126 — 1.0-megohm carbon potentiometer.
1122 — 25,000-ohm carbon potentiometer.

1; 31 — 470 ohms, 1watt.
832 — 27,000 ohms.
1134 — 0.22 megohm.
All resistors V2-watt unless otherwise specified.
1.4 through L6 — See coil table.
.11 — Closed-circuit jack.
Si — S.p.d.t. toggle sts itch.
S2A-B-C — Three-pole 3-position wafer switch (Centra lab 2507).
Ti, T
456-Ite. interstage i.f. transformer, permeability- tuned ( Millen 64456).
T3 — 456-kc. diode transformer, permeability- tuned
(Millen 64454).
Tt — 456-ke. b.f.o. assembly, permeability- tuned ( Millen 65156).
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Fig. 5-34 — This vim.
of the eight-tube receiver chassis shim
the mounting of
t • gcondenser:
I
the placement of in , t
of the large comp,
nents. The three
shielded plug-in coil
assemblies can be seen
to the left of the tuning gang. The Oa
converter is the tube
on the left nearest
the panel.
The antenna termimd strip, power-supply
plug, headphone jack
ami ' speaker terminal are mounted on the
rear ( foreground in
this view) of the
chassis.

Construction
The receiver is built on an aluminum chassis
mounted in aPar- Metal ( ' A-202 cabinet, and a
Millen 10035 dial is used for tuning. The chassis
is made of % 6inch- thick stock, bent into a
"U"- channel, and measures 13 inches wide and
7% inches deep on the top. It is 33 inches deep
at the rear and 1
4 inch less at the front. The
rear edge is reinforced wit h a piece of 3 ,- inch
square durai rod that is tapped for screws
through the bottom of the cabinet, further to
add to the strength of the structure when
finally assembled. The various components
that are common to the front lip of the chassis
and the panel are used to tie the two together.
The shield panel used to mount the antennacompensator condenser is also made of % 6inch
alumintufl with a . 3inch lip on the side for
mounting. l'art of the lip must be cut away to
clear wires and mounting plates on some sockets, so it is advisable to put in the panel after
most of the assembly and wiring have been
completed. Flexible couplings and bakelite
rod couple the condenser to the panel bushing.
The three tuning condensers are mounted on
individual brackets of f6inch aluminum. The
brackets measure 2M inches wide and I9j 6 high,
with - inch lips. A cover of thin aluminum —
not shown in the photographs — slides over the
condenser assembly to dress up the top view a
bit. The dust cover is not necessary for satisfactory operation of the receiver.
Ceramic sockets are used for the plug-in coils
and for the r.f. amplifier, converter and b.f.o.
tubes. Mica condensers were used throughout
the receiver for by-passing wherever feasible,
because they lend themselves well to compact
construction. Ceramic condensers are now available that could be used in the i.f. amplifier at
considerable saving in cost and room.

411,

In wiring the receiver, small tie- points were
used wherever necessary to support the odd
ends of resistors and condensers, and rubber
grommets were used wherever wires run
t
hrough the chassis, with the exception of the
tuning- condenser leads. The latter leads, being
of N. 14 wire, are self-supporting through the
j6-incli clearance holes and do not require
grommets. The same heavy wire was used for
t
he grid and plate leads of the r.f. stage and
t
he plate lead of the oscillator, to reduce the
inductance in these leads. The tuning condensers are grounded back at the coil sockets
and not above the chassis as might be the tendency. Screen, cathode and plate by-pass condensers are grounded at a single point for any
tube wherever possible, although C2is grounded
at the r.f.-coil socket, Cs is grounded at the
converter- coil socket, and Cis is returned at the
oscillator- coil socket The plate and B+ leads
from Ti are brought back to the converter
socket through shield braid, and C21 is returned
to ground at the converter socket.
The b.f.o. pitch condenser, C38 ,is insulated
from the chassis and panel by fiber washers,
and the rotor is connected back to the tube
socket by braid that shields the stator lead.
This is done to reduce radiation from the b.f.o.
which might get in at the front end of the i.f.
amplifier.
The coils are wound on Millen 74001 permeability- tuned coil forms, according to the
coil table. Series condensers are mounted inside
the forms on all bands except the 80- meter
range, where no condenser is required and the
tuning condenser is jumped directly to the
grid end of the coils. In building the coils, the
washers are first drilled for the leads and then
cemented to the form with Duco or other
cement. The bottom washer is cemented close
to the terminal pins, leaving just enough room
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to get the soldering iron in to fasten the coil
ends and to leave room for the series condenser.
The large coils, L2, L4 and Lg, were wound
first in every case, and then a layer of cellophane Scotch Tape wrapped over the coil,
after which the smaller winding was put on and
the ends of the windings soldered in place.
Since for maximum range of adjustment it is
desirable to allow the powdered-iron slug to be
fully withdrawn from the coil, keeping the
coils at the base end of the form allows the
iron slug to travel out at the other end, under
which condition the adjusting screw on the
slug projects the least. To secure the wires
after winding, drops of cement should be
placed on them where they feed through the
polystyrene washers.
Alignment
If a signal generator is available, it can be
used to align the i.f. amplifier on 455 kc. in the
usual manner. If one is not available, the
coupling at CcI can be increased to the point
where the i.f. stage oscillates readily and the
b.f.o. transformer is then tuned until a beat
note is heard. The other transformers can then
be aligned until the signal is loudest, after
which Cc ishould be decreased until the i.f. oscillates with the regeneration control, Rtz,
about 5 degrees from maximum. The trimmers on T1 then should be tuned to require
maximum advancing of the regeneration control for oscillation, with a set value of Cm.
When properly tuned, the oscillation frequency of the i.f. stage and the frequency for
maximum gain in the regenerative condition
will be the same.
With a set of coils in the front end, set the
tuning dial near the high-frequency end and
tune in a strong signal or marker with the adjustment screw on the oscillator coil. The converter and r.f. coils can then be peaked, with
the antenna compensator set at about half

capacitance. Then tune to the other end of the
band and see if you have enough bandspread.
If the bandspread is inadequate, it means that
Ci4 is too large, and it should be reduced by
using asmaller size of condenser or acombination that gives slightly less capacitance. The
tracking of the converter and r.f. coils can be
checked by repeaking the position of the slugs
in the coils at the low- frequency end. If the
converter- or r.f.-coil tuning slugs have to be
advanced farther into the coil ( to increase the
inductance) it indicates that Cg or C1 should be
larger. Tracking by the method described is at
best acompromise, although to all intents and
purposes the loss from some slight misalignment is completely unimportant. Another
method would be to tap the tuning condensers
on the coil in the familiar bandspreading manner, but this requires considerable time and
patience. However, with the series condensers
as used in this receiver, the tuning curve is more
crowded at the high- frequency end of a range
than at the low, and this would be reduced
somewhat by the tapped- coil bandspread.

COIL DATA FOR THE EIGHT-TUBE
SUPERHETERODYNE
Coil
Li
Li. L4
Ci
La
Li
Le
Dig

3.5

me.

15 t.
76 1.
short
25 t.
1.0 t.
47 t.
short

7 Mc.

14 Mc.

9 t.
33 t.
27 add.
11 t.
8 t.
32 t.
42 µdd.

6 t.
19 t.
15 add.
7 t.
4 t.
14 t.
27 µAdd.

28 Mr.
4 t.
8 t.
20 µdd.
4 t.
2 t.
6 t.
51 µdd.

AU coils wound on Millen 74001 forms, closewound. 3.5-Me, coils wound with No. 30 enam.; 7Mc. coils wound with No. 30 d.s.c.; 14- and 28-Mc.
coils wound with No. 30 d.s.c. on primaries and
ticklers and No. 24 enam. on secondaries. C14 for
7-Mc, range made by connecting 27- and 15-µafd.
condensers in parallel. Ci, Cs and C14, Erie Ceramicons, mounted in coil form.

Fig. 5-35 — The bypass condensers used
throughout the r.f.
and i.f. stages are
grouped around the
sockets of their respective tubes. Tie.
Points are used wherever necessary to support small resistors
and condensers. The
antenna trimmer condenser is mounted on
a bracket which also
serves as shielding between the mixer- and
r.f.-coil sockets, and
it is offset to allow access to the trimmer
sere% s on the coil
forms. The plate and
B+ leads from the
first i.f. transformer,
are run in shielded
braid, as are the leads
from the b.f.o. pitch.
control condenser and
the volume control.
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Fig. 5-36 — Wiring diagram of power
supply for the eight-tube receiver.
CI, Ca — 16-e.fd. 450-volt electrolytic.
C3. C4 — 8-pfd. 450-volt electrolytic.
IIi — 500 ohms, 10 watts, wire-wound.
Ha — 5000 ohms, 10 watts, wire-wound.
R3 — 0.1 megohm, 1matt, composition.
Li — 30-henry 110-ma. filter - choke
(Stancor C-1001).
Ti — 350-0-350 volt., 90 ma.; 5volts
at 3amp., 6.3 volts at 3.5 amp.

R,
+250V
I
5Y3

CI

R
2

C2

+105V

2
6

3

«
i--oGnd

1-V
2

i'3

r

275V.

6.3V.

The adjustment of Lg can be made, if deemed
necessary, by lifting the cathode end of Rg and
inserting a0-1 milliammeter. If the tickler coil
has the right number of turns, the current will
be from 0.15 to 0.2 ma., and it won't change
appreciably over the band. Although such a
grid-current check is afine point and not really
necessary, it is asimple way to determine that
the oscillator portion is working, since the cold
ends of Lg and Lg are at the same end of the
form — the plug end — and this necessitates
winding the two coils in opposite directions.
Some trouble may be experienced with oscillation in the r.f. stage at 28 Mc. However, a
grounding strap of spring brass, mounted
under one of the screws holding the mixer-coil
socket to ground the shield when the coil is
plugged in, will normally clear up the trouble.
Inadequate coupling to the antenna will also
let the r.f. stage oscillate under some tuning
conditions, and close coupling is highly recommended for stability in this stage and also for
best signal response. A 10-ohm resistor from
La to the grid of the 6S07 will also do the
trick.

It will be found that the over-all gain of the
receiver is quite high on the lower-frequency
bands, requiring that the r.f. gain be cut down
to prevent overloading on strong signals. For
c.w. reception, the regeneration control is
advanced to the point just below oscillation
and the b.f.o. is detuned slightly to give the
familiar single-signal effect. For ' phone reception, S2 is switched to " A.V.C." and volumecontrol adjustments made with the audio
control, 1126. If desired, the regeneration control can be advanced until the i.f. is oscillating
weakly, and then aheterodyne will be obtained
on weak carriers, making them easy to spot.
Strong carriers will pull the i.f. out of oscillation because the developed a.v.c. voltage reduces the gain, and hence a simple form of
automatic selectivity control is obtained. If it
is considered desirable to reduce the i.f. gain
when switched to the " A.V.C." position, the
regeneration control can be used for this purpose. The " MAN." position permits manual
gain-control operation with the b.f.o. off.
The switch SIis used for receive- transmit
and throws about 40 volts negative on the grid
of the first r.f. stage, saving the first tube a
little if the transmitter is pouring some power
into the receiver.
Power Supply

Fig. 5-37 — Power - upply for the eight- tube receiver.
Two rectifiers are required because aseparate supply is
incorporated for gain-control purposes. The filter choke
and the negative-supply filter condensers are mounted
under the chassis. At the rear of the chassis is the socket
for the power cable.

A power supply suitable for the eight- tube
receiver is shown in Figs. 5-36 and 5-37. An
idea of the parts arrangement can be obtained
from Fig. 5-37, although there is nothing critical about this portion of the receiver. If one
wants a neat-looking station with no loose
power supplies in sight, the power supply can be
built into one corner of the loudspeaker cabinet.
The filtering of the power supply is quite
adequate and no trace of hum should be found
in the completed receiver when used with this
power supply. If any a.c. hum is noticed, it
is being introduced in the audio section if it
is still present with the r.f. gain control set
at minimum. Probable sources of hum in the
audio system are leads to C33, R26r C36 or Ji
running too close to a " hot" ( ungrounded)
heater lead, and the correction is to remove
these leads from the field of the heater wiring.
If signals are modulated with a.c. hum, particularly at the higher frequencies, it is possible that the grid circuit of the 6K8 converter
is picking up hum from a nearby heater lead.
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A Clipper/Filter For C.W. or 'Phone

The clipper/filter shown in Fig. 5-39 is plugged
into the receiver headphone jack and the headphones are plugged into the limiter, with no work
required on the receiver. The limiter will cut
down serious noise on ' phone or c.w. signals, it

The circuit is shown in Fig. 5-38. The constants
are not too critical, and have been adjusted for
operation at the signal levels ordinarily available
from the headphone jack on areceiver. The clipper output circuit is heavily by-passed by Cg
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Fig. 5-38 —
Ilit liagram of the audio elimwr unit. Power
requirements are 16 ma. at 250 v. d.,.. 1.2 amp. at 6.3 v. a.c.
CI, C4, C7 — 470-ppfd. mica.
C2 — 0.04-pfd. paper.
CS— 0.1-pfd. paper.
Cs — 8. 51d. 450-volt electrolytic.
Co — 0.003-afd. paper.
C8 — 10-pfd. 25.v oit electrolytic.
Cg — 0.25-pfd. paper.
RI, 113 — 1megohm,
watt.
112, Bo — 1500 ohms,
watt.

will keep the strength of c.w. signals at aconstant
level, and it will add selectivity to your receiver
for c.w. reception. It will do much to relieve the
operating fatigue caused by long hours of listening to static crashes, key clicks encountered on
the air and with break-in operation, and the like.
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10,000 ohms, ?,
22,000 M IMS,

is

att.
at t.

lis — .
47,000 ohm.. Is, : 0I.
11.7 — 33.00(1 ohm-. ' oat t.
1{8 — 1-megohni
control.
— 250-nth. choke ( Millen 34400-250).
Ji — ' Phone jack. single circuit.
Si — 2-circuit 3-position switch.

to reduce the amplitude of the harmonics generated in the clipping process, and additional bypassing by Cg, across the headset, is used for the
same purpose. Cathode-follower input and output
circuits allow the unit to be used with any receiver output and any headphones, and they also

Fig. 5-39 — The audio clipper
unit includes input and output amplifiers of the cathodefollower type, a dual- triode
clipper circuit, and aselective
audio s> - tem. It is built in
a small utility box, with a
cable for power-supply connections and a cord and plug
to pick up audio from the receiver's headphone jack.
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Fig. 5-40 — Inside view of the
clipper unit. The gain control, switch, headphone jack,
and the larger fixed condensers are mounted on the
walls of the box. The two
tubes and the selective audio
circuir are mounted on the
removable panel. The selective circuit, consisting of the
choke coil and two tubular
condensers, occupies the upper half of the panel in this
view. The socket at the left is
for the input and output amplifiers; the right-hand socket
is for the double-triode clipper.

•

contribute to the effectiveness of the audio filter,
Lie2C3.A three-position switch, SI,is provided
so that the unit can be cut out entirely, used with
straight limiting and no select ivity, or with both
selectivity and limiting. The " off" position is
useful principally to convince the skeptical, and
the limiting without selectivity is useful for impulse noise, when encountered. High selectivity
and good noise suppression do not go hand in
hand.
The unit, shown in Figs. 5-39 and 5-40, is built
on one panel and the sides of a3by 4by 5utility
box. The parts on the panel and the box proper
are connected through cabled leads made long
enough so the panel can he swung out as shown.
Any type of construct ii nt can be used, since there
is nothing critical in t
he layout. One precaution
to observe is to use a shielded lead between the
"hot" input terminal and the switch, to prevent
possible stray coupling between the input and
later high-impedance circuits because of the
cabled leads.
The select ive audio circuit chosen gives a type
of frequency- response curve that is quite useful.
The peak at 800 cycles is broad enough to avoid
tuning difficulties, even when used in conjunction
with the crystal filter in the receiver. Nevertheless, the response drops off rapidly enough, particularly on the high- frequency side, to make a
marked difference in respect to the " capturing"
of the limiter by strong off-resonance signals.
There is a " notch" at 1700 cycles.
There is awide latitude in choice of inductances
for LI. The Millen coil listed under Fig. 5-38 was

the best of available low-priced units tried, in
terms of sharpness of the response curve and the
depth of the rejection notch. Some of the small
filter chokes such as the &armor C-1515 and
Thordarson T20053 also work reasonably well.
The former will resonate at approximately the
same frequencies as given above with :130 atifd.
at Ca and 470 mad. at Ca; the latter rhoke requires 0.001 ad. at Ca and 0.002 pfd. at C3. With
any coil the values of capacitance required to
place the peak and notch at frequencies that best
fit one's taste in beat notes can easily and quickly
be determined by simple cut-and-try. Other types
of selective audio circuits can, of course, also be
substituted.
In use, the receiver's gain controls diould be
set so that only the stronger signals are clipped;
too-deep clipping will make t
he receiver sound as
though practically every signal overloads it. Once
the proper settings for clipping level are determined, the actual audio volume is adjusted by the
gain control on the unit. A lit t
le juggling back and
forth between the receiver controls and the output control in the clipper unit will eventually
result in the receiver's sounding very much like
it does without the clipper present. The difference
is that the signals and noise, including one's own
transmitter signal, don't rise above the level set
as aceiling.
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The " Selectoject"

The Selectoject is a receiver adjunct that can
be used as a sharp amplifier or as a single-frequency rejection filter. The frequency of operation may be set to any point in the audio range
by turning asingle knob. The degree of selectivity
(or depth of the null) is continuously adjustable
and is independent of tuning. In ' phone work, the
rejection notch can be used to reduce or eliminate
a heterodyne. In c.w. reception, interfering signals may be rejected or, alternatively, the desired
signal may be picked out and amplified. The
Selectoject may also be operated as alow-distortion variable-frequency audio oscillator suitable
for amplifier frequency-response measurements,
modulation tests, and the like, by advancing the
"selectivity" control far enough in the selectiveamplifier condition. The Selectoject is connected
in a receiver between the detector and the first
audio stage. Its power requirements are 4ma. at
150 volts and 6.3 volts at 0.6 amperes. For proper
operation, the 150 volts should be obtained from
across aVR-150 or from asupply with an output
capacity of at least 20 mfd.
The wiring diagram of the Selectoject is shown
in Fig. 5-41. Resistors R2 and Rs, and R4 and RS/
can be within 10 percent of the nominal value but
R9

they should be as close to each other as possible.
An ohmmeter is quite satisfactory for doing the
matching. One-watt resistors are used because
the larger ratings are usually more stable over a
long period of time.
If the station receiver has an " accessory
socket" on it, the cable of the Selectoject can be
made up to match the connections to the socket,
and the numbers will not necessarily match those
shown in Fig. 5-41. 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 socket corresponding to those on the plug
marked " A.F. Input" and " A.F. Output." If the
receiver has a VR-150 included in it for voltage
stabilization there will be no problem in getting
the plate voltage — otherwise asuitable voltage
divider should be incorporated in the receiver,
with a 20- to 40- ofd. electrolytic condenser connected from the + 150-volt tap to ground.
In operation, overload of the receiver or the
Selectoject should be avoided, or all of the possible selectivity may not be realized.
The Selectoject is useful as ameans for obtaining much of the performance of a crystal filter
from a receiver lacking a filter.

+150

A

F.
OUTPUT
A F
INPUT

5
2

+150v (regulated)

52

POSITION I =

A F INPUT
I2AX7s

Selective Amplifier
and Oscillator
POSITION 2=
Rejection Filter

A F. OUTPUT

Fig. 5-41 — Complete schematic of Sclectoject using 12AX7 tubes.
CI — 0.01-pfd. mica, 400 volts.
R6 — 20,000 ohms, 32" watt.
Ca — 0.l- 51d. paper, 200 volts.
R7 — 2000 ohms, 3/2 watt.
C4, C8 — 0.002- 44141. paper, 100 volts.
Rs — 10,000 ohms, 1watt.
Cs — 0.05-mfd. paper, WO
R9 — 6000 ohms,
watt.
Cs — 16-dd. 150-volt electrolytic.
Rio — 20,000 ohms, 32 watt.
C7 — .
0002- 51d. mica.
— 0.5-megohm %-watt potentiometer (selectivity
RI — 1megohm, 3/2 watt.
control).
R2, Ri — 1000 ohms, 1 watt, matched as closely as
R12, 1113 — Ganged 5-mcgohm potentiometers, standard
possible (see text).
R4, R8 — 2000 ohms, 1 matt, matched as closely as
audio taper (tuning control)
Cs.,

possible (see text).

SI, S2 — D.p.d.t. toggle (can be ganged)

HIGH-FREQUENCY RECEIVERS

115

A Bandswitching Preselector for 14 to 30 Mc.
The performance of many receivers begins
to drop off at 14 and 30 Mc. The signal-tonoise ratio is reduced, and trouble with r.f.image signals becomes apparent. The preselector shown in Figs. 5-42 and 5-44 can be added
ahead of any receiver without making any
changes within the receiver, and a self-contained power supply eliminates the problem
of furnishing heater and plate power.
As can be seen from the wiring diagram, Fig.
5-43, a 6AK5 r.f. pentode is used in the preselector. Both the grid and plate circuits are
tuned, but the tuning condensers are ganged
and only one control is required. The gain
through the amplifier is controlled by changing
the cathode voltage, through Rg. A selenium
rectifier is used to supply plate power, and the
heater power comes from a step-down transformer. The chassis is at r.f. ground but the
-cl.c. circuit is isolated, to prevent shortcircuiting the a.c. line through external connections to the preselector.
A two-section ceramic switch selects either
the 14- to 21- Mc. or the 28- Mc. coil, or the
antenna can be fed through directly to the receiver input. When operating in an amateur
band between 14 and 30 Mc., switching to the
band not in use will attenuate one's own signal
sufficiently to permit direct monitoring, in
most cases.
As shown in Fig. 5-42, the ganged condensers
are controlled from the front panel by a
National MCN dial, and a small knob to the
right of this dial is connected to the antenna
trimmer, C4, for peaking the tuning with
various antennas. The a.c. line is controlled
by S2, a toggle switch mounted on the panel.
The preselector is built on a 3 X 5 X 10inch chassis, and a 6 X 6-inch plate of thin
metal is used for a panel. A 1% X 3-inch
aluminum bracket mounted about 3 inches
behind the front panel supports the tuning

Fig. 5-42 — A handswitching preselector for 14 and
28 Mc. A single 6AK5 amplifier is used, and the power
supply is included in the unit.
The antenna-trimming condenser is mounted on the small
aluminum partition.

condenser, C5,and the antenna trimmer, C4.
Millen 39005 flexible couplings are required
to handle the offset shaft of C4. Both Cis and
6' 8 are mounted on the chassis with 6-32
screws, but the chassis should be scraped free
of paint before installation, to insure good
contact.
The shield partition between the two switch
sections ( Fig. 5-44) straddles the tube socket
and shields the grid from the plate circuit.
The switched ends of all coils are supported by
their respective switch points, and the other
ends are soldered to tie points mounted on the
COIL TABLE FOR THE PRESELECTOR

Li,
L2
L3
L4
L5
L6
L7
Lg

5t. No. 24, 3
%-inch diameter
(B & W 3012)
5t. No. 24, 1- inch diameter
(B & W 3016)
6 t. No. 24, 3
%- inch diameter
(B & W 3012)
7t. No. 20, 1-inch diameter
(B & W 3014)
7 t. No. 20, %-inch diameter
(B & W 3010)
3t. No. 24, 1- inch diameter
(B & W 3015)
11 t. No. 24 d.c.c., close-wound,
-inch diameter
4 t. No. 28 d.c.c., close- wound,
3/2inch diameter

L7 and Ls are wound adjacent on a s-inch diameter polystyrene form ( National PRD-2)

chassis. The mica trimmers, Cg and C10, are
supported on short lengths of stiff wire, and a
hole in the side of the chassis is required to
reach C10 with an aligning tool.
The power-supply components are mounted
as near the rear of the chassis as possible. The
selenium rectifier must be insulated from the
chassis.
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S10 55 -59/U

Pm 3
(Of 6An5)
Pin 4

= CM

Fig. 5-43 — Wiring diagram of
the bandswitching presclector.

CI, C2
10•µMfd. mica.
C3, C(1, C7, CII, Cl2
680 µµfil. mica.
C4 — 15-µµfd. midget variable
ilin 20015).
CS, Cs— 50- ofd. midget variable ,
illen 19050).
C9, CIO — 3- to 30- µpfd. mica irininier.
CM, CIS — 0.01-mfd. paper, 400 volts.
— Dual 40-afd. 150.v oit electrolytic.
RI — 27,000 ohms.
112— 330 ohms.
Ra— 5000-011Im wire-wound potentiometer.

114 — 1700 ohms.
11 5 — 18,000 ohms, 2 watts.
Rs, 117 — 470 ohms.
Li-Ls — See coil table.
1, 2 — 20-henry 30-ma. filter choke.
Ji,J2 — Coaxial-cable jack (Jones S-101).
Si — 2-gang 2-circuit 5-position ceramic ( Mallory 177C).
52 — S.p.s.t. toggle.
SR— SO ma. selenium rectifier.
— 6.3-volt transformer.

The coils are made from B & W " Miniductors," as shown in the coil table, with the exception of one plate and coupling coil which are
wound on a polystyrene form. The ground
returns for the cathode and plate by-pass condensers are made to a common terminal, a
soldering lug under one of the mounting screws
for Cg.
When the wiring has been completed and
checked, the antenna is connected to J1 and a
cable from .12 is run to the receiver input. Tune
the receiver to the 14- Me, band and set SI to
the proper point. Then turn the main tuning
dial until the noise or signal increases to amaximum. This should occur with C6 and Cg set at
close to maximum capacity. Then peak the
noise by adjusting Clo and C4.
The 28- Mc, range is adjusted in the same

way, with the exception that Cg is touched up.
It may be found necessary to touch up C4 when
different antennas are used. The preselector
may oscillate with no antenna connected, but
with any type of wire or feedline the operation
of the amplifier should ordinarily be perfectly
stable.
As shown, the preselector is intended for
use with coaxial-line feed to the antenna and
to the receiver. If a baranced two-wire line is
used from the antenna, it is recommended
that a suitable two- wire connector be substituted for Ji. The grounded sides of L1 and Lg
should be disconnected from ground and returned to one side of the connector. The output
connector can be left as shown, since at the
lower frequencies the proper antenna connection isn't so important.

Fig. 5-14 — A view underneath the chassis of the bandswitching preselector, showing
the shield partition between
switeh -,', t
ions and the selenium rectifier and associated
filter.
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An Antenna-Coupling Unit for Receiving
It will often be found advantageous on the
14- and 28- Mc. bands to tune (or match) the
receiving- antenna feedline to the receiver, in
order to get the most out of the antenna. One
way to do this is to use, in reverse, any of the
line-coupling devices advocated for use with a
transmitter. Naturally the components can
be small, because the power involved is negligi-

Antenna

C,

5,

C2

Receiver

L2

Fig. 5-45— Circuit diagram of the coupling unit.
Ci — 140-ppfd. midget variable ( Millen 22140)
C2 — 100-add. midget variable ( Millen 22100).
14, L2
25 turns No. 26 d.c.c. space-wound to occupy
1inch on 1-inch diameter form ( Millen 45000),
tapped at 2, 5, 8, 12 and 18 turns.
Si — 2-circuit 5-position single-section ceramic wafer
switch ( Mallory 173C).

ble, and small receiving condensers and coils
are quite satisfactory. Some provision for
adjustable coupling is recommended, as in the
transmitting case, because the signal-to-noise
ratio at 14 and 28 Mc. is dependent, to alarge
extent, on the degree of coupling to the antenna
system. The tuning unit can be built on asmall
chassis located near the receiver, or it can be
mounted on the wall and a piece of RG-59/U
run from the unit to the receiver input, in the
manner of a link line in transmitting practice.
For ease in changing bands, the coils can be
switched or plugged into a suitable socket.
Adjustable coupling not only offers an opportunity to adjust for
best signal-to-noise ratio, but the
coupling can be decreased when a
strong local signal is on the air, to
eliminate " blocking" and crossmodulation effects in the receiver.

•
Fig. 5-46 — A compact
coupling network for
matching a balanced line
to the receiver on 14 and
28 Mc.

One convenient type of antenna- coupling
unit for receivers uses the familiar pi-section filter circuit, and can be used to match
a wide range of antenna impedances. The
diagram of a compact unit of this type is
shown in Fig. 5-45. Through proper selection
of condensers and inductances, a match call
be obtained over a wide range of values. The
device can be placed close to the receiver and
left connected all of the time, since it will have
little or no effect on the lower frequencies. A
short length of 300- ohm Twin- Lead is convenient for connecting the antenna coupler to the
receiver.
The antenna coupler is built in a 5X 7X 2inch metal chassis. All of the components except the two coils are mounted on the front and
rear faces. The condensers are mounted off the
panel by the spacers furnished with the condensers, and a clearance hole for the shaft
prevents any short-circuit to the panel. The
coils, wound on Millen 45000 phenolic forms, are
fastened to the chassis with brass screws, and the
coils should be wound on the forms as far away
as possible from the mounting end. The switch
should be wired so that the switching sequence
puts in, in each coil, 2 turns, 5turns, 8turns, 12
turns, 18 and 25 turns.
The unit is adjusted for maximum signal by
switching to different coil positions and adjusting CI and C2. It will not be necessary to retrim
the condensers except when going from one
end of a band to the other, and when the unit
is not in use, as on 7 and 3.5 Mc., the coils
should be set at the minimum number of turns
and the condensers set at minimum. The small
reactances remaining have a negligible effect.
The coil in the grounded side should be shorted
if coaxial-line feed is used.
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Receiver Matching to Tuned Lines

The pi-section coupler shown in Figs. 5-45
and 5-46 can be used in many instances for
matching a balanced open- wire line to the
receiver, and it can be used with an unbalanced
line by short-circuiting the inductance in
the grounded side of the unbalanced line.
However, there are many applications where
another type of coupler is slightly more advantageous, as when an all- band antenna system with tuned feeders is used, or where a
wide range of line impedances may be en-

Fig. 5-17 - A small tuned coupler for matching the
receiver to a tuned line. The unit is made either seriesor parallel-tuned by the position of the antenna connection block.

countered. This other type of coupler, shown
in Figs. 5-47, 5-48 and 5-49, is simply ascaleddown transmitter coupler, with provision for
either series or parallel tuning. The change
from series to parallel tuning is made simply
by the manner in which the antenna connection plate is plugged into the unit.
As can be seen in the wiring diagram, Fig.
5-48, when the antenna connection plate is
plugged in so that all four contacts are engaged,
the two condensers are connected across the
coil in series, to give parallel tuning. When
the plate is dropped down, so that only the
antenna plugs engage at A and B, the unit is
connected for series tuning. Small low-power
transmitting coils with swinging links are
used.
The unit is built in a 4 X 4 X 2-inch box,
with the coil socket mounted on one 2 X 4inch side. One of the 4 X 4-inch side plates is
replaced by asheet of polystyrene or other insulating material, on which are mounted four
banana jacks. A similar but smaller piece of in
sulating material is drilled at the same time

Antenna.
Connection
Block
AnteTneF-711 A
or Relay

300-ohar
hire to
erceiver

Fig. 5-48 — Circuit of the tuned antent acoupler.
CI, C2 — 100-mpfd. midget Variable ( Millen 22100).
Li — Coil to tune to band in use, with swinging link
(National AR- 16).

to take four banana plugs. A pair of clearance
holes must be added to the larger plate to clear
two of the plugs when the series connection is
used.
The two condensers are mounted in the
box and ganged with an insulated shaft coupling. The remaining 4 X 4-inch side plate
frilled and filed to form an oval hole that
will pass the 300-ohm line from the coupler
to the receiver. A rubber grommet should be
fitted in the hole to protect the line from
the metal and to provide alittle clearance.
In operation, the coupler is used in exactly
the same way that one is used with a transmitter. Some experimenting is necessary to
determine whether series or parallel tuning
should be used on the various bands, and it
may be necessary to use the coil from the next
lower- frequency band if series tuning is indicated, or to remove a few turns from a coil
if parallel tuning is required. In any event,
the tuner should tune fairly sharply and give
a definite " peak" to the incoming signals.
When this condition has been found on any
one band, the coupling can then be adjusted
for maximum response to the signals, by adjust jog the position of the link winding within
I.

Fig. 549 — Another view of the tuned antenna coupler.
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Receiver Matching to Coxial Line
While some of the war-surplus receivers are
designed to work from a low-impedance antenna, most of the popular communications receivers are designed for an impedance of from
300 to 500 ohms. When using coaxial-line feed
from an antenna, as is not rare on 14 and 28
Mc., maximum signal transfer from line to
receiver is not obtained unless some type of
matching network is used. The pi-section coupler can be used, by short-circuiting the inductance in one leg and connecting this side of the
coupler to the outer conductor of the cable
and to the ground connection on the receiver.
However, in matching between two unbalanced
resistive loads of this type, another and
slightly simpler circuit can be used. It is called
an " L" section.
SI

•

J.3

ANT

Receiver

GND.

Fig. 550 — N
1
, iring diagram of the ' L"-section match.
ing network.
C I, C 4 — 3. to 30-add. mica-compression trimmer.
C2 — 100-mpfd. mica.
Ca — 47-aafd. mica.
Li — 12 turns, spaced to occupy N.inch.
L2 — 7turns, spaced to occupy
íe inch. Li and L2
wound with No. 18 d.s.c. on National XR-50
(M-inch diameter) iron slug-tuned forms.
Si — 2-pole 3-position rotary wafer switch.
An " L"-section matching coupler for 14 and
28 Mc. is shown in Fig. 5-52. All of the components are mounted on a switch, and the
unit is intended to be mounted on the antenna
and ground post of the receiver. As can be
seen from the wiring diagram in Fig. 5-50,

•

Fig. 5- 51— The " 1."-sect ion coupler mounted on the ai,
tenna and ground binding posts of a communicationa
receiver.
provision is included for straight-through
operation between feed line and receiver on
the other frequencies.
The values of the components are not critical, but provision is included for adjusting both
the inductance and the capacity, to accommodate minor variations in receiver impedances.
If operation is limited to one band, or if different receivers or converters are used on the
various bands, the coil and condenser can be
mounted right at the receiver terminals without the switch. As shown, the unit is intended
for use following an antenna change-over relay, and it is assumed that the different antennas are changed at the relay. However, if
a relay is not used, the different feed lines
can be brought directly to the unit and soldered to the antenna sides of Li and L2.
The units can be adjusted on a local signal
that is not fading, by adjusting the inductance
and capacity for maximum signal, as indicated
by the S- meter. It is not be to expected that
the adjustment will be critical, but the
gain obtained by proper matching will
be observed by switching to the
straight-through condition, and comparing the difference. The improvement will be only slight if the initial
mismatch was small, but an improvement of several db. can be expected in
any ease.

Fig. 5-52— An " L"-section matching network
for coupling the receiver to coaxial line. It is
designed for use between 50- or 75-ohm line
and a receiver of 300 to 400 ohms input
impedance.

•
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CHAPTER 5
A One- Tube Converter For 10 and 11 Meters

The 10- and 11-meter converter shown in Figs.
5-53 and 5-55 is a simple unit that can be built
in a few hours, for a cost of less than fourteen
dollars. The converter uses a fixed-tune i.f. and
tunable input and oscillator circuits, in preference
to afixed-frequency oscillator and atunable output circuit. With a one-tube converter of the
latter type, it is almost impossible to avoid picking up at least a few signals in the tuning range
of the receiver. Using a tunable oscillator and a
fixed-frequency output circuit permits one to
select an i.f. free from interference. The platecurrent demand is only 5 ma., and it is usually
possible to operate the converter from the receiver power supply.
As can be seen in Fig. 5-54, the Hartley circuit
is used in the oscillator portion of the 6BA7
pentagrid converter. A padding condenser, C2,is
switched in through S1 to change the range for
11- meter operation. Condenser C4 is used for
tuning, and the input circuit is tuned to either
range with C1.The screen grid of the 6BA7 is
operated at about 65 volts, since higher voltages
will increase the total tube current without any
marked improvement in performance. However,
since the available supply voltage will vary with
different receivers, the value of the screen dropping resistor, R2,cannot be specified, and it must
be calculated, as described later.
There is agood reason for not using an antenna
switch for straight- through operation of the converter. With pract ically any available switch it is
very difficult to prevent capacity coupling between the input and output circuits of the converter. Any such capacity coupling increases the
problem of eliminating interference at the i.f. By
equipping the converter and the receiver with
identical input terminals and using similar plugs
on both the antenna feed line and the converter
output cable, antenna changeover is no problem.
The metal partition separating L2 and L3,shown
in Fig. 5-54, reduces the effect of oscillator har-

monies beating with high-frequency ( f.m.) broadcast stations.
Construction
The converter is built on a 5 by 7 by 2-inch
aluminum chassis, and a6by 7-inch panel is held
in place by the components mounted on the front
wall of the chassis. The main tuning dial is a
National type MCN.
It can be seen in Fig. 5-53 that the oscillator
tuning condenser, C4, is mounted on 3-inch
metal pillars. A National Type GS- I0 stand-off
insulator is located at the front-right-hand side of
C4, and a soldering lug at the top end of this
insulator is soldered to the stator terminal lug of
the condenser. This added support for the tuning
condenser improves oscillator stability, by preventing rocking of C4 as the control shaft is
turned. A feed-through bushing at the other front
terminal of the condenser is used to support and
insulate the lead passing through the chassis to
the coil below. The padder condensers for the
oscillator circuit, C3 and C5,are mounted on the
rear terminal lugs of the tuning condenser.
The grid coil, L2,is mounted on the terminal
lugs of the input tuning condenser, C1. The antenna coil, LI,should be wound around L2 before
the larger coil is soldered in place. The tube
socket, to the rear of C1
L2, is mounted with pins
No. 1and 7facing toward the rear of the chassis.
The aluminum shield between the input and the
oscillator coils has a S/8inch lip bent over along
one edge, for fastening to the chassis. The shield
is slotted to clear the cathode-tap lead.
The screen and decoupling resistors, R2 and
R3 — respectively, are supported at the powersupply ends by a tie-point strip which is held in
place by the same screw that anchors the soldering lug for L3.If the receiver supply voltage is
known at this time, it is possible to calculate the
correct value for the screen-dropping resistor,
and the resistor can be mounted on the tiepoint strip. The resistor value is obtained from
the equation
R (ohms) —

supply voltage — 65
0.0046

Example: Supply voltage 260; the resistor value is
260 — 65
0.0046

42,391 ohms. Anything within 20%
of this figure would be satisfactory.

The coaxial output cable is terminated at the
chassis end at a tie-point strip located at the left
end of the chassis.

Fig. 5-53 — A one-tube converter for
extending the tuning range of areceiver to 10 and 11 meters. The crystal socket on the back of the chassis
receives the antenna plug ( Millen
37412).

•
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CONVERTER
27 to 30 IA .

31k.

24 to 271Ac.

Ant.
Fig. 5-54 — Circuit diagram of the low-cost 10- and 11-meter converter.

Ci — 15-ppfd. variable ( Millen 20015).

C2
4 C3 — 3-30-ggfd. mica trimmer.
C4 — 25-551d. variable ( Millen 19050 with 2 stator and
2 rotor plates removed).
Cs — 68-aafd. silver mica.
Co — 47-aafd. ceramic.
C7
4 CO— 0.01-pfd. disc ceramic.
Cs — 82-umfd. mica.
RI— 22,000 ohms, 3/2 watt.
— Screen resistor: see text.
R3 — 1000 ohms, 3/2 watt.
Li — 3 turns No. 24 d.s.c., space wound around L2.

It is important that the link from the converter
to the receiver be well shielded, to avoid picking
up any signals directly in the receiver. A length
of RG-58/U or RG-59/U can be used and, if
necessary, a small shield should be mounted
over the antenna binding post of the receiver.
However, it is usually possible to set the receiver
somewhere near 3Mc. that will be free from even
the weakest straight-through interference.
If no communications receiver is available, a
war-surplus BC-454 aircraft receiver (tuning
range of 3 to 6 Mc.) makes an inexpensive receiver for use with this converter.
Testing
Power for the converter can be obtained from a
separate supply, but it is usually more convenient
to " steal" the power from the receiver. The converter requires 6.3 volts at 0.3 amperes for the
heater and 200 to 250 volts d.c. at 5to 6ma. for
the plate and screen.
After the power supply has been connected, it
is advisable to check the screen and plate voltages with a voltmeter. It may be necessary to
change the value of R2 if the screen voltage isn't
in the recommended range of 60 to 70.

Fig. 5-55 — A bottom view of the
one-tube
converter. '1'he
toggle
switches are for band-changing and
opening the heater circuit.

L2 — 13 turns No. 20 tinned, 5
/8inch diam.,
long ( B 8z W 3007).
L3 — 6 turns No. 18 tinned, 32inch diam., 3
%-inch long,
cathode tap 1% turns from ground end ( B & W
3002).
L4 — Slug-tuned plate coil
I,S3 — 5 MC.).
1.— 10 turns No. 24 d.s.c. scramble wound at cold
end of L4.
Ji — Panel- mounting male socket ( Amphenol 86-CP4)
Pi — 300-ohm twin-lead plug ( Millen 37412).
St, — S.p.s.t. toggle switch.

(
crc

If your transmitter uses VFO, set the VFO
to have aharmonic fall at 28 Mc., and tune the
receiver to 3 Mc. If you have crystal control,
turn on the oscillator and set the receiver to the
crystal's 28- Mc. harmonie minus 25 Mc. If, for
example, your crystal has a harmonic at 28,650
Ice., set the receiver to 3650 kc. Set the tuning
condenser, C4, to where you want the test frequency (transmitter-oscillator harmonic) to appear on the dial, and tune it in by adjusting C3.
If the signal is too loud, remove any test antenna
from the converter. With a reasonable signal,
check the tuning of the input circuit, CIL2,and
adjust L4 for maximum signal in the receiver.
Once the converter has been set up on known
frequencies within the 10- and 11-meter bands,
C2 and C3 are left fixed and the tuning is done
with C4.The bandspread will be approximately
80 dial divisions on 10 and 20 or so on 11 meters.
C1 need not be touched over a tuning range of
about 200 kc., and so should he used at intervals
if the ent ire
is living combed.
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Crystal- Controlled Converters for 14, 21 and 28 Mc.
The principle of using afixed high- frequency
oscillator in aconverter and tuning the receiver
the converter works into can be elaborated
upon by using a stage of r.f. amplification
ahead of the mixer and by using a crystalcontrolled oscillator for maximum stability.
Since such a converter is generally used on a
high frequency where fundamental crystals
are not available, it is necessary to use a harmonic of a lower- frequency crystal. A crystalcontrolled converter of this type is shown in
Figs. 5-56 and 5-58. A separate converter is required for the 14-, 21- and 27-/ 28- Mc. bands,
since by using separate converters it is possible
to simplify their construction and to maximize their performance.
The converter uses the harmonic of acrystal
oscillator to provide an exceedingly stable highfrequency oscillator signal. For example, in the
10- meter converter a 12.25- Mc, crystal doubles
to 24.5 Mc., and this signal is fed to the mixer.
By tuning the amplifier (your present receiver)
following the mixer over the range 3.5 to 5.2 Mc.,
you are, in effect, tuning across the 28- Mc.
band. The r.f. circuits in the converter are
tuned to 28 Mc., and only have to be touched
up when going from one end of the band to the
other.
The wiring diagram is shown in Fig. 5-57. A
neutralized triode-connected 6AK5 is used for
the r.f. amplifier. There is some question as to
its necessity on 14 and 21 Mc., where the
at mospheric noise is generally high enough to
limit the maximum usable sensitivity. A
pentode-connected 6AK5 could probably be
used with no detectable difference in performance on 14 and 21, but the triode is easy to
handle and you don't lose anything by using it.
Using high-impedance circuits with the pentode might give trouble from regeneration,
unless the stage were neutralized. Adjustable
antenna coupling and a Faraday screen are in-

eluded to accommodate various antenna systems and to eliminate capacity coupling to the
antenna line. The r.f. stage runs at 105 volts
on the plate, since this gives the best noise
figure. The separate plate lead also offers an
opportunity to kill the converter by opening
this circuit. The 6AK5 pentode mixer is easy to
handle and quiet enough so that its noise
doesn't impair the over-all performance. A
triode mixer might be used, but the pentode
runs with low current and is quiet.
The plate circuit of the mixer is tuned to the
center of the receiver tuning range by setting
L4 to resonate with the various shunt circuit
capacities. The circuit has alow Q and there is
little variation in gain over the range. A 6C4
cathode follower is used as a low-impedance
coupling to the receiver input.
One section of a 6J6 twin triode is used for
the crystal oscillator, and the other half serves
as a frequency multiplier. To minimize the
other harmonics existing in the plate circuit
of the multiplier, the plate is tapped down on
To get the best possible r.f. circuits, within
the space limitations, B & W " Miniductors"
are used for Lt, L2 and L3. Their Q is well above
that obtainable with smaller-diameter coils,
and they are easy to handle. To insure good
shielding and low- resistance ground paths, an
aluminum chassis is used in preference to the
more common steel units.
The converter is built on a5 X 9M X 3-inch
aluminum chassis, with several shield partitions to reduce unwanted interstage coupling.
The most important shield is the one that
straddles the r.f. amplifier socket and separates
the grid and plate circuits of this stage. The grid
tuning condenser, C2, is mounted on bakelite
insulating washers, and its ground lead returns
to the common ground at the tube socket, to
eliminate stray coupling through chassis cur-

Fig. 5-56 — A 28- Mc. crystal-controlled
converter. The adjustable antenna coupling
can be seen at the left front. The tube shields,
from left to right, cover the triode-connected
6A K5 r.f. amplifier, the 6AK5 mixer and the
6C4 cathode follower. The unshielded tube
is the 6J6 oscillator-multiplier.
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RI Amp.

kfixer

R8

64K5

Cathode
Follower

6AK5

6C4

3

Fig. 5-57 — Wiring diagram of the
crystal-controlled converter.
Ci — 10-gpfd. mica.
C2— 20- 55 1d. midget variable (Johnson 160-110).
CS, C4, CS, C10, Cil, C12, C14, C15, C17, C20 — 680-gpfd.
mica.
Ce — 5-ppfd. midget variable (Johnson 160-102).
C7— 11-pfd. midget butterfly (Johnson 160-211).
CS, C13
470-ppfd. mica.
C9— Twisted wire. See text
C16, C19 — See coil table.
CIS — 47-pmfd. mica.
RI, 119 — 220 ohms.
Es- 2200 ohms, 1watt.

rents. If this isn't done, you may have trouble
neutralizing the amplifier.
A 2%-ineh diameter hole is punched in the
chassis, so that the externally- mounted antenna coil, Li, can be coupled to the grid coil,
L2. The Faraday screen is then mounted across
this hole on the underside of the chassis. To
construct the Faraday shield, first cut a piece
of 3'g-inch- thick polstyrene ( Millen Quartz-Q)
to measure 2 by 3% inches, and drill a pair
of holes at one end to clear No. 6 screws, for
mounting the finished shield. ( These are the
same screws that hold the mounting strip for
the antenna condenser, C1,visible in Fig. 5-56.)
At the opposite end of the poly sheet, drill a
small hole in each corner, for securing the wire
used in making the shield. Then wind No. 20
tinned wire tightly around the poly sheet in
the long direction, spacing it with string or
more No. 20 wire. When the winding is finished
and secured at both ends, unwind the spacing
string (or wire) and remove it. If you have done
the job carefully, you will have neat parallel
lines of wire across the polystyrene, all equally
spaced and all lying fairly flat. Then apply two
or three heavy coats of Duco cement to one side
only, allowing sufficient time between coats for
the cement to harden thoroughly. When this
has been done, it will be found an easy job to
cut each wire on the uncemented side. Straight-

4

o
6
o
o
•••
4105 + 1110
6.3 V.
R3 — 56,000 ohms.
114 — 6800 ohms.
lix — 0.1 megohm.
Re, Rio, Rix, Rn — 470 ohms.
R7, 1111 — 4700 ohms.
Rs— 0.18 megohm.
1113 — 82,000 ohms.
All resistors 1 watt unless otherwise specified.
1.2. 1.3, 1.4, 1.3, 1.13 — See coil table.
Ji, j2 — Cable-connector sockets (Jones S-101).
RFC, — 750.h. r.f. choke ( National R-33).
See coil table.

vrAi.-

en out the wires so that you now have a flat
sheet of parallel wires, and trim off the wires
at the mounting holes end of the sheet along a
line inside the mounting holes. Figs. 5-58 and
5-59 show what this looks like. When trimming these wires, be careful to see that no wire
is left touching an adjacent one. Trim the wire
ends at the other end to about
inch from the
polystyrene. Clamp the shield in a vise, between two pieces of wood, and wrap each wire
end around a piece of No. 12 tinned copper,
as shown in Fig. 5-59. With a good hot iron,
run a bead of solder along the bus, and your
shield is finished. Work fast, and no heat will
reach the poly. The shield is mounted with the
smooth side exposed through the hole, and one
end of the No. 12 bus is grounded at the r.f.
tube socket.
The grid coil, L2, is supported by its leads
and a couple of drops of Duco cement that
hold its grounded end to the Faraday shield.
The antenna coil, LI, is mounted by its leads on
a piece of 3.-inch diameter polystyrene rod.
The rod is supported by a shaft bushing. A
small wire pin through the rod at the back of
the bushing and a rubber grommet between
the bushing and the control knob give a soft
friction lock that holds the coupling in any
position. Flexible leads run from the coil to
and the shield of the RG-59/U coaxial line.
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The r.f. plate coil, 14, is
COIL TABLE FOR THE CRYSTAL CONTROLLED
cemented to asmall piece of
CONVERTER
polystyrene sheet that is
14 Mc.
21 Mc.
28 Mc.
supported by two small
23 I. No. 24
9 t. N. ,.24
10 t. No. 20
LI
brackets. The neutralizing
/
4 -i.o.l. diam.
1-inch Iham.
1-inch diam.
condenser, C6, is supported
(11 & V 3012) (B & V1 3016) (B & W 3015)
by one terminal of C7 and a
9 t. No. 20
stiff wire lead back to the
10 t. No. 20
21 t. No. 24
L2
1-inch diam.
1-inch diam.
-loch diam.
grid pin on the tube socket.
(B & W 3015)
(B & W 3015)
.1/ & V. 3012)
The coupling condenser, C2,
is simply an insulated wire
22 t. No. 24
16 t. No. 24
38 t. No. 24
La
%-inch diam.,
3
3'- inch diam.,
3 inch diam.,
wrapped once around the
center-tapped
center-tapped
center-tapped
lead from C8 to the grid of
(B & W 3012)
(B & W 3012)
(I/ & V. 3012)
the mixer. It is brought out
Slug-t
41
coil
(Cambridge
Thermionic
Corp.
1- Mc. ISNI with
L4
of the oscillator compart200 turns removed) (Coils for L5 and Ln are wound on h-inch diment through a polystyrene
ameter Cambridge Thermionic Corp. ISM forms)
or rubber grommet.
30 t. No. 28
No. 32 enam..
No. 32 enam.,
L5
After the usual last check
enam.,
close-wound,
close-wound,
of the wiring, connect a
close-wound
inch long
12 inch long
power supply and remove
20 t. No. 24
20 t. No. 20
22 turns No. 28
LC
the 6AK5 r.f. amplifier from
enam., close-wound, enam., close-wound, enam., close-wound,
its socket. Listen in on your
center-tapped
center-tapped
center-tapped
receiver at the crystal fre33ied.
Cie
75apfd.
quency, and if you don't
22mpfd.
22jodd.
o
CIO
find the crystal signal, ad12,250 kc. (doubles)
5875 kc. (triples)
6000 kc. (triples)
just L5 until you do. Then
set your receiver on the
proper harmonic frequency
you lose any unpleasant sounds with all settings
and peak L6 for maximum signal, as indicated by
of C2 and C7, and the r.f. stage is neutralized.
your S-meter. Then back off on L5 alittle, because
Connect the antenna, and peak C2 and C7 on a
there is no need to run the crystal at maximum.
signal. Do all of your tuning with your regular
Then tune your receiver — its antenna cirreceiver, and only use C2 and C7 to peak the
cuit must complete the cathode circuit of the
signal when you make abig frequency excursion.
6C4 follower — to about 3.8 Me. and peak
The adjustable antenna coupling provides some
L4 for maximum noise. The adjustment is not
measure of gain control for the unit, but it is
sharp. If your receiver has an antenna trimmer,
generally best to use fairly tight coupling and
peak it too. Then plug in the 6AK5 r.f. amplifier
hold the gain down in your regular receiver.
and, after the tube has warmed up, rock C2 and
The antenna coupling is designed for low-imC7. Through the hole in the bottom plate, use an
pedance input, and will work satisfactorily with
alignment tool to adjust C6 alittle at atime, until

Fig. 548 — This view
of the underside of the
converter with the
bottom cover removed
shows the Faraday
shield at the lower
right, the shield straddling the r.f. amplifier
socket (lower center)
and the shielded oscillator section (top center). The neutralizing
condenser for the c.f.
stage is adjusted
through a hole in the
bottom cover.
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No 12 Tinned
No 20
Tinned

Fig.
5-59 — Constructional
details of the Faraday shield,
before soldering the ends of
the No. 20 wires to the No. 12
wire bus.

Polystyrene
Sheet

50- or 75-ohm line. If you use 300-ohm TwinLead, it is better to leave the short length of
coaxial line ungrounded and to use something
other than a coaxial fitting for connecting the
antenna. If your antenna uses 600-ohm line
or tuned feeders, it is best to use a small antenna tuning unit link- coupled through a
length of RG-59/U to the converter input.
There is nothing sacred about the crystal
frequencies used, other than to be sure that
they have no harmonics falling within the signal-frequency range. For the crystals suggested
in the coil table, the receiver tunes from 4 to
3.6 to cover 14 to 14.4 Mc. (yes, it tunes backwards!), 3.375 to 3.825 for 21 to 21.45 Mc.,
and 3.5 to 5.2 for 28 to 29.7 Mc. The 27- Mc.
amateur band is also covered by the 10- meter
converter, simply by tuning your receiver below 3.5 Mc.
What first i.f. ( tuning range of your receiver)
you will use depends on the available crystals
and the range your present receiver tunes.
Using the second or third harmonic of the
crystal should be satisfactory in practically
every case. By careful selection of crystal frequencies, you can arrange things so that the

band edges start at some even 100-kc. mark on
your receiver, thus giving you frequencycalibrated reception ( with the necessary mental correction factor). The accuracy of calibration of your receiver on the one tuning range,
together with the accuracy of the crystal used
in the oscillator portion of the converter,
will determine the accuracy of calibration of
the receiving system.
Power Supply
The circuit diagram of a suitable power
supply for use with the converters is shown in
Fig. 5-60, although any source of 6.3 volts a.c.
and 105 and 180 volts d.c. will do. One set of
connections runs to the converter in use, and
the other goes to a small control box located
on the operating table. If desired, the a.c.
switch can be incorporated in the power supply, but the plate switch, in the 105- volt lead
to the r.f. stage, should be handy to the operator. A switch can be provided for shifting the
power from one converter to another. Since separate receiving antennas are generally used at
these frequencies, the antennas do not require
switching.

Fig. 5-60 — A power supply for the crystal-controlled
converter.
CI, C2 — 8.5fd. 150- volt electrolytic.
Ri — 1500 ohms, 10 watts.
112 — 10,000 ohms, 10 watts.
— 16-hy. 50-ma. choke (Stancor C-1003).
— 240:0-240 at 40 ma., 5 and 6.3 v. (
Stancor
P-6297).

To At line
switch

To B+
with
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A Sharp IF. Amplifier For 'Phone Or C.W.

The amplifier shown in Figs. 5-62 and 5-63 is
designed to follow any receiver i.f, amplifier in
the range around 455 ice., to give additional
selectivity to the receiving system. For c.w.
reception, ten circuits tuned to 50 ke. give a
characteristic with excellent skirt selectivity, as
indicated by a bandwidth of only 1900 cycles
at — 60 db. (Compare this with Figs. 5-1 and
5-22.) However, the amplifier is about 450 cycles
wide at — 6db., so signals do not " ring" or become difficult to tune. For ' phone reception, some
of the circuits are detuned (by throwing aswitch)
to give a " stagger-tuned" amplifier that has a
bandwidth sufficient for reception of one sideband. However, since a majority of the circuits
are still tuned to 50 kc., the resultant characteristic has greater gain at 50 kc. than at any other,
and by tuning so that the heterodyned carrier
falls at 50 kc., " exalted-carrier reception" is
obtained. The useful bandwidth for ' phone reception is about 2300 cycles, so some high-audiofrequency response is lost., but the gain in intelligibility in crowded bands more than makes
up for it. The bandwidth at — 60 db. is 4000
cycles in the ' phone condition.
The complete circuit of the amplifier is shown
in Fig. 5-61. Receiver output at 455 kc. is fed into
the 6BE6 i.f. converter, where the crystal-con1

McLaughlin, " Exit

Heterodyne

QRM,"

QST,

Octo-

trolled oscillator portion can be set either 50 kc.
higher or lower, to use the familiar selectablesideband principle.' If the receiver if. were something other than 455 kc., the choice of crystals
would be different, of course. Two 6BJ6 if.
amplifier tubes are coupled by eight Millen 50-kc.
high-Q tuned circuits, TC1-TC8, with provision
through 82 for switching the tuning of four of
these circuits by cutting in series condensers
C5, C8, C12 and C16. The second 6BJ6 stage is
coupled to a 6BE6 a.f. converter used for c.w.
and s.s.b. suppressed-carrier reception, and also
to another 6BJ6 if. amplifier. This if. amplifier
feeds adiode rectifier for a.m. reception and also
has a.v.c. voltage applied to its grid, to obtain
some a.v.c, action and to give a logarithmic
S-meter action. The switch 83 selects output from
one of the two detectors and also turns the b.f.o.
on or off. The rest of the circuit includes a filter
following 83B to keep 50-kc. energy out of the
audio amplifier, and a meter amplifier for the
S-meter. The i.f. gain is controlled through R7,
and the audio volume through R23. The i.f. gain
control is important, because the gain of the
amplifier is much higher in the narrow-band
(c.w.) condition than in the stagger-tuned
('phone) arrangement, and the gain setting must
be changed N% hen switch 82 is thrown from one
position to the other.

ber, 1947.
I. F. CONVERTER
68E6
4551(c.
Input

Fig. 5-61 — Wiring diagram of the selective 50-Ice. i.f.
amplifier.
Ct„ Ca, C29, C30 — 0.01-pfd. ceramic disc.
C2— 47-ppfd. mica.
C4, C13, C7, CII, C13, C15, C23 — 4.7-mmfd. mica.
Cs, CI
a — 0.0078-pfd. mica (0.0068 and 0.001 in parallel).
C8, C111— 0.0068-pfd. mica.
C1), C12, C22, C27 — 0.1-pfd. 200-volt paper.
CI0, CI4 — 1.0-pfd. 400-volt paper.
CIS — 100-ppfd. midget variable.
C19, C20, C26, C33, C34, C36 — 470 add. mica.
C2I, C24, C31 — 0.001-pfd. mica.
C25 — 100- pfd. mica.
C28 — 20-pfd. 25-volt electrolytic.
C32— 220 apfd. mica.
C3a, C38, C.4I — 0.01-pfd. 400-volt paper.
C37 — 0.002-pfd. 400-volt paper.

C30, C42 — 10. 8fi1. 25 Nolt electrolytic.
C40 — 13 -mfd. 450- volt electrolytic.
111, 1121, R aa — 0.47 megohm.
R2, R31 — 0.1 megohm.
R3 — 470 ohms.
R4, Ria — 22,000 ohms.
Ra, RS, RIO, Ris — 100 ohms.
J1 e — 33,000 ohms, 2watts.
11 2 — 5000-ohm wire-wound potentiometer.
R9 — 2200 ohms, 1 watt.
1110 — 2200 ohms.
1111 — 33,000 ohms.
R12— 56,000 ohms.
R14 — 330 ohms.
R ia, R 22 — 1.0 megohm.

lIts, R32 — 4700 ohms.
ohms.
1120, 1123 — 47,000 ohms.
R24— 1000 ohms.
1123 — 0.25-megohm volume control.
11,7,

His — 68,000
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•
Fig. 5-62 — The selective ' phone and c.w.
50-kc. i.f. amplifier connects to the i.f. of a
regular reccis cc, in the manner of the familiar
Q5-er. It is built on a 10 x 17 x2- inch chassis.
with a 5%-inch high panel. The plate circuit
filter, C36, 1123, 11FC3, C37 and C38 are
mounted dime the chassis in the shield can
near the right front.

•
back on itself, which might encourage feedback.

In an amplifier like this, over-all feed-back
must be eliminated, and this calls for proper bypass condensers in the common screen and plate
leads. The choke, RFC1, is included to series
resonate with C14 at 50 kc. and bring the common screen circuit down to ground potential
without using a by-pass condenser larger than
1pfd. Everyt hing else in the circuit is eonventional and familiar to anyone acquainted with
i.f. amplifier practice. The switch, S4,for shorting
out the S-meter, is an elaboration except for
someone who doesn't like to see the meter swing
too far on occasion.
Constructional details will, of course, vary
with the builder and his particular station layout.
The only point to watch in any modification is
to be sure not to double the amplifier string
I.F. AMPLIFIER

Adjustment
The first step in aligning the amplifier, after
the wiring has been checked, is to tune the circuits to 50 kc. approximately. For asignal source,
couple from the receiver at 455 kc. and feed it
into the input of the amplifier. Tune in asteady
signal ( freqmeter or b.c. ( arrier) and align the
tuned circuits Te l°back through Te l,with 82
set to short out the condensers. When the circuits
have been aligned, as indicated by the S-meter,
switch Si to the other crystal and see if the signal
is still peaked. It probably won't be, and you
now have to " split the difference" and realign
the circuits until a signal peaked at one setting
of Si will be peaked at the other. If the exact
A.F. AMPLIFIER
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R29 — 220 ohms.
1127 — 47,000 ohms, 2 watts.
R28 — 390 1/11M9.
1129 — 47 ohms.
1130 — 3900 ohms.
R34 — 270 ohms.
I.1 — 750 uh. ( National R-33).
L2 — 40 mh. ( Millen 34240).
14-80 mh. ( Millen 34280).
MA — 0.1 milliammeter.

+105 + 250

R22

R EQ. — 67 t. No. 30 enam. close-wound on 54-inch
diam. form ( 1-megohm resistor).
RFC2 — 80 mh. ( Millen 34280), mounted at right angles
to fa.
RFC3 — 125 mh. ( Millen 34000-2 removed from can).
SI, S3, S4 — D.p.d.t. rotary switch ( Mallory 3222J); one
pole only used on Si and S4.
S2 — 4-pole rotary switch (
Mallory 3242J).
Ti — Audio output transformer ( Merit A-2902).
TC1—TC10 — 50-kc. tuned circuit ( Millen 63650).
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frequencies of the crystals are known, and you
have an accurate signal generator in the 50-kc.
range, align the circuits the first time on half the
frequency difference between the two crystals.
It may sound complicated, but it isn't. The experimental method shouldn't require more than
four or five tries.
Next check the b.f.o. tuning range by switching it on and watching the S-meter as C13 is tuned
through its range. The b.f.o. couples some energy
into the S-meter circuit, and as Ci3 is tuned
through you will find a peak. Add or subtract
fixed capacity across the circuit until the peak
occurs with C13 at about half capacity. Tuning
the b.f.o. through its range should show an even
rise and fall in the S-meter circuit — any sudden
jump indicates some regeneration in the amplifier.
Switch off the b.f.o., tune in asignal as indicated
on the S-meter, and jump a 1-afd. condenser
across the 13+ and screen leads at various points
throughout the amplifier. Any change in S-meter
reading indicates regeneration in the amplifier,
and it means that more by-passing, or amodification of RFC', is required. In adjusting RFC ',
wind it large and remove turns two at a time,
with a constant signal through the amplifier.
When the signal comes down to a minimum and
then starts back up, rewind t
he choke to the
turns that gave the minimum. The amplifier may
be slightly regenerative at a high gain setting in
the " sharp" condition. However, this gain is
well beyond anything you would ever use, and
at normal settings the amplifier should be perfectly stable. Also check the S-meter reading
with the b.f.o. on ( no signal coming through) to
see if there are any points along the + 105-volt
line where extra by-passing will cut down the
b.f.o. leakage.
At alsnit t
his point in the checking it is wise
to try alit t
le more capacity across C32, since this
fixed condenser tunes the coupling circuit between the 611.16 amplifier and the diode. With a
steady signal coming through, hold a 10- or 20mmfd. condenser across C32. If the S-meter reading
goes up, C32 is too small, and if the reading goes
down the condenser is too large. The tuning isn't
very critical however, and there is plenty of
signal to spare at this point.
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Now switch S2 to the other posit ion and tune
across an unmodulated signal, with the b.f.o. off
and R7set for maximum gain. The meter reading
will show two peaks, one of the same frequency
as in the " sharp" position and one new one.
Experiment with the tuning of TC 9 and TC10
until the new peak is not so sharp and has somewhat less amplitude than the original. You will
find that you can change it considerably, so
make your changes in small steps. Set it up by
cut and try, using a b.c. station as your signal
and adjusting for good intelligibility. It. probably
won't be necessary to touch C5, C8, C12 and Cm,
unless these condensers are incorrectly marked
and thus far off the nominal value. Their value,
of course, affects the position of the lower hump
in the selectivity characteristic.
When tuning in a ' phone signal, watch the
S-meter and set the carrier at the maximum
meter reading, learning not to be fooled by the
slight hump 2000 cycles off this point. If there is
aheterodyne on the signal, flip Si to the position
giving the least interference.
In operation, set the i.f. gain controls in both
receiver and 50-kc. i.f. where there is no chance for
overload, with the audio adjusted for comfortable
listening. On c.w. the S-meter may kick a little
on a loud signal, and on ' phone it will get up to
half scale on a good signal. This calls for some
juggling of the gain controls as you tune across
a band. When throwing 53 from one position to
the other, it is advisable to reduce the audio
volume to zero first, or else the audio tube takes
quite alicking because of the difference in potential in the two points on switch S3B.
You may have to realign your receiver slightly
to use this amplifier, or else get apair of crystals
that match your receiver. If, for example, the
crystal in your present receiver is on 450 kc.,
and hence the if. is aligned there, the 405/505-ke.
crystal combination won't be right. What you
need is a400- and a500-kc. crystal. But since the
crystal filter won't be used much any more, it is
easier to switch it out of the circuit and realign
the receiver i.f. amplifier. Tune in asignal on the
50-kc. amplifier and retune the receiver i.f.
transformers for maximum signal, and that's all
there is to it.

Fig. 5-63 — Underneath the chassis of the
50-1:c. amplifier. Leads to the audio volume
control, to the grids and plates of the amplifier tithes, and to the selectivity switch, are all
run in shielded wire.
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High-Frequency
Transmitters
The principle requirements to be met in c.w.
transmitters for the amateur bands between 1.8
and 30 Mc. are that the frequency must be as
stable as good practice permits, the output signal
must be free from modulation and that harmonics
and other spurious emissions must be eliminated
or reduced to the point where they do not cause
interference to other stations.
The over-all design depends primarily upon the
bands in which operation is desired, and the
power output. A simple oscillator with satisfactory frequency stability may be used as atransmitter at the lower frequencies, as indicated in
Fig. 6-1A, but the power output obtainable is
small. As ageneral rule, the output of the oscillator is fed into one or more amplifiers to bring
the power fed to the antenna up to the desired
level, as shown in B.
An amplifier whose output frequency is the
same as the input frequency is called a straight
amplifier. If such a straight amplifier is placed
in an intermediate position between two other
transmitter stages it is sometimes called a
buffer amplifier.
Because it becomes increasingly difficult to
maintain oscillator frequency stability as the
frequency is increased, it is most usual practice in working at the higher frequencies to
operate the oscillator at a low frequency and
follow it with one or more frequency multipliers as required to arrive at the desired output frequency. A frequency multiplier is an
amplifier that delivers output at a multiple
of the exciting frequency. A doubler is a multiplier that gives output at twice the exciting
frequency; a tripler multiplies the exciting frequency by three, etc. From the viewpoint of any
particular stage in a transmitter, the preceding
stage is its driver.
As ageneral rule, frequency multipliers should
not be used to feed the antenna system directly,
but should feed a straight amplifier which, in
turn, feeds the antenna system, as shown in
Fig. 1-C, D and E. As the diagrams indicate, it is
often possible to operate more than one stage
from asingle power supply.
Good frequency stability is most easily obtahied through the use of a crystal-controlled
oscillator, although a different crystal is needed
for each frequency desired (or multiples of that
frequency). A self-controlled oscillator or VFO
(variable-frequency oscillator) may be tuned to
any frequency with a dial in the manner of a

receiver, but requires great care in design and
construction if its stability is to compare with
that of acrystal oscillator.
In all types of transmitter stages, screen-grid
tubes have the advantage over triodes that they
require less driving power. With a lower-power
exciter, the problem of harmonic reduction is
made easier. The most satisfactory oscillator
circuits require the use of ascreen-grid tube.

(B)

(A)

(c)
OSC

AMP

DBLR
r

PWR

PWR

PWR

DBLR

AMP

(D)

OSC

PWR.

DBLR.

PWR
(E)

Fig. 6-1— Block diagrams showing typical combinations of oscillator and amplifiers and power-supply
arrangement for tran.rnitters. A wide selection is possible, depending upon the number of bands in which
operation is desired and the power output.
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Oscillators
Crystal Oscillators

The frequency of acrystal-controlled oscillator
is held constant to ahigh degree of accuracy by
the use of a quartz crystal. The frequency depends almost entirely on the dimensions of the
crystal (essentially its thickness); other circuit
values have comparatively negligible effect.
However, the power obtainable is limited by the
heat the crystal will stand without fracturing.
The amount of heating is dependent upon the
r.f. crystal current which, in turn, is a function
of the amount of feed-back required to provide
proper excitation. Crystal heating short of the
danger point results in frequency drift to an
extent depending upon the way the crystal is
cut. Excitation should always be adjusted to the
minimum necessary for proper operation.

dieted with any degree of accuracy, the tube used
must be one having good screening. From all
considerations, the 6AG7 is recommended. With
a well-screened tube and proper excitation adjustment, the output plate tuning characteristic

Htr.

(A
-t
Te
Tri-Tel

+150 10 300

Crystal- Oscillator Circuits
Fig. 6-2 shows three commonly-used crystaloscillator circuits. All are of the electron-coupled
type in which the screen of the tube serves as
the plate of atriode oscillator. A separate output
tank circuit is used in the actual plate circuit.
Because of the shielding effect of the screen and
suppressor grids, the coupling between the two
circuits is comparatively small and exists principally through the common electron stream
within the tube. Thus when the load is coupled
to the output circuit, its effect will be much less
than if it were coupled directly to the frequencygenerating circuit.
In the Tri-tet circuit of A, the screen is the
grounded "plate" of a t.g.t.p. triode oscillator,
the crystal taking the place of the coil-andcondenser grid tank. Excitation is controlled
by adjustment of the tank Lei which should
have a low L/C ratio and be tuned considerably
to the high-frequency side of the crystal frequency (approximately 5 Mc. for a 3.5- Mc.
crystal) to prevent over-excitation and high
crystal current. Once the proper adjustment for
average crystals has been found, C1 may be
replaced with a fixed condenser of equal value.
In the grid-plate circuit of Fig. 6-2B, the oscillating circuit is the equivalent of agroundedplate Colpitts. Excitation is adjusted by changing the ratio of the two capacitances, C9 and C7.
The oscillating circuit of the modified Pierce
oscillator in C is also basically a Colpitts, this
time with agrounded cathode. The grid-cathode
and screen-cathode capacitances serve the same
purpose as the two condensers connected across
the circuit in B. To obtain proper adjustment of
excitation, the screen-cathode capacitance is
augmented by C9 which may be adjusted for
optimum excitation.
In these circuits, output at multiples of the
crystal frequency may be obtained by tuning
the plate tank circuit to the desired harmonic,
the output obtainable dropping off, of course, at
the higher harmonics.
If the behaviour of these circuits is to be pre-

Htr. ( B)

1-150 to 300

Grid- Plate

Htr.

(C) -

Modified Flefce

+150 to 300

Fig. 6-2 — Commonl y-ti-,, lcrystal-controlled oscillator
circuits. Values are ti,-- ricommended for a 6AG7
tube. (See reference in text for other tubes.)
— Feed-back-control condenser — 3.5- Mc. crystals
— approx. 220. 55 1d. mica. — 7- Mc. crystals approx. 150-ppfd. mica.
C2 — Output tank condenser — 100-ppfd. variable for
single-band tank; 250. 55 1d. variable for twohand tank (see text).
C3 — Screen by-pass — 0.001-pfd. disk ceramic.
C4 — Plate by-pass — 0.00 I-pfd. disk ceramic.
Cs — Output coupling condenser — 50 to 100-ppfd.
mica.
C6 — Excitation-control condenser — approx. 10-ppfd.
mica.
C2 — Excitation-control condenser — 220-ppfd. mica.
Cs — D.c. blocking condenser — 0.001-pfd. mica.
C2 — Excitation-control condenser — 220-ppfd. mica.
Cto — Heater by-pass — 0.001-pfd. disk ceramic.
RI— Grid leak — 0.1 megohm,
watt.
112 — Screen resistor — 47,000 ohms, 1 watt (see text
if oscillator is to be keyed).
Li — Excitation-control inductance — 3.5- Mc. crystals
— approx. Iph.; 7.Mc. crystals — approx. 2gh.
1.2 — Output-circuit coil — single-band: — 3.5 Mc. —
17 µh.; 7Mc. — 8ph.; 14 Mc. — 2.5 ph.; 28 Mc.
— 1ph. Two-band operation: 3.5 & 7 Mc. —
7.5 ph.; 7 & 14 Mc. — 2.5 ph. (See text.)
HFC1 — 2.5-mh. 50-ma. r.f. choke.
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at the crystal fundamental, as well as at harmonics, will be similar to that shown in Fig.
6-3 and will cause less than 25 cycles change in
frequency. Crystal current, under these conditions, should not be excessive. If the oscillator
is to be keyed, best characteristics will be obtained by omitting the screen resistor, R2, and
connecting the screen lead to a regulated source
of 75 to 150 volts.
If a tube with poorer screening is used, the
effect of tuning the output circuit will not be
greatly different at harmonics of the crystal
frequency, but the operation at the crystal
fundamental may be altered drastically. When
the output circuit is tuned near resonance, oscillation may stop entirely, necessitating a critical
adjustment to one side of resonance for good
keying characteristics and to prevent a marked
rise in crystal current. Under these conditions,
the frequency may vary as much as 200 cycles.
Crystal current may be estimated by observing
the relative brilliance of a 60-ma. dial lamp
connected in series with the crystal. For stable
operation, crystal current should be limited as
much as possible and satisfactory output should
be obtained with a current of 40 ma. or less. If
the oscillator is to be keyed, the lamp should be
removed to prevent chirps.
Fig. 6-3 — Plate tuning
characteristic of electron- e
coupled circuits with a %
well-screened tube. The
plate-current dip at resonance broadens and is
less pronounced when the '1
circuit is loaded.

The characteristics of a crystal — particularly
in the thickness-frequency and temperaturefrequency relationships — depend upon the plane
in which the crystal plate is cut from the natural
quartz block. While other cuts are useful in certain applications, those for amateur transmitters
invariably are of either the " AT " or " BT" types.
Their respective temperature characteristics are
as follows:
AT-cut —
—
—
BTeut —
—
—

to cycles per Mc.

degrees C.
0cycles
degrees C.
+ 20 cycles
degrees C.
— 10 cycles
degrees C.
O cycles
degrees C.
— 20 cycles
degrees C.

per degree at 0

per Mc. per degree at 45
per Mc. per degree at 85
per Mc. per degree at 0
per Mc. per degree at 30
per Mc. per degree at 70

The relationship between the thickness of a
crystal and its frequency ising
,i i
l
ven by:
fM. = —

where fm. is the frequency in megacycles, t
the thickness in thousandths of an inch and k
is a constant of the crystal cut approximately
as follows:
ATeut — 66.2
BT-cut — 100.78

TLIN/NG

CAPAC/TY

For best harmonic output a tube with high
mutual conductance should be used. This is
especially important in the circuit of Fig. 6-2C.
The 6AG7 also meets this requirement. A low-C
output tank circuit is desirable, especially for
harmonic output. However, if a tank condenser
large enough to cover two adjacent bands with
the same coil is used, the output at the crystal
fundamental and at the harmonic will be approximately the same, since the LIC ratio will
be high when the circuit is tuned to the harmonic,
where low C is of the greater importance.
For best performance with a 6AG7 tube, the
values given under Fig. 6-2 should be followed
closely. ( For a discussion of values for other
tubes, see CS7' for March, 1950, page 28.)
Quartz- Crystal Characteristics

While crystals are produced for frequencies as
high as 50 Mc., by far the majority of those used
in amateur high-frequency transmitters are cut
for the 3.5- and 7-Mc. bands. With suitable
frequency-multiplying stages, this permits the
use of a single crystal for operation in the harmonically-related parts of higher-frequency
bands, as well as at the crystal fundamental frequency. As an example, a 3501-kc. crystal with
appropriate multipliers may be used for the frequencies of 7002 kc., 14,004 kc., 28,008 kc. etc.

An AT crystal usually is more active than
one of the BT-cut type, but since it is thinner
for the same frequency, there is greater danger
of fracture in operation. Therefore, AT-cut
crystals usually are used for frequencies below
5 Mc., while the BT-cut is used for crystals
whose frequencies lie above 5 Mc., although
this is not true in all cases.
While crystals are sometimes cut for fundamental frequencies as high as 14 Mc., most
crystals used by amateurs for frequencies
higher than the 7-Mc, band are "harmonictype" crystals; that is, the thickness corresponds to a frequency of one-third (sometimes
one-fifth) of the normal operating frequency.
The other dimensions of the crystal are proportioned so that the mechanical vibration is at
three times (or five times) the fundamental
frequency.
Regrinding Crystals

Because crystals near any desired frequency
can be purchased reasonably these days, it is not
profitable for the amateur to cut and grind his
own blanks. However, frequently it may be desirable to make alimited increase in the frequency
of acrystal at hand. Indispensable requirements
are apiece of plate glass, agood micrometer, supplies of Size 800 aluminum oxide for light grinding, and Size 400 silicon carbide for coarse grinding, and atest oscillator. A test oscillator of the
regenerative type, such as the one shown in Fig.
6-2B, is preferred. The oscillator should be
equipped with a grid-current milliammeter,
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preferably one with a 0.5-ma. scale. The grid
current should be checked first with the crystal
to be reground, and preferably with several
others known to have satisfactory activity, to
obtain an average of the grid current to be expected for normal crystal activity.
The most important factor in respect to activity is that of maintaining the proper surface
contour. When properly ground, the crystal is
thicker in the center than at the edges. The
difference in thickness should vary from about
0.001 inch for a 3.5- Mc. crystal M inch square
to about 0.00015 inch for a7- Mc. crystal.
The grinding compound should be sprinkled
on the glass plate and moistened with water to
make a very thin paste. One side of the crystal
should be marked at a corner with a pencil and
all of the grinding should be done on the opposite
side. The crystal should be swirled around in
figure-eight paths. The path should be changed
frequently to another part of the glass plate so
that the plate will be worn evenly. Light pressure
with the finger on a corner of the crystal should
be used. Make three or four "8's" to each of the
corners in succession and then repeat. Use lighter
pressure and make fewer "8's" as the desired
frequency is approached.
If a calibrated receiver is available, it can be
used to keep acontinuous check on the frequency
as the crystal is being ground. Place a sheet of
tinfoil or metal under the plate glass and connect
it to the antenna terminal of the receiver. Then as
the crystal is being ground, it will produce ahiss
in the receiver that peaks close to the crystal
frequency. To be safe, however, it is advisable to
limit the use of this method of checking to within
20 kc. of the desired frequency at 7 Mc. Then if
it is found that the activity is not up to normal,
the contour can be corrected without overshooting the desired frequency.
The crystal should be thoroughly cleaned of
grinding compound and other matter before
using the micrometer or checking in the test
oscillator, of course. Use soap, warm water and a
tooth brush, and dry with a tintless cloth or
tissue. Handle the crystal by the edges only after
cleaning.
Lowering Frequency
If acrystal has accidentally been ground down
too far, or if it is desired to lower slightly the
frequency of any other crystal, this can often be
done by loading the crystal. Loading, however,
may reduce the crystal activity if it is carried too
far. With agood active crystal, it should be possible to decrease the frequency as much as one
per cent — 35 ke. for a 3500-ke. crystal. Cold
soft solder rubbed into the crystal surface is suitable. The solder should be applied gradually
while the frequency and activity are checked.
Start off by marking a circle about
inch in
diameter at the center of the crystal and use this
as a boundary for additional applications of the
solder. The loading should be applied to both
surfaces as equally as possible.

• VARIABLE- FREQUENCY
OSCILLATORS
The frequency of a VFO depends entirely on
the values of inductance and capacitance in the
circuit. Therefore, it is necessary to take careful
steps to minimize changes in these values not
under the control of the operator. . \ sexamples,
even the minute changes of dimensions with
temperature, particularly those of the coil, may
result in aslow but noticeable change in frequency
called drift. The effective input capacitance of
the oscillator tube, which must be connected
across the circuit, changes with variations in
electrode voltages. This, in turn, causes achange
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 oscillator and variations in the load may reflect on the frequency. Very slight mechanical
movement of components may result in ashift in
frequency, and vibration can cause undesirable
modulation.
VFO Circuits
Fig. 6-4 shows the most commonly used circuits. They are designed to minimize the effects
mentioned above. All are of the electron-coupled
type discussed in connection with crystal oscillators.
The oscillating circuits in Figs. 6-4A and B
are the Hartley type; those in C and D are Colpitts circuits. There is little choice between the
circuits of A and C. In both, all of the effects
mentioned, except changes in inductance, are
minimized by the use of a high-Q tank circuit
obtained through the use of large tank capacitances. Any uncontrolled changes in capacitance
thus become avery small percentage of the total
circuit capacitance.
In the series-tuned Colpitts circuit of Fig.
6-4D (sometimes called the Clapp circuit), a
high-Q circuit is obtained in a different manner.
The tube is tapped across only a small portion
of the oscillating tank circuit, resulting in very
loose coupling between tube and circuit. The
taps are provided by aseries of three condensers
across the coil. In addition, the tube capacitances
are shunted by large condensers, so the effects
of the tube — changes in electrode voltages and
loading — are still further reduced. In contrast
to the preceding circuits, the resulting tank circuit has a high L/C ratio and therefore the tank
current is much lower than in the circuits using
high-(' tanks. As aresult, it will usually be found
that, other things being equal, drift will be less
with the low-C circuit.
For best stability, the ratio of C11 -I- C12 to
C13 or C14 (
which are usually equal) should be
as high as possible without stopping oscillation.
The permissible ratio will be higher the higher
the Q of the coil and the mutual conductance of
the tube. If the circuit does not oscillate over the
desired range, acoil of higher Q must be used or
the capacitance of C13 and C14 reduced.
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Load Isolation
In spite of the precautions already discussed,
the tuning of the output plate circuit will cause a
noticeable change in, frequency, particularly in
the region around resonance. This effect can be
reduced considerably by designing the oscillator
for half the desired frequency and doubling frequency in the output circuit, although there will
be some sacrifice in output.
It is desirable, although not a strict necessity
if detuning is recognized and taken into account,
to approach as closely as possible the condition
where the adjustment of tuning controls in the
transmitter, beyond the VFO frequency control,
will have negligible effect on the frequency. This
is done by using a non-resonant circuit in the
output of the oscillator, as shown in Fig. 6-4B.

Ht,. * 75 to 150 —
(A)

This type of output circuit may, of course, be
substituted in the other oscillators shown. Power
output is considerably reduced by this method
and it is usually necessary to follow the oscillator
with two or three amplifiers using the same type
of output circuit, as shown in Fig. 6-5, both to
bring the power level up and to provide the desired isolation. This arrangement gives fundamental output only. A voltage-regulated supply
is recommended.
Chirp
In all of the circuits shown there will be some
change of frequency with changes in screen and
plate voltages, and the use of regulated voltages
for both usually is necessary. One of the most
serious results of voltage instability occurs if

Ht,

15010 300

•751o150 — + 150to 300

(B) Hartley- Non -resonant Output

Hartley

C.

Ce
R,

VI

Output

C4
L3

Output

c.

04
R,

9

L2
RFC ,

;Cy

' CT

475to150

(C) Gems

— +150to 300

+75

to150 - + 15010300

(D) Series-Tuned Colpitts

Fig. 6-4 — VFO circuits. Approximate values for 3.5 Mc .are given below. For 1.75 Mc., all tank-circuit values of
capacitance and inductance, all tuning capacitances and C13 and Ci4 should be doubled; for 7 Mc., they should be
cut in half.
C; — Oscillator bandspread tuning condenser — 150temp. mica.
pad. variable.
Cil — Oscillator bandspread padder — 47-nufd. zero.
C2 — Output-circuit tank condenser — 100-µmfd. varitemp. mica.
able.
Ciz — Oscillator bandspread tuning condenser — 25.
C3 — Oscillator tank condenser — 500-gpfd. zero-temp.
55 1d. variable.
mica.
C13, C14 — Tube-coupling condenser — 0.001-pfd. zero.
— Grid coupling condenser — 100-ppfd. zero-temp.
temp. mica.
mica.
RI— 47,000 ohms, !
4watt.
— Heater by-pass — 0.001-pfd. disk ceramic.
Li — Oscillator tank coil — 4.3 ph., tapped about oneCg — Screen by-pass — 0.001-pfd. disk ceramic.
third-way from grounded end.
C7 — Plate by-pass — 0.001-pfd. disk ceramic.
L2 — Output-circuit tank coil — 22 ph.
Cs — Output coupling condenser — 50 to 100-mpfd.
L3 — Oscillator tank coil — 4.3 ph.
mica.
1.4 — Oscillator tank coil — 33 ph. (B & W JEL-80).
C9 — Oscillator tank condenser — 680-ppfd. zero-temp.
RFC; — 2.5-mh. 50-ma. r.f. choke.
mica.
Vi — 6AG7 preferred; other well-screened types usable.
Cio — Oscillator tank condenser — 0.0022-dd. zeroV2 — 6AG7 required.
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the oscillator is keyed, as it often is for break-in
operation. Although voltage regulation will
supply a steady voltage from the power supply
and therefore is still desirable, it cannot alter
the fact that the voltage on the tube must rise
from zero when the key is open, to full voltage
when the key is closed, and must fall back again
to zero when the key is opened. The result is a
chirp each time the key is opened or closed,
unless the time constant in the keying circuit is
reduced to the point where the chirp takes place
so rapidly that the receiving operator's ear cannot
detect it. Unfortunately, as explained in the
chapter on keying, acertain minimum time constant is necessary if key clicks are to be minimized. Therefore it is evident that the measures
necessary for the reduction of chirp and clicks
are in opposition, and acompromise is necessary.
For best keying characteristics, the oscillator
should be allowed to run continuously while a
subsequent amplifier is keyed. However, akeyed
amplifier represents a widely variable load and
unless sufficient isolation is provided between the
oscillator and the keyed amplifier, the keying
characteristics may be little better than when
the oscillator itself is keyed.
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
AMP

VFO

1

AMP

Variable condensers should have ceramic
insulation, good bearing contacts and should
preferably be of the double-bearing type, and
fixed condensers should have zero temperature
coefficient. The tube socket also should have
ceramic insulation and special attention should
be paid to the selection of a tank coil in the oscillating section.
Oscillator Coils
The Q of the tank coil used in the oscillating
portion of any of the circuits under discussion
should be as high as circumstances (usually
space) permit, since the losses, and therefore
the heating, will be less. With recommended care
in regard to other factors mentioned previously,
most of the drift will originate in the coil. The
coil should be of a type that radiates heat well,
such as a commercial air-wound type, or should
be wound tightly on a threaded ceramic form so
that the dimensions will not change readily with
temperature. The wire with which the coil is
wound should be as large as practicable, especially in the high- C circuits.
Mechanical Vibration
To eliminate mechanical vibration, components
should be mounted securely. Particularly in the
circuit of Fig. 6-41), the condenser should preferably have small, thick plates and the coil
braced, if necessary, to prevent the slightest mechanical
movement. Wire connections
Cl
,
—.111-00utput
between tank-circuit components should be as short as possible and flexible wire will have
less tendency to vibrate than
RFC'
solid wire. It is advisable to
cushion the entire oscillator
unit by mounting on sponge rubber or other shock mounting.
Tuning Characteristic

If the circuit is oscillating,
+150 TO 300V
175 TO 150 V.+ 11
touching the grid of the tube
or any part of the circuit conFig. 6-5—D agram showing two isolating amplifier stages following a VFO.
Well-screened tubes, such as the 6SK7 or similar are recommended.
nected to it will show achange
Ri — Grid leak — 50,000 ohms, ¡¡
— Coupling condenser — 100in plate current. In tuning
watt.
ggfd. mica.
the plate output circuit withC2 — By-pass
condenser — 0.001.
R2 — Cathode biasing resistor — 200
out load, the plate current
5M. disk ceramic.
to 500 ohms, 1 watt.
will be relatively high until it is
C3 — Heater by-pass — 0.001-gfd.
RFC1 — 2.5-mu. 50-ma. r.f. choke.
disk ceramic.
tuned near resonance where
the plate current will dip to a
low value, as illustrated in Fig. 6-3. When the
circuit in a separate shielded compartment, so
output circuit is loaded, the dip should still be
that they will be isolated from the direct heat
found, but broader and much less pronounced as
from tubes and resistors. The shielding also will
indicated by the dashed line. The circuit should
eliminate changes in frequency caused by movenot be loaded beyond the point where the dip is
ment of nearby objects, such as the operator's
still recognizable.
hand when tuning the VFO. The circuit of Fig.
6-4D lends itself well to this arrangement, since
Checking VFO Stability
relatively long leads between the tube and the
A VFO should be checked thoroughly before
tank circuit have negligible effect on frequency
it is placed in regular operation on the air. Since
because of the large shunting capacitances. The
succeeding amplifier stages may affect the signal
grid, cathode and ground leads to the tube can
characteristics, final tests should be made with
be bunched in acable.

HIGH-FREQUENCY TRANSMITTERS
the complete transmitter in operation. Almost
any VFO will show signals of good quality and
stability when it is running free and not connected to a load. A well-isolated monitor is a
necessity. Perhaps the most convenient, as well
as one of the most satisfactory, well-shielded
monitoring arrangements is a receiver combined
with a crystal oscillator, as shown in Fig. 6-6.

1

RECEIVER- 8F0 OFF

ó

0

Fig. 6-6 — Set-up for checking VFO stability. The receiver
should be tuned preferably to aharmonic of the VFO
frequency. The crystal oscillator may operate somewhere in the band in which the VFO is operating. The
receiver b.f.o. should be turned off.
(See " Crystal Oscillators," this chapter.) The
crystal frequency should lie in the band of the
lowest frequency to be checked and in the frequency range where its harmonics will fall in the
higher-frequency bands. The receiver b.f.o. is
turned off and the VFO signal is tuned to beat
with the signal from the crystal oscillator instead. In this way any receiver instability caused
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by overloading of the input circuits, which may
result in " pulling" of the h.f. oscillator in the
receiver, or by a change in line voltage to the
receiver when the transmitter is keyed, will not
affect the reliability of the check. Most presentday crystals have a sufficiently-low temperature
coefficient to give a satisfactory check on drift
as well as on chirp and signal quality if they are
not overloaded.
Harmonics of the crystal may be used to beat
with the transmitter signal when monitoring at
the higher frequencies. Since any chirp at the
lower frequencies will be magnified at the higher
frequencies, accurate checking can best be done
by monitoring at the latter.
The distance between the crystal oscillator and
receiver should be adjusted to give a good beat
between the crystal oscillator and the transmitter
signal. When using harmonics of the crystal
oscillator, it may be necessary to attach a piece
of wire to the oscillator as an antenna te give
sufficient signal in the receiver.
Checks may show that the stability is sufficiently good to permit oscillator keying at the
lower frequencies, where break-in operation is of
greater value, but that chirp becomes objectionable at the higher frequencies. If further improvement does not seem possible, it would be logical
in this case to use oscillator keying at the lower
frequencies and amplifier keying at the higher
frequencies.

R. F. Power Amplifiers
R.f. power amplifiers used in amateur transmitters usually are operated under Class C conditions (see chapter on vacuum-tube fundamentals). Fig. 6-7 shows ascreen-grid tube with
the required tuned tank in its plate circuit.
Equivalent cathode connections for a filamenttype tube are shown in Fig. 6-8. It is assumed
that the tube is being properly driven and that
the various electrode voltages are appropriate
for Class C operation. The main objective, of
course, is to deliver as much fundamental power
as possible (or as desired) into aload, R, without
exceeding the tube ratings. The load resistance R
may be in the form of a transmission line to an
antenna, or the grid circuit of another amplifier.
A further objective is to minimize the harmonic
energy (always generated by aClass C amplifier)
fed into the load circuit. In attaining these
objectives, the Q of the tank circuit is of importance.

e PLATE

TANK Q

The Q is determined (see chapter on electrical
laws and circuits) by the L/C ratio and the load
resistance of the tube ( not the resistance of the
load circuit). The tube load resistance is related,
in approximation, to the ratio of the d.c. plate
voltage to d.c. plate current at which the tube is
operated. The amount of C that will give aQ of
12 for various ratios is shown in Fig. 6-9. A Q of
12 is avalue chosen as an average that will satisfy
most of the requirements to be discussed. Certain

specific considerations may make a higher or
lower value desirable. For agiven plate-voltage/
plate-current ratio, the Q will vary directly as
the tank capacitance, twice the capacitance
doubles the Q etc.
Effect of Q on Tube Plate Efficiency
For good tube plate efficiency, the voltage drop
across the tank (which determines the instantaneous plate voltage) should approach a sine
wave characteristic. However, the plate current
flowing through the tank is in the highlydistorted form of short pulses containing considerable harmonic energy. As explained in the
chapter on electrical laws, a resonant circuit discriminates against harmonic voltages across the
circuit according to the Q of the circuit. If the Q
is sufficiently high, the wave shape of the voltage
drop across the tank circuit will be essentially
sinusoidal. So far as tube plate efficiency is concerned, requirements will be met satisfactorily if
the tank Q is 5or greater. However, as the Q is
increased, the current circulating in the tank
circuit becomes greater, increasing the tankcircuit loss. If the Q is greater than about 20, the
losses in the tank circuit will offset any further
improvement in plate efficiency.
Harmonic Output Reduction
Strictly speaking, a high-Q tank circuit does
not " attenuate" harmonics. The plate current
pulses remain unchanged with Q. However, it has
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been explained above that the harmonic voltage
drop across the tank circuit (a pure sine wave
has no harmonic content) decreases with an
increase in Q and therefore when the load circuit
is coupled across the tank circuit capacitively,
as shown in Fig. 6-7B, the harmonic voltage
across the load will be reduced as the Q of the
tank circuit is increased.
When inductive coupling is used, as in Fig.
6-7A, harmonic reduction in the load comes
about for a different reason. At resonance, as
explained in the chapter on electrical laws and
circuits, there is a build-up of fundamental current in the tank circuit, and this current becomes
greater as the Q is increased. As the current
through the tank coil increases, the same power
in the load will be obtained with looser inductive
coupling (a smaller coupling coefficient). Since
the harmonic current through the coil remains
fixed irrespective of Q, the amount of harmonic
energy coupled out becomes less as the coupling
is decreased.
As stated above, tank-circuit loss increases
with Q, so that the choice of Q must be a compromise depending upon whether efficiency or
harmonic reduction is considered the more important.

CHAPTER 6
Q and Broadbanding
Amateur frequencies are in bands — not spot
frequencies — and it becomes desirable to design
the circuits of the transmitter so that it may be

Fig. 6-8 — Filament center-tap connections to be substituted in place of
cathode connections shown in diagrams when filament-type tubes are
substituted. Ti is the filament transformer. Ci should be 0.001-µfd. disk
ceramic condensers.

operated within a band with a minimum of
retuning. It is therefore desirable to use the
minimum Q that will satisfy the previously discussed requirements.

•

OUTPUT COUPLING

SYSTEMS

Coupling to Flat Coaxial Lines

When the load le in Fig. 6-7A is located for
convenience at some distance from the amplifier,
Q vs. Coupling
or when maximum harmonic reduction is deAlso, as explained above, it is seen that the Q sired, it is advisable to feed the power to the
has an influence on coupling to a load when the
load through a low-impedance coaxial cable.
coupling is inductive. The higher the Q, the
The shielded construction of the cable prevents
larger the tank current and the smaller the
radiation and makes it possible to install the line
coefficient of coupling to the load can be for a in any convenient manner without danger of
given value of current in the load. Conversely,
unwanted coupling to other circuits.
the lower the Q, the greater the coefficient of
If the line is more than a small fraction of a
coupling must be.
wavelength long, the load resistance at its output
end should be adjusted, by a
matching circuit if necessary, to
match the characteristic impedance of the cable. This reduces losses in the cable to a
R minimum and makes the coupling adjustments at the transmitter independent of the cable
length. Matching circuits for use
between the cable and another
transmission line are discussed
+R.V.
in the chapter on transmission
lines, while the matching adjust(A)
(B)
ments when the load is the grid
circuit of a following amplifier
Fig. 6-7 — Output coupling circuits. A — Inare described elsewhere in this
ductive link coupling. B — Capacitive coupling.
CI— Plate tank condenser — see text and Fig. 6-9 for capacitance, Fig. chapter.
6-29 for voltage rating.
Assuming that the cable is
C2 — heater by-pass — 0.001-µfd. disk ceramic.
properly terminated, proper
C3 — Screen b;-pass — voltage rating depends on method of screen supply.
See section on screen considerations. Voltage rating same as plate loading of the amplifier will be
assured, using the circuit of
voltage will be safe under any condition.
C4 — Plate by-pass — 0.001-pfd. disk ceramic or mica. Voltage rating same Fig. 6-10A, if
as Ci, plus safety factor.
1) The plate tank circuit has
C5 — Coupling condenser — see Fig. 6-18.
Li — To resonate at operating frequency with Ci. See LC chart in miscel- reasonably high value of Q. A
laneous-data chapter and inductance formula in electrical-laws value of 10 or more is usually
chapter, or use AR It I. Lightning Calculator.
sufficient.
L2 — Reactance equal to line impedance. See reactance chart in miscellane2) The inductance of the pickous-data chapter and inductance formula in electrical-laws chapter,
up or link coil is close to the optior use ARRL Lightning Calculator.
R — Representing load.
mum value for the frequency
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00

Capacitance in
f
d. Required for Coupling to
Flat Coaxial Linea with Tuned Coupling Circuit
Frequency
Characteristic Impedance of Line
Band
52
75
Mc.
ohms I
ohms
1.8
900
600
3.5
450
300
7
230
150
14
115
75
28
60
40
ICapacitance values are maximum usable.

800
700
600
500
1
:
400

!es

300
'

Ns'o
\e

200

Note: Inductance in circuit must be adjusted to
resonate at operating frequency.

ISO

6.

system shown in Fig. 6-10A will require tight
coupling between the two coils. Since the secondary ( pick-up coil) circuit is not resonant, the
leakage reactance of the pick-up coil will cause
some detuning of the amplifier tank circuit.
This detuning effect increases with increasing
coupling, but is usually not serious. However, the
amplifier tuning must be adjusted to resonance, as
indicated by the plate-current dip, each time the
coupling is changed.
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Fig. 6-9 — Chart showing plate tank capacitance required for aQ of 12. To use the chart, divide the tube
plate voltage by the plate current in milliamperes. Select the vertical line corresponding to the answer obtained. Follow this vertical line to the diagonal line for
the band in question, and thence horizontally to the
left to read the capacitance. For agiven ratio of platevoltage/plate current, doubling the capacitance shown
doubles the Q etc. When a split-stator condenser is
used in abalanced circuit, the capacitance of each section
may be one half of the value given by the chart.

and type of line used. The optimum coil is one
whose self-inductance is such that its reactance
at the operating frequency is equal to the characteristic impedance, Zo, of the line.
3) It is possible to make the coupling between
the tank and pick-up coils very tight.
The second in this list is often hard to meet.
Few manufactured link coils have adequate inductance even for coupling to a 50-ohm line at
low frequencies.
If the line is operating with a low s.w.r., the

The design difficulties of using " untuned"
pick-up coils, mentioned above, can be avoided
by using acoupling circuit tuned to the operating
frequency. This contributes additional selectivity
as well, and hence aids in the suppression of
spurious radiations.
If the line is flat the input impedance will be
essentially resistive and equal to the Zo of the
line. With coaxial cable, which has a Zo of 75
ohms or less, acircuit of reasonable Q can be obtained with practicable values of inductance and
capacitance connected in series with the line's
ti put terminals.
i
Suitable circuits are given in Fig. 6-10 at B
and C. The values of inductance and capacitance
in the coupling circuits are not highly critical, but
the L/C ratio must not be too small. The Q of the
coupling circuit often may be as low as 2, without running into difficulty in getting adequate
coupling to atank circuit of proper design. Larger
values of Q can be used and will result in increased
ease of coupling, but as the Q is increased the
frequency range over which the circuit will operate without readjustment becomes smaller. It is
usually good practice, therefore, to use acouplingcircuit Q just low enough to permit operation,
over as much of aband as is normally used for a
particular type of communication, without requiring retuning.

Alternative for use
with small links

(A)

(B)

(C)

Fig. 610 — With flat transmission lines power transfer is obtained with looser coupling if the line input is tuned

to resonance. CIand Li should resonate at the operating frequency. See table for maximum usable value of CI.
If circuit does not resonate with maximum Ci or less, inductance of Li must be increased, or added in series at Ls
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Capacitance values for a Q of 2 and line
impedances of 52 and 75 ohms are given in the
accompanying table. These are the maximum
values that should be used. The inductance in the
circuit should be adjusted to give resonance at
the operating frequency. If the link coil used for a
particular band does not have enough inductance
to resonate, the additional inductance may be
connected in series as shown in Fig. 6-10C.
In practice, the amount of inductance in the
circuit should be chosen so that, with somewhat loose coupling between L1 and the amplifier
tank coil, the amplifier plate current will increase
when the variable condenser, C1,is tuned through
the value of capacitance given by the table. The
coupling between the two coils should then be
increased until the amplifier loads normally,
without changing the setting of C1.Slight retuning of the plate tank condenser may be required. If the transmission line is flat over the
entire frequency band under consideration, it
should not be necessary to readjust C1 when
changing frequency, 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 C1 may be needed to compensate for changes in the input impedance of
the line as the frequency is changed. If the input
impedance variations are not large, C, may be
used as aloading control, no changes in the coupling between L1and the tank coil being necessary.
The degree of coupling between L1 and the
amplifier tank coil will depend on the couplingcircuit Q. With a Q of 2, the coupling should be
tight — comparable with the coupling that is
typical of " fixed-link" manufactured coils. With
a swinging link it may be necessary to increase
the Q of the coupling circuit in order to get sufficient power transfer. This can be done by increasing the L/C ratio.

CHAPTER 6
should be adjustable to areactance of about half
of the characteristic impedance of the line. C1,
the input condenser, and L1 should have values
approximately the same as used in aconventional
tank circuit for aQ of 12 (see Fig. 6-9).
A decrease in the capacitance of C2, or the
inductance of LI,will increase the coupling and
vice versa. Each time L1or C2 is changed, C1
must be readjusted for resonance.

•R.F. AMPLIFIER-TUBE OPERATION
Driving Power, Efficiency, Dissipation
and Power Input

One of the most significant tube ratings is the
maximum plate-dissipation rating. This is the
power that can be safely dissipated in the tube
as heat without damage to the tube. It is the
difference between r.f. power output and the d.c.
power input to the plate. For agiven dissipation
rating, the theoretical power output from a
tube depends on the efficiency with which it can
be made to operate. The Po/Pd curve of Fig. 6-12
shows the theoretical power output obtainable
at various efficiencies in terms of the platedissipation rating. For instance, at an efficiency
of 60 per cent, the curve shows that the output
will be 1.5 times the dissipation rating, while at
an efficiency of 90 per cent apower of 9times the
dissipation rating might be obtained. However,
the Pi /Pd curve shows that the power input at
90 per cent would have to be 10 times the dissipation rating. An input of this magnitude would
exceed the power-input rating (plate voltage X
plate current) of the tube, which is based on
cathode emission and electrode insulation. Also,
referring to Fig. 6-13, it is seen that the higher
efficiencies are obtainable only by the use of an
inordinate amount of driving power. In other
words, as the curve shows, the power amplification
Pi- Section Output Tank
decreases rapidly. The typical operating condiA pi-section tank circuit may also be used in
tions given in the tube tables represent a comcoupling to a low-impedance transmission line,
promise of these factors. The labels under the
as shown in Fig. 6-11. The output condenser, C2,
curves of Fig. 6-12 show the usual practical
efficiencies attainable for various classes of tube
CL,
operation. For instance, at an efficiency of 75 per
L
C_
4
cent, a Class C amplifier could normally be
operated at a power input of 4 times its plate
ovum_ LINE dissipation. A doubler, however, normally operRFC,
C5,1
ating at about 35 per cent efficiency, could handle
an input of only about 1.5 times its dissipation
rating. The efficiencies shown for Class B
fi)
amplifiers are for full excitation and full input.
HTR + 56.— + N.V. —
The figures for driving power listed in the tube
Fig. 6-11 — P.section output tank circuit.
tables do not include coupling-circuit losses and
Ci — Input condenser — see text and Fig. 6-9 for cato assure adequate excitation, the driver tube
pacitance. For voltage rating see CI, Fig. 6-7.
should be capable of an output power three or
•
C2 — Output condenser — adjustable to half reactance
of line impedance — see text and reactance
four times the rated driving power of the amplichart in chapter of miscellaneous data. Voltage
fier. For normal operation, proper excitation is
rating — receiving spacing good for 1k.w. at
indicated when rated d.c. grid current is obtained
50 or 75 ohms.
C3 — Heater by-pass — 0.001-dd. disk ceramic.
at rated bias (see tube tables).
C4 — Screen by-pass — see Fig. 6-7.
Depending on the material from which the
C2 — Plate by-pass — see Fig. 6-7.
plate is made, the plate will show no color, or
Ce — Plate blocking condenser — 0.001-pfd. disk cevarying degrees of redness, when operating at
ramic or mica. Voltage rating same as CI.
Li — Inductance approx. same as Li, Fig. 6-7.
rated dissipation. This can be checked by oper-
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Filament Voltage

The filament voltage for the indirectly-heated
cathode-type tubes found in low-power classifications may vary 10 per cent above or below
rating without seriously reducing the life of the
tube. But the voltage of the higher-power filament-type tubes should be held closely between
the rated voltage as a minimum and 5 per cent
above rating as amaximum. Make sure that the
plate power drawn from the power line does not
cause adrop 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 overload has not been too prolonged, emission sometimes may be restored by operating the filament
at rated voltage with all other voltages removed
for aperiod of 10 minutes, or at 20 per cent above
rated voltage for a few minutes.
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Fig. 6-12— Curves showing the relationship of power
output (
a), power input (
P.), plate dissipation (
Pa)
and efficiency according to class of amplifier tube
operation.
ating the tube without excitation, but with plate
and screen voltages applied, for aperiod approximating normal operation. Fixed bias should be
applied to bring the plate current to some low
value at the start. The bias should be gradually
reduced until the input to the tube ( plate voltage
X plate current in decimal parts of an ampere)
equals the rated dissipation. The color of the
plate at this input should be noted so that it can
be compared with the color showing in normal
operation. A brighter color in operation would,
of course, indicate that the dissipation rating
is being exceeded.
Maximum Grid Current
'Maximum grid dissipation usually is expressed in terms of the maximum grid current
at which the tube should be operated to prevent damage to the tube. A common result of
excessive grid heating is acondition where the
grid current gradually falls off. If the bias is
supplied largely by grid-leak action, the bias
drops and the tube draws excessive plate current. The total effect is one in which the temperature of the tube rapidly rises to the danger
point. Sometimes, but not always, the tube
will restore itself to normal if all power, except
filament, is turned off for several minutes. If
the overload has been serious or prolonged,
with athoriated-filament tube, it may be pos
sible to reactivate the filament, as described
below, but sometimes the tube will be permanently damaged.

The portion of the excitation cycle over which
the amplifier draws plate grid current (operating
angle) is governed by applying anegative biasing
voltage between grid and cathode. Recommended
values will be found in the tube tables. Several
methods of obtaining bias are shown in Fig. 6-14.
In A, bias is obtained by the voltage drop across
a resistor in the grid d.c. return circuit when
rectified grid current flows. The proper value of
resistance may be determined by dividing the
required biasing voltage by the d.c. grid current
at which the tube will be operated. The tube is
biased only when excitation is applied, since the
voltage drop across the resistor depends upon
grid-current flow. When excitation is removed,
the bias falls to zero. At zero bias most tubes
draw power far in excess of the plate-dissipation
rating. So it is advisable to make provision for
protecting the tube when excitation fails by
accident, or by intent as it does when apreceding
stage in a c.w. transmitter is keyed. This protect:on can be supplied by obtaining all bias from

Power
Amplification

Etf lc i
enu__
(....----------------"

Grid
Driving P° wer
D.C. Grid Current — a-Fog. 6-13— Curves showing relationship of drit ing power,
power amplification and plate-circuit efficiency of an r.f.
power-amplifier stage.
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asource of fixed voltage, as shown in Fig. 6-14B.
It is preferable, however, to use only sufficient
fixed bias to protect the tube and obtain the
balance needed for operating bias from a grid
leak, as indicated in C. The grid-leak resistance
in this case is calculated as above, except that the
fixed voltage used is subtracted first.
Fixed bias may be obtained from dry batteries
or from apower pack (see power-supply chapter).
If dry batteries are used, they should be checked
periodically, since even though they may show
normal or above-normal voltage, they eventually
develop a high internal resistance. Grid-current
flow through this battery resistance may increase
the bias considerably above that anticipated.
The life of batteries in bias service will be approximately the same as though they were subject
to a drain equal to the grid current, despite the
fact that the grid-current flow is in such adirection as to charge the battery, rather than to
discharge it.
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 completely but only to the point where the rated
dissipation is not exceeded. In this case platemodulated 'phone ratings should be used for
c.w. operation.
In Fig. 6-14F, bias is obtained from the voltage drop across a resistor in the cathode (or
filament center-tap) lead. Protective bias is ob-

tained by the voltage drop across R5 as a result
of plate (and screen) current flow. Since plate
current must flow to obtain avoltage drop across
the resistor, it is obvious that cut-off protective
bias cannot be obtained by this system. When
excitation is applied, plate (and screen) current
increases and the grid current also contributes to
the drop across R5, thereby increasing the bias to
the operating value. Since the voltage between
plate and cathode is reduced by the amount of
the voltage drop across R5, the over-all supply
voltage must be the sum of the plate and operating-bias voltages. For this reason, the use of
cathode bias usually is limited to low-voltage
tubes when the extra voltage is not difficult to
obtain.
The resistance of the cathode biasing resistor
14 should be adjusted to the value which will give
the correct operating bias voltage with rated
grid, plate and screen currents flowing with the
amplifier loaded to rated input. When excitation
is removed, the input to most types of tubes will
fall to a value that will prevent damage to the
tube, at least for the period of time required to
remove plate voltage.
A disadvantage of this biasing system is that
the cathode r.f. connection to ground depends
upon aby-pass condenser. From the consideration
of v.h.f. harmonics and stability with highperveance tubes, it is preferable to make the
cathode-to-ground impedance as close to zero as
possible.

=T

Protective= Operating
bias —
bias
I

(A)

(D)

+

(B)

(E)

T
Operating
Protective= bàs
bias -7.7
Mo.

(c)

(F)

Fig. 6-14 — Various systems for obtaining protective and operating bias for r.f. amplifiers. A — Grid-leak. B — Battery. C — Combination battery and grid leak. D — Grid leak and adjusted-voltage bias pack. E — Combination
grid leak and voltage-regulated pack. F — Cathode bias.

HIGH-FREQUENCY TRANSMITTERS
Protecting Screen- Grid Tubes
Screen-grid tubes cannot be cut off with bias
unless the screen is operated from afixed- voltage
supply. In this case the cut-off bias is approximately the screen voltage divided by the amplification factor of the screen. This figure is not
always shown in tube-data sheets, but cut-off
voltage may be determined from an inspection
of tube curves, or by experiment.
TO AMP
SCREEN

r-VR
TO AMP
GRID

6ye G

SCREEN
RESISTOR

ANP.
GRID
LEAK

6.35.
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drawn by the screen. However, with a resistor,
the screen voltage may vary considerably with
excitation, making it necessary to check the
voltage at the screen terminal under actual
operating conditions to make sure that the screen
voltage is normal. Reducing excitation will cause
the screen current to drop. increasing the voltage;
inereasing excitation will have the opposite
effect. These changes are in addition to those
caused by changes in bias and plate loading, so
if a screen-grid tube is operated from a series
resistor or avoltage divider, its voltage should be
checked as one of the final adjustments after
excitation and loading have been set.
An approximate value of resistance for the
screen-voltage dropping resistor may be obtained
by dividing the voltage drop required from the
supply voltage (difference between the supply
voltage and rated screen voltage) by the rated
screen current in decimal part.: of an ampere.
Sonic further adjustment may be necessary, as
mentioned above, so an adjustable resistor with a
total resistance above that calculated should be
provided.

+5.G.

Fig. 6.15— Screen damper circuit for protecting screengrid power tulu•-. '['he VIt tube is needed only for complete cut-off.
C1 — 0.001-afd. disk ceramic. R1 — 100 ohms.
When the screen is supplied from a series
dropping resistor, the tube can be protected by
the use of a screen-damper tube, as shown in
Fig. 6-15. The grid- leak bias of the amplifier tube
with excitation is applied also to the grid of the
damper tube. This is usually sufficient to eut off
the damper tube. However, when excitation is
removed, the clamper-tube bias falls to zero and
it draws enough current through the screen dropping resistor usually to limit the input to the
amplifier to a safe value. If complete screenvoltage cut-off is desired, a VR tube may be
inserted in the screen lead as shown. The VRtube voltage rating should be high enough so
that it will extinguish when excitation to the
amplifier is removed. One VR tube should be
used for each 40 ma. of screen current, other
tubes being added in parallel if needed.
Screen Considerations
Since the power taken by the screen does not
contribute to the r.f. output, it is dissipated entirely in heating the screen, so the dissipation
can be calculated simply by multiplying the
screen voltage by the screen current.
It should be kept in mind that screen current
varies widely with both excitation and loading.
If the screen is operated from a fixed-voltage
source, the tube should never be operated without
plate voltage and load, otherwise the screen may
be damaged within a short time. Supplying the
screen through a series dropping resistor from a
higher-voltage source, such as the plate supply,
affords a measure of protection, since the resistor causes the screen voltage to drop as the
current increases, thereby limiting the power
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FEEDING EXCITATION
TO THE GRID

In coupling the grid input circuit of an amplifier to the output circuit of a driving stage the
objective is to load the driver plate circuit so that
the desired amplifier grid excitation is obtained
without exceeding the plate-input ratings of the
driver tube.
As explained earlier, the grid of a Class C
amplifier must be driven positive in respect to
cathode over aportion of the excitation cycle, and
rectified grid current flows in the grid-cathode
circuit. This represents an average resistance
across which the exciting voltage must be developed by the driver stage. In other words, this
is the load resistance into which the driver plate
circuit must be coupled. The approximate grid
input resistance is given by:
Input impedance (
ohms)
driving power (
watts)
d.c. grid current (
ma.) 2

X 622 X 103.

For normal operation, the values of driving power
and grid current may he taken from the tube
tables.
Since the grid input resistance is amatter of a
few thousand ohms, an impedance step-down is
necessary if the grid is to be fed from a lowimpedance transmission line. This can be done
by the use of atank as an impedance-transforming device in the grid circuit of the amplifier as
shown in Fig. 6-16. This coupling system may be
considered either as simply ameans 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 wavelength, and if as.w.r. bridge is available, the line
is more easily handled by adjusting it as a
matched transmission line.
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GRID TANK

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 aband 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
circuit. So far as the amplifier grid circuit is
concerned, the controlling factors are the Q of
the tuned grid circuit, L2C2, (
see Fig. 6-17) the
inductance of the coupling coil, L4, and the degree of coupling between L2 and L4.Variable
coupling between the coils is convenient, but not
strictly necessary if one or both of the other
factors can be varied. An s.w.r. indicator (shown
as " SWR" in the drawing) is essential. An indicator such as the " Micromatch" (acommercially
available instrument) may be connected as shown
and the adjustments made under actual operating
conditions; that is, with full power applied to
the amplifier grid.
Assuming that the coupling is adjustable,
start with a trial position of L4 with respect to
L2,and adjust C2 for the lowest s.w.r. Then
change the coupling slightly and repeat. Continue until the s.w.r. is as low as possible; if the
circuit constants are in the right region it should
not be difficult to get the s.w.r. down to 1to 1.
The Q of the tuned grid circuit should be designed
to be at least 10, and if it is not possible to get a
very low s.w.r. with such agrid circuit the probable reason is that L4 is too small. Maximum
coupling, for a given degree of physical coupling
between the two coils, will occur when the inductance of L4 is such that its reactance at the
operating frequency is equal to the characteristic impedance of the link line. The reactance
can be calculated as described in the chapter on
electrical fundamentals if the inductance is

CAPACITANCE-pyre

Inductive Link Coupling with Flat Line

0

î
0
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DRIVING POWER (WATTS)
D.C. GRID CURRENT
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a

Fig. 6-17 — Chart showing required grid tank capacitance for aQ of 12. '
ro use, divide the driving power in
watts by the square of the d.c. grid current in milliamperes and proceed as described under Fig. 6-9. Driving
power and grid current may be taken from the tube
tables. When a split-stator condenser is used in a balanced grid circuit, the capacitance of each section may
be half that shown by the chart.

known; the inductance can either be calculated
from the formula in the same chapter or measured
as described in the chapter on measurements.
Once the s.w.r, has been brought down to 1to
1, the frequency should be shifted over the band
so that the variation in s.w.r. can be observed,
without changing C1 or the coupling between L2
and L4.If the s.w.r. rises rapidly on either side of the origiDRIVER
AMP.
nal frequency the circuit can
be made " flatter" by reducing
the Q of the tuned grid circuit.
This may be done by decreasing C2 and correspondingly
increasing L2 to maintain resoSW R.
nance, and by tightening the
00
coupling
between L2 and L4,
L4
I
0 0
going through the same ad—sms +
justment process again. It is
Fig. 6-16 — Coupling excitation to the grid of an r.f. power amplifier by means possible to set up the system
so that the s.w.r. will not exof a low-impedance coaxial line.
Ci, C3, Li, Ls — See corresponding components in Fig. 6-7.
ceed 1.5 to 1over, for example,
C2 - Amplifier grid tank condenser — see text and Fig. 6-17 for capacitance,
the entire 7-Mc, band and proFig. 6-30 for voltage rating.
portionately on other bands.
C4 — 0.001-afd. disk ceramic.
L2 — To resonate at operating frequency with Ca. See LC chart in miscellane- Under these circumstances a
ous-data chapter and inductance formula in electrical-laws chapter, single setting will serve for
or use ARRL Lightning Calculator.
work anywhere in the band,
L4 — Reactance equal to line impedance — see reactance chart in miscellaneous-data chapter and inductance formula in electrical-laws chapter, or with essentially constant
power transfer from the line
use AR111., Lightning Calculator.
R is used to simulate grid impedance of the amplifier when alow-power s.w.r. to the power-amplifier grids.
indicator, such as aresistance bridge, is used. See formula in text for calculatIf the coupling between L2
ing value. Standing-wave indicator, SWR is inserted in line only while line is
and L4 is not adjustable the
made flat.

HIGH-FREQUENCY TRANSMITTERS
same result may be secured by varying the L/C
ratio of the tuned grid circuit — that is, by
varying its Q. If any difficulty is encountered it
can be overcome by changing the number of
turns in L4 until a match is secured. The two
coils should be tightly coupled.
When a resistance-bridge type s.w.r. indicator
(see measuring-equipment chapter) is used it is
not possible to put the full power through the
line when making adjustments. In such case the
operating conditions in the amplifier grid circuit
can be simulated by using acarbon resistor
or
1watt size) of the same value as the calculated
amplifier grid impedance, connected as indicated
by the arrows in Fig. 6-16. In this ease the
amplifier tube must be operated " cold" — without filament or heater power. The adjustment
process is the same as described above, but with
the driver power reduced to a value suitable for
operating the s.w.r. bridge.
When the grid coupling system has been adjusted so that the s.w.r. is close to 1to 1over the
desired frequency range, it is certain that the
power put into the link line will be delivered to
the grid circuit. Coupling will be facilitated if
the line is tuned as described under the earlier
section on output coupling systems.
Link Feed with Unmatched Line
When the system is to be treated without regard to transmission-line effects, the link line
must not offer appreciable reactance at the
operating frequency. Unless the constants happen
to tune the link near resonance, any appreciable
reactance, inductive or capacitive, will in effect
reduce the coupling, making it impossible to
transfer sufficient power from the driver to the
amplifier grid circuit. Coaxial cables especially
have considerable capacitance for even short
lengths and for this reason it may be more desirable to use aspaced line, such as twin lead, if
the radiation can be tolerated.
The reactance of the line can be nullified only
by making the link resonant. This may require
changing the number of turns in the link coils,
the length of the line, or the insertion of atuning
capacitance. The disadvantages of such a resonant link are obvious. Since the s.w.r. on the
link line may be quite high, the line losses increase because of the greater current, the voltage
increase may be sufficient to cause abreak-down
in the insulation of the cable and the added tuned
circuit makes adjustment more critical with relatively small changes in frequency.
These troubles may not be encountered if the
link line is kept very short for the highest frequency. A length of 5 feet or more may be
tolerable at 3.5 Mc., but a length of a foot at 28
Mc. may be enough to cause serious effects on
the functioning of the system.
Adjusting the coupling in such a system depends so much on the dimensions of the link line
used that it must necessarily be largely a matter
of cut and try. If the line is short enough so as
to have negligible reactance, the coupling between the two tank circuits will increase within
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limits by adding turns to the link coils, maintaining as close as possible equal inductances in each
coil, or by coupling the link coils more tightly, if
possible, to the tank coils. If it is impossible to
change either of these, a variable condenser of
300 add. 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 coaxial line is used, the condenser should be connected in series with the
inner conductor. If the line is long enough to
have appreciable reactance, the variable condenser is used to resonate the entire link circuit.
As mentioned previously, the size of the link
coils and the length of the line, as well as the
size of the condenser, will affect the resonant
frequency and it may take an adjustment of all
three before the condenser will show a pronouneed effect on the coupling. When the system
has been made resonant, coupling may be adjusted by varying the link condenser.
Simple Capacitive Interstage Coupling
The capacitive system of Fig. 6-18A is the simplest of all coupling systems. (See Fig. 6-8 for
filament-type tubes.) In this circuit, the plate
tank circuit of the driver, CiLi, serves also as
the grid tank of the amplifier. Although, it is used
more frequently than any other system, it is less
flexible and has certain limitations that must be
taken into consideration.
The two stages cannot be separated physically
any appreciable distance without involving loss
in transferred power, radiation from the coupling
lead and the danger of feed-back from this lead.
Since both the output capacitance of the driver
tube and the input capacitance of the amplifier
are across the single circuit, it is sometimes difficult to obtain a tank circuit with a sufficiently
low Q to provide an efficient circuit at the higher
frequencies. The coupling can be varied by
altering the capacitance of the coupling condenser, C2, but no impedance transforming is
possible. The driver load impedance is the sum
of the amplifier grid resistance and the reactance
of the coupling condenser in series, the coupling
condenser serving simply as a series reactor.
Driver load resistance increases with a decrease
in the capacitance of the coupling condenser.
When the amplifier grid impedance is lower
than the optimum load resistance for the driver,
a transforming action is possible by tapping the
grid down on the tank coil, but this is not
recommended because it invariably causes an
increase in v.h.f. harmonics and sometimes sets
up aparasitic circuit.
So far as coupling is concerned, the Q of the
circuit is of little significance. However, the other
considerations discussed earlier in connection
with tank-circuit Q should be observed.
Pi- Section Tank as Interstage Coupler
A pi-section tank circuit, as shown in Fig.
6-18B, may be used as acoupling device between
screen-grid amplifier stages. The circuit is actually a capacitive coupling arrangement with the
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grid of the amplifier tapped down on the circuit
by means of a capacitive divider. In contrast to
the tapped-coil method mentioned previously,
this system will be very effective in reducing
v.h.f, harmonics, because the output condenser,
Cg, provides a direct capacitive shunt for harmonies across the amplifier grid circuit.
To be most effective in reducing v.h.f. harmonics, C8 should be amica condenser connected
directly across the tube-socket terminals. Tapping down on the circuit in this manner also
helps to stabilize the amplifier at the operating
frequency beeause of the grid-cireui t loading
provided by es. For the purl ) 0ses buth of stability and harmonie reduction, experience has
shown that avalue of 100i.tdd. for C8 usually is
DRIVER

RFC ,
C4

H.V.

-
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Fig. 6-19 — Circuit of sensitive neutralizing indicator.
Xtu/ is a 1N34 crystal detector, MA a0-1 direct-current
milliammeter and Ca0.001- Add. mica by-pass condenser.

sufficient. In general, C7 and L2 should have
values approximating the capacitance and inductance used in a conventional tank circuit.
A reduction in the inductance of L2 results in an
increase in coupling because C7 must be increased to retune the circuit to resonance. This changes the ratio of C7 to
AMP
Cg and has the effect of moving the grid
tap up on the circuit. Since the coupling
to the grid is comparatively loose under
any condition, it may be found that it is
impossible to utilize the full power cas
pability of the driver stage. If sufficient
excitation cannot be obtained, it may be
necessary to raise the plate voltage of
the driver, if this is permissible. Otherwise a larger driver tube may be reSIR
quired. As shown in Fig. 6-18B, parallel
driver plate feed and amplifier grid feed
AMP
are necessary.

•

STABILIZING AMPLIFIERS
External Coupling

(3)
Fig. 6-18 — Capacitive-coupled amplifiers. A — Simple capacitive
coupling. B — Pi-section coupling.
Ci — Driver plate tank condenser — see text and Fig. 6-7 for capacitance, Fig. 6-29 for voltage rating.
C2 — Coupling condenser — 50 to 150 gad. mica, as necessary
for desired coupling. Voltage rating sum of driver plate
and amplifier biasing voltages, plus safety factor.
C3 — Driver plate by-pass condenser — 0.001- 5M. disk ceramic
or mica. Voltage rating same as plate voltage, plus safety
factor.
C4- Grid by-pass — 0.001-pfd. disk ceramic.
Cr, — heater by-pass — 0.001-dd. disk ceramic.
CO— Driver plate blocking condenser — 0.001-pfd. disk ceramic
or mica. Voltage rating same as C2.
C7 — Pi-section input condenser — see text and Fig. 6-9 for capacitance. Voltage rating same as Ci.
Cg — Pi-section output condenser — 100-mpfd. mica. Voltage
rating same as driver plate voltage plus safety factor.
— To resonate at operating frequency with Ci. See LC chart in
miscellaneous-data chapter and inductance formula in
electrical-laws chapter, or use ARRL Lightning Calculator.
— Pi-section inductance — See text. Approximately same as Li.
RFC, — Grid r.f. choke — 2.5-mh. Current rating minimum of
grid-current to be expected.
RFC2 — Driver plate r.f. choke — 2.5 mh. Current rating minimum of plate current expected.

A straight amplifier operates with its
input and output circuits tuned to the
same frequency. Therefore, unless the
coupling between these two circuits is
brought to the necessary minimum, the
amplifier will oscillate as a tuned-plate
tuned-grid circuit. Care should be used
in arranging components and wiring of
the two circuits so that there will be
negligible opportunity for coupling external to the tube itself. Complete
shielding between input and output circuits usually is required. 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 arrangement is one in which
the cathode (or filament center tap)
connection to ground, and the plate
tank circuit are on the same side of the
chassis or other shielding. Then the
"hot" lead from the grid tank (or driver
plate tank) should be brought to the
socket through a hole in the shielding.
Then when the grid tank condenser, or
by-pass is grounded, a return path
through the hole to cathode will be encouraged, since transmission-line characteristics are simulated.
A check on external coupling between
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input and output circuits can be made with a
sensitive indicating device, such as the one diagrammed in Fig. 6-19. The amplifier tube is removed from its socket and if the plate terminal is
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 condenser tuned
for any indication of r.f. feed- through. Experiment with shielding and rearrangement of parts
will show whether the isolation can be improved.
Neutralizing Circuits

lighted and excitation from the preceding stage
fed to the grid circuit. There should be no plate
voltage applied to the amplifier.
The immediate objective of the neutralizing
process is reducing to a minimum the r.f. driver
voltage fed from the input of the amplifier to
its output circuit through the grid-plate capacitance of the tube. This is done by adjusting
carefully, bit by bit, the neutralizing condenser
or link coils until an r.f. indicator in the output
circuit reads minimum.
The device shown in Fig. 6-19 makes asensitive
neutralizing indicator. The link should be coupled
to the output tank coil at the low-potential or

The plate-grid capacitance of screen-grid tubes
is reduced to afraction of amicro-microfarad by
the interposed grounded screen. Nevertheless,
the power sensitivity of these tubes is so great
that only a very small amount of feed-back is
necessary to start oscillation. To assure astable
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 Input
'
5 1
grid- plate capacitance, by another voltage of
L1 E
opposite phase.
Fig. 6-20A shows how a screen-grid amplifier may be neutralized by the use of an
inductive link line coupling the input and output
tank circuits in proper phase. The two coils
must be properly polarized. If the initia Iconnection proves to be incorrect, connections to one
of the link coils should be reversed. Neut ralizing
is adjusted by changing the distance bet ween the
link coils and the tank coils, once correct polarization has been determined. A wrong connection
will cause the amplifier to oscillate still more
strongly. In the case of capacitive coupling, one
of the link coils will be coupled to the plate tank
coil of the driver stage.
A capacitive neutralizing system for screengrid tubes is shown in Fig. 6-20B. C2 is the
neutralizing condenser. The capacitance should
be chosen so that at some adjustment of Ce.the
DRIVER
ratio of C2 to CIequals the ratio of the tube
grid- plate capacitance to the grid-cathode capacitance. If C1 is 0.001pfd., then

+5 G.

ff0c
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(B)
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1000 Cup
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=
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The grid-cathode capacitance must include all
strays directly across the tube capacitance, including the capacitance of the tuning-condenser
stator to ground. This may amount to 5 to 20
pfd. In the case of capacitance coupling, as
shown in Fig. 6-20C, the output capacitance of
the driver tube must be added to the gridcathode capacitance of the amplifier in arriving
at the value of C2. If C2 works out to an impractically large or small value, C1can be changed
to compensate by using combinations of fixed
mica condensers in parallel.
Neutralizing Adjustment
The procedure in neutralizing is essentially
the same for all types of tubes and circuits.
The filament of the amplifier tube should be

(c)

+ 5.G.•

Fig. 6-20— Screen-grid neutralizing circuits. A — In.
ductive-link neutralizing. B — Capacitive neutralizing.

CI— Grid
C2

-

by-pass condenser — approx. 0.001- mfd.
mica. Voltage rating same as biasing voltage in
B, same as driver plate voltage in C.
Neutralizing condenser — approx. 2 to 10 pad.
— see text. Voltage rating same as amplifier
plate voltage for c.w., twice this value for plate
modulation.

Li, L2

Neutralizing link — usually aturn or two will
be sufficient.

-
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"ground" point. Care should be taken to make
sure that the coupling is loose enough at all
times to prevent burning out the meter or the
rectifier. The plate tank condenser should be
readjusted for maximum reading after each
change in neutralizing.
A neon bulb touched to the " hot" end of
the tank coil will glow if enough feed-through
voltage is developed across the tank, but it is a
less-sensitive device. Another disadvantage is
that its use introduces capacitance across one
side of the circuit which may unbalance the
circuit, thus giving an inaccurate indication.
A more satisfactory indicator than the neon
bulb is a flashlight bulb ( the lower the power
the more sensitive) connected at the center of a
turn or two of wire coupled to the tank coil at
the low-potential point. Its sensitivity is poor
compared with the milliammeter-rectifier.
The grid-current milliammeter may also be
used as a neutralizing indicator. If the amplifier is not neutralized, there will be a large dip
in grid current as the plate-tank tuning passes
through resonance. This dip in grid current reduces as neutralization is approached until at
exact neutralization all change in grid current
should disappear.
When neutralizing an amplifier of medium or
high power, it may not be possible to bring the
reading of the rectifier indicator down to zero,
but a minimum point in the adjustment of the
neutralizing control should be found where higher
readings are obtained on either side. The plate
tank circuit should be kept tuned for maximum
reading at all times.
Grid Loading
The use of a neutralizing circuit may often be
avoided by loading the grid circuit if the driving
stage has some power capability to spare. Loading by tapping the grid down on the grid tank
coil (or the plate tank coil of the driver in the
case of capacitive coupling), or by aresistor from
grid to cathode is effective in stabilizing an

+ES

(B)
Fig. 6-21 — A — Usual v.h.f. parasitic circuit in an
amplifier. B — Parasitic suppressor chokes in grid and
plate (see text).

amplifier, but either device will increase v.h.f.
harmonics. The best loading system is the use of
a pi-section filter, as shown in Fig. 6-18B. This
circuit places acapacitance directly between grid
and cathode. This not only provides the desirable
loading, but also avery effective capacitive short
for v.h.f. harmonics. A 100-mpfd. mica condenser
for eg,wired directly between tube terminals
will provide sufficient loading for most screengrid tubes.
V.H.F. Parasitic Oscillation
Unless steps are taken to prevent it, parasitic
oscillation in the v.h.f. range ( usually 100 to
200 Mc.) will take place in an amplifier using
tubes of the dimensions of the 2E26 or larger.
Smaller tubes may not require suppression but
sometimes do. The heavy lines of Fig. 6-21A
show the usual parasitic circuit and these leads
should be kept as short as possible. In the case
of a link-coupled amplifier, the path will be
through the amplifier grid tank condenser. While
there are other steps that may be taken, such
as a small resistor at the screen, the preferred
method of suppression is indicated in Fig. 6-21B,
because it does not affect the stability of the
amplifier at the operating frequency and results
in less harmonic reinforcement when correctly
adjusted.
The choke in the grid circuit may not always
be required and should be omitted if possible.
In general, the coil in the plate circuit should be
the smallest that will suppress the parasitic.
However, care should be taken that it does not
resonate the parasitic plate circuit in the TV
region. In such a case, the coil should be made
larger, since once past the critical minimum in
size, it will continue to be effective as a suppressor. If a plate coil large enough to resonate
the plate parasitic circuit near 50 Mc. does not
suppress the parasitic, the choke in the grid
circuit will be necessary. The same precautions
should be observed in regard to resonance in
the TV range.
To test for v.h.f. parasitic oscillation, the
28-Mc, tank coil should be plugged into the grid
tank circuit (or the plate tank circuit of the
driver stage if capacitive coupling is used) and
the 3.5-Me. coil in the plate tank circuit. This is
to prevent any possible t.g.t.p. oscillation at the
operating frequency which might lead to confusion in identifying the parasitic. Any fixed
bias should be replaced with agrid leak of 10,000
to 20,000 ohms. In a capacitive-coupled stage,
the driver should be coupled in the normal way,
but all load on the output of the amplifier should
be disconnected. If the stage is an intermediate
amplifier, the tube in the following stage should
remain in place, but with its filament turned off.
Plate and screen voltage should be reduced to the
point where the rated dissipation is not exceeded. If a Variac is not available, voltage
may be reduced by a 115-volt electric lamp of
suitable wattage rating in series with the primary
of the plate transformer. A 150-watt size is
about right for a medium-power transmitter.
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With power applied only
to the amplifier under test
(not the driver), a careful
search should be made by
adjusting the input tank
condenser to several settings, especially including
minimum and maximum,
and turning the plate tank
condenser through its range
for each of the grid-condenser settings. Any gridcurrent reading, or any dip
or slight flicker in plate current at any point, indicates
oscillation. This can be
confirmed by using an indicating absorption wavemeter (see measurements
chapter) tuned to the frequency of the parasitic and
held close to the plate lead
of the tube. After the parasitic has been suppressed
as described above, resonances should be checked
with agrid-dip meter.

DRIVER

AMP

Low-Frequency Parasitic Oscillation

The screening of most
transmitting screen-grid
tubes is sufficient to prevent low-frequency parasitic 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 Ice.)
occur, see section under
triode amplifiers.

•

PARALLEL-TUBE
AMPLIFIERS

The circuits for paralleltube amplifiers are the
same as for a single tube,
similar terminals of the
tubes being connected together. The grid impedance of two tubes in parallel is half that of asingle
tube. This means that
twice the grid tank capacitance shown in Fig. 6-17
should be used for the same
Q. Similarly, the plate load
resistance is halved so that
the plate tank condenser
capacitance for a single
tube ( Fig. 6-9) also should
be doubled. The total grid
current will be doubled, so
to maintain the same grid
bias, the grid-leak resist-

Fig. 6-22 — Push-pull screen-grid amplifier circuits.
A — Inductive-link coupling. B — Capacitive coupling.
C; — Split-stator grid tank condenser — see text and Fig. 6-17 for capacitance,
Fig. 6-30 for voltage rating.
Ca — Split-stator plate tank condenser — see text and Fig. 6-9 for capacitance,
Fig. 6-29 for voltage rating.
C3 — Grid by-pass condenser — 0.001-pfd. disk ceramic.
C4,CS — Filament by-pass — 0.001-pfd. disk ceramic.
Co, C7 — Screen by-pass — 0.001-gfd. disk ceramic or mica. Voltage rating depends on maximum voltage to which screen may soar, depending on how
it is supplied. Voltage rating equal to plate voltage will be safe in any case.
Cs — Plate by-pass — 0.001-mfd. disk ceramic or mica. Voltage rating same as
plate voltage for c.w.; twice this value for plate modulation, plus safety
factor.
CS — Driver plate tank condenser — see section on simple capacitive coupling
with single tube. For same Q, each section should have half the capacitance shown in Fig. 6-9. Voltage rating of each section should be twice
d.c. plate voltage of driver.
Co) , CI;— Coupling condenser — 50- to 150-mufd. mica. Voltage rating twice
driver plate voltage.
Cu — 0.00I-mfd. disk ceramic or mica. Voltage rating same as plate voltage plus
safety factor.
CI3 — See text.
Li, 1.2 — To resonate at operating frequency. See LC chart in miscellaneous-data
chapter and inductance formula in electrical-laws chapter, or use ARRL
Lightning Calculator.
L3, L4 — Coupling links — reactance equal to feed- line impedance. See reactance
chart in miscellaneous-data chapter and inductance formula in electrical.
laws chapter.
L4, LS— Neutralizing links — usually aturn or two will be sufficient,
RFC; — 2.5-mh. r.f. choke, to carry grid current.
RFC2 — 2.5-mh. r.f, choke to carry plate current,
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ance should be half that used for a single tube.
The required driving power is doubled. The capacitance of a neutralizing condenser, if used,
should be doubled and the value of the screen
dropping resistor should be cut in half. In treating
parasitic oscillation, it may be necessary to use
individual chokes in each plate and grid lead,
rather than one in the common leads. Input and
output capacitances are doubled, which may be
a factor in efficient operation at higher frequencies.

•PUSH-PULL AMPLIFIERS
Circuits for push-pull amplifiers are shown in
Fig. 6-22. With this arrangement both gridinput impedance and optimum plate load resistance are doubled. For the same Q, each
section of the split-stator tank condensers should
have half the capacitance for a single tube
drawing the same total plate current and having
the same grid impedance shown by Figs. 6-9 and
6-17. This means that the total tank-circuit
capacitance is one- quarter that for a single tube
and that the inductances of the tank coils must
be quadrupled to resonate at the same frequency.
Other values remain the same, except that the
total grid, screen and plate currents will be
twice the values for a single tube and the stage
will require twice the driving power.
In Fig. 6-22A, inductive link coupling is shown.
The neutralizing circuit is shown in heavy lines
and may not be necessary. Fig. 6-22B shows
capacitive coupling to the grids. The driver in
this case must be provided with a balanced
output circuit. To maintain balanced excitation,
it may be necessary to place Ci3 ,show ri in dashed

is afactor. Fig. 6-23 shows equivalent " cathode"
connections to be substituted when filament-type
tubes are used. Also, individual v.h.f. parasitic
chokes will be necessary.
Balance in Push- Pull Amplifiers
Proper push-pull operation requires an accurate balance between the two sides of the
circuit. Otherwise the dissipation will not be
distributed evenly between the two tubes,
one being overloaded if an attempt is made to
operate the amplifier at full rating. Unbalance
is indicated when the grid and/or plate currents are not equal and, if serious, is accompanied by a visible difference in the color of the
tube plates. If interchanging the tubes does
not change the unbalance, the circuit is not
symmetrical electrically.
If the coil center- tap in split-stator tank circuits is sufficiently well-isolated from ground,
the balance will depend upon the accuracy of
capacitance balance in the tank condensers,
the length of leads connecting the tubes to the
condenser ( including the return lead from rotor
to filament)•and the settings of the neutralizing condensers. Unbalance in the plate circuit
will seldom influence the balance in the grid
circuit, but the opposite may not be true. Lengthening one or the other of the leads between the
tubes and the tank condenser will alter the balance, particularly in the plate circuit. In extremes it may be necessary to place a trimmer
across one section of the split-stator condenser.
Small differences often may be taken care of by
a readjustment of the neutralizing condensers,
possibly to slightly unequal settings. Otherwise,
the neutralizing condensers are adjusted together, keeping the capacitances as equal as
possible at each step.

•FREQUENCY MULTIPLIERS
Single- Tube Multiplier
Fig. 6-23 — Connect for
tubes in push-pull when filament-types are used. The
condensers CI should he
0.001- 5M. disk eeraiWe, one
placed close to each filament terminal. Ti is the
filament transformer.

115 v. A.
G.

lines, across the lower portion of the circuit to
balance the driver-tube output capacitance across
the upper half. The remainder of circuit B is the
same as A. If a neutralizing link is needed, it
should be coupled at the center of the driver
plate tank coil.
It is advisable to use separate screen and
heater by-pass condensers, especially when TVI

Output at a multiple of the frequency at
which it is being driven may be obtained from
an amplifier stage if the output circuit is tuned
to aharmonic of the exciting frequency instead
of to the fundamental. Thus, when the frequency at the grid is 3.5 Mc., output at 7 Mc.,
10.5 Mc., 14 Mc., etc., may be obtained by
tuning the plate tank circuit to one of these
frequencies. The circuit otherwise remains the
same as that for astraight amplifier, although
some of the values and operating conditions
may require change for maximum multiplier
efficiency.
Efficiency in asingle- or parallel- tube multiplier comparable with the efficiency obtainable
when operating the same tube as a straight
amplifier involves decreasing the operating
angle in proportion to the increase in the order
of frequency multiplication. Obtaining output
comparable with that possible from the same
tube as a straight amplifier involves greatly
increasing the plate voltage. A practical limit
as to efficiency and output within normal tube
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ratings is reached when the multiplier is operated at maximum permissible plate voltage
and maximum permissible grid current. The
plate current should be reduced as necessary
to limit the dissipation to the rated value by
increasing the bias. High efficiency in multipliers is not often required in practice, since
the purpose is usually served if the frequency
multiplication is obtained without an appreciable gain in power in the stage.
Multiplications of four or five sometimes are
used to reach the bands above 28 Mc. from a
lower-frequency crystal, but in the majority of
lower-frequency transmitters, multiplication
in asingle stage is limited to afactor of two or
three, because of the rapid decline in practicably obtainable efficiency as the multiplication factor is increased. Screen- grid tubes make
the best frequency multipliers because their
high power-sensitivity makes them easier to
drive properly than triodes.
Since the input and output circuits are not
tuned close to the same frequency, neutralization usually will not be required. Instances
may be encountered with tubes of high transconductance, however, when a doubler will
oscillate in t.g.t.p. fashion, requiring the introduction of neutralization. The link neutralizing
system of Fig. 6-20A is convenient in such a
contingency.
Push- Pull Multiplier
A single- or parallel- tube multiplier will deliver output at either even or odd multiples of
the exciting frequency. A push-pull multiplier
does not work satisfactorily at even multiples because even harmonics are largely canceled in the output. 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.
Push- Pull Multipliers
A two-tube circuit which works well at even
harmonics, but not at the fundamental or odd
harmonics, is shown in Fig. 6-24. It is known as
the push-push circuit. The grids are connected
in push-pull while the plates are connected in
parallel. The efficiency of a doubler using this
circuit may approach that of astraight amplifier under similar operating conditions, because
there is a plate-current pulse for each cycle of
the output frequency.
This arrangement has an advantage in some
applications. If the heater of one of the tubes is
turned off, making the tube inoperative, its
grid-plate capacitance, being the same as that
of the remaining tube, serves to neutralize the
circuit. Thus provision is made for either
straight amplification at the fundamental with
a single tube, or doubling frequency with two
tubes as desired.
The grid tank circuit is tuned to the frequency
of the driving stage and should have the same
constants as the grid tank circuit of a push-pull

-Bias

+ H.V.

Fig. 6-24 — Circuit of apush-push frequency multiplier
for even harmonics.
CI
LIand C2I.2 — See text.
C3 — Plate by-pass — 0.001-mfd. disk ceramic or mica.
Voltage rating equal to plate voltage plus
safety factor.
RFC — 2.5-mh. r.f. choke.

amplifier (see Fig. 6-22). The plate tank circuit
is tuned to an even multiple of the exciting frequency, usually the second harmonic, and should
have the same values as a straight amplifier for
the harmonic frequency ( see Fig. 6-9), bearing in
mind that the total plate current of both tubes
determines the C to be used.
•

TRIODE AMPLIFIERS

Circuits for triode amplifiers are shown in
Fig. 6-25. Neglecting references to the screen,
all of the foregoing information applies equally
well to triodes. All triode straight amplifiers must,
be neutralized, as Fig. 6-25 indicates. From the
tube tables, it will be seen that triodes require
considerably more driving power than screengrid tubes. However, they also have less power
sensitivity, so that greater feed-back can be tolerated without the danger of instability.
Low-Frequency Parasitic Oscillation
When r.f. chokes are used in both grid and
plate circuits of a triode amplifier, the splitstator tank condensers combine with the r.f.
chokes to form alow- frequency parasitic circuit,
unless the amplifier circuit is arranged to prevent
it. In the circuit of Fig. 6-25B, the amplifier grid
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 coil. In Figs. 6-25C and D, aresistor is substituted for the grid r.f. choke. This resistance
should be at least 100 ohms. If any grid-leak resistance is used for biasing, it should be substituted for the 100-ohm resistor.
•

TUNING A TRANSMITTER

Fig. 6-26 shows where milliammeters and voltmeters may be connected to obtain desired readings. Metering of all stages is usually not necessary except for initial adjustments. After preceding stages have been adjusted for proper
operating conditions, a transmitter can often be
tuned up using only grid- and plate-current
milliammeters in the final-amplifier circuit.
While cathode metering often is used for rea-
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sons of safety to the operator and meter insulation, it is frequently difficult to interpret readings that are the resultant of three currents, one
of which may be falling while the other two are
increasing. Fig. 6-27 shows a commonly-used
system for switching a single meter to read current in any of several different circuits. The resistors, R,are connected in the various circuits
in place of the milliammeters shown in Fig. 6-26.
Since the resistance of R is several times the internal resistance of the milliammeter, it will have
no practical effect upon the reading of the meter
itself.
When the meter must read currents of widely
differing values, ameter with arange sufficiently
low to accommodate the lowest values of current
to be measured may be selected. In the circuits
in which the current will be above the scale of
the meter, the resistance of R can be adjusted
to a lower value which will give the meter reading amultiplying factor. ( See chapter on measuring equipment.) Care should be taken to observe
proper polarity in making the connections between the resistors and the switch.
The first step in adjusting each stage is to
check for parasitic oscillation as discussed earlier.
The second step is to adjust neutralizing if neutralization is required.
While it is usually possible to make all initial

CHAPTER 6
tuning adjustments of low-power stages with
plate voltage applied, it is preferable to disconnect the plate voltage until adjustments of excitation have been made. Starting with the oscillator, its output tank circuit should be resonated
as indicated by adip in the plate-current reading
(see Fig. 6-3), or by a maximum reading of grid
current to the following stage if it is coupled capacitively. Both readings should occur simultaneously. At this point, the frequency of the
oscillator output should be checked with an
absorption wavemeter to make sure that it is
tuned to the desired hand. If transmission-line
coupling is used, the coupling to the grid of the
amplifier should first be adjusted for minimum
standing-wave ratio as described earlier. After
this adjustment, the coupling at the oscillator
end of the line only should be altered. If the
amplifier grid current is much above rated value,
the coupling to the oscillator should be reduced.
Conversely, if the amplifier grid current is low,
coupling should be increased. As the coupling is
increased, the oscillator should draw more plate
current and the dip at resonance should become
less pronounced, as indicated in Fig. 6-3. If it is
possible to increase the coupling to the point
where the oscillator plate current is up to the
rated value and yet the required grid current is
not up to : 11 cd value, the biasing voltage should
DRIVER

AMP.

RFC

1-11
—H.V +
-H.V. +
DRIVER

—H.V. +
Fig. 6-25 — Triode amplifier circuits. A — Link coupling, single tube. B — Capacitive coupling, single tube.
C — Link coupling, push-pull. I) — 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. '1'he neutralizing condenser, Ci, 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 RIshould 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. 6-26 — Diagrams showing ; lacement of voltmeter and milliammeter to obtain desired mea - urements. A — Series grid feed,
parallel plate feed and series creen voltage-dropping resistor.
B — Parallel grid feed, series plate feed and screen voltage divider.

siderations. If the excitation is adjusted
first without plate and screen voltages
it may be found that the grid current
will change when these voltages are applied and the stage is loaded. It is normal for grid current to drop somewhat
when these voltages are applied and
still farther when the load is coupled,
especially with triodes. When this occurs, excitation should be increased, to
bring the grid current back to rated value.
If it is found that grid current increases when the plate tank circuit is
tuned slightly to the high-frequency
side of resonance, this indicates regeneration. This may be of little consequence
in exciter stages so long as oscillation
does not result under any normal tuning
condition. But in the final amplifier,
especially if it is to be modulated, it is a
condition to be avoided by better shielding or more accurate neutralization.
The main objective in the end, of
course, is to obtain adequate excitation
to the final amplifier and, in general,
any adjustment of earlier stages that
will produce this result without overloading anywhere along the line will be
satisfactory. In conservative design, the
full power capability of the exciter
stages may not be needed. In the interests of v.h.f. harmonic reduction, it is
desirable to provide an excitation control so that the excitation to the final
amplifier can be limited to that necessary for satisfactory operation. This
can be in the form of a potentiometer
control of the screen voltage of the first

CKT. 1

be measured with ahigh-resistance (20,000 ohms
per volt) voltmeter. If the stage has a simple
biasing resistor from grid to ground, connect a
2.5-mh. r. f. choke in series with the voltmeter
prod going to the grid. The bias should be measured with the stage operating under excitation.
If the biasing voltage measures too high, any
fixed bias should be reduced and then, if necessary the grid-leak resistance. If the driver is
operating up to rated plate current and rated
grid current cannot be obtained with the required bias, the indication is that the screen
and/or plate voltage of the oscillator must be
raised if this can be done with safety to the oscillator tube. However, it should be borne in mind
that even if an intermediate stage is underdriven, it still may furnish the required driving
power for the following stage. Therefore, it is,
of course, advisable to check this before making
any drastic changes in the oscillator.
The same process is followed in tuning up following amplifier stages, step by step. If there is
any difficulty in obtaining the desired excitation
to any particular stage, be sure that the screen
voltage of the driver stage is up to normal as discussed earlier in the section on screen-grid con-

CKT. 2

CKT. 3

CKT. 4

CKT. 5

1.
e\OS
IB

Fig. 6.27 — Method of switching asingle milliammeter.
The resistors, R, should be 10 to 20 times the internal
resistance of the meter; 47 ohms will usually be satisfactory. Si 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 knob.
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stage after the oscillator.
Then reduction in screen
voltage of this stage will
reduce excitation all along
the line, which is desirable.

•MEASURING

POWER OUTPUT
The power output of
any transmitter stage can
be checked with reasonable accuracy by simply
coupling an ordinary lamp
to the output tank circuit
and comparing its brilliance with that of another
+H V
lamp of the same size
operating from a.c. Since
(D)
it is difficult to judge
power accurately when
the lamp is over or under
normal brilliance, the
lamp selected should have
a wattage rating as close
as possible to that expected from the amplifier.
Flashlight bulbs can be
used for low power. At
frequencies above 7 Mc.
+5V.
sufficient coupling usually
is obtained by connecting
the lamp in series with a
few turns of wire that can be slipped over or
inside the tank coil, as shown in Fig. 6-28A. But
at 3.5 and 7 Mc., it is usually necessary to tap
the bulb directly across aportion of the tank coil,
as shown at B. WARNING! Don't forget the high
voltage when tapping a .series-fed tank circuit. The
coupling should be adjusted until the plate current at resonance is the rated loaded value for
the tube. A more accurate dummy load is described in QST for March, 1951, page 32.

(G)

•COMPONENT RATINGS

AND

INSTALLATION

Plate Tank- Condenser Voltage
In selecting a tank condenser with aspacing
between plates sufficient to prevent voltage

Lamp

+H.V.

(A)

(B)

Fig. 6-28 — Using a lamp bulb for an approximate

check on the output of an oscillator or amplifier. The
coupling should be adjusted to make the stage draw
rated plate current when tuned to resonance. Special
caution should be used in tapping the lamp directly on
the coil when series plate feed is used. Always turn off
the power before making achange in the tap.

(B)

(C)

4.5V.

+H.V

(F)
Fig

6-29 — Diagrams showing
the peak voltage for which the
plate tank condenser should be
rated for c.w. operation with various circuit arrangements. E is
equal to the d.c. plate voltage.
The values should be doubled for
plate modulation. The circuit is
assumed to be fully loaded. Circuits A, C and E require that the
tank condenser be insulated fr
chassis or ground, and from the
control.
breakdown, the peak r.f. voltage across atank
circuit under load, but without modulation,
may be taken conservatively as equal to the
d.c. plate voltage. If the d.c. plate voltage also
appears across the tank condenser, this must
be added to the peak r.f. voltage, making the
total peak voltage twice the d.c. plate voltage.
If the amplifier is to be plate- modulated, this
last value must be doubled to make it four
times the d.c. plate voltage, because both d.c.
and r.f. voltages double with 100- per-cent
plate modulation. At the higher plate voltages,
it is desirable to choose atank circuit in which
the d.c. and modulation voltages do not appear across the tank condenser, to permit the
use of a smaller condenser with less plate
spacing. Fig. 6-29 shows the peak voltage, in
terms of d.c. plate voltage, to be expected
across the tank condenser in various circuit
arrangements. These peak-voltage values are
given assuming that the amplifier is loaded to
rated plate current. Without load, the peak r.f.
voltage will run much higher. Since a c.w.
transmitter may be operated without load
while adjustments are being made, although a
modulated amplifier never should be operated
without load, it is sometimes considered logical
to select a condenser for a c.w. transmitter
with a peak- voltage rating equal to that required for a ' phone transmitter of the same
power. However, if minimum cost and space
are considerations, a condenser with half the
spacing required for ' phone operation can be
used in a c.w. transmitter for the same carrier
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output, as indicated under Fig. 6-29, if power
is reduced temporarily while tuning up without load.
In the circuits of Fig. 6-29C, D and E, the
rotors are deliberately connected to the positive side of the high-voltage supply, eliminating any difference in d.c. potential between
the rotors and stators.
The plate spacing to be used for a given
peak voltage will depend upon the design of
the variable condenser, influencing factors
being the mechanical construction of the unit,
the dielectric used and its placement in respect to intense fields, and the condenser-plate
shape and degree of polish. Condenser manufacturers usually rate their products in terms
of the peak voltage between plates.
Plate tank condensers should be mounted as
close to the tube as temperature considerations
will permit to make possible the shortest capacitive path from plate to cathode. Especially at
the higher frequencies where minimum circuit
capacitance becomes important, the condenser
should be mounted with its stator plates well
spaced from the chassis or other shielding. In
circuits where the rotor must be insulated from
ground, the condenser 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 between the condenser shaft and the dial. The section of the shaft attached to the dial should be well
grounded. This can be done conveniently through
the use of panel shaft-bearing units.
Grid Tank Condensers
In the circuit of Fig. 6-30, the grid tank condenser should have a voltage rating approximately equal to the biasing voltage plus 20 per
cent of the plate voltage. In the balanced circuit
of B, the voltage rating of each section of the
condenser should be this same value.
The grid tank condenser 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 ashort lead
can be passed through ahole to the socket terminal. The rotor ground lead or by-pass lead should
be run directly to the nearest point on the chassis
or other shielding. In the circuit of Fig. 6-30A,
the same insulating precautions mentioned in
connection with the plate tank condenser should
he used.

high plate-voltage/plate-current ratio may be
lower than that attainable in practice with the
components available. The design of manufactured coils usually takes this into consideration
also and it may be found that values of capacitance greater than those shown (if stray capacitance is included) are required to tune these
coils to the band.
Manufactured coils are rated according to the
plate power input to the tube or tubes when the
stage is loaded. Since the circulating tank current
is much greater when the amplifier is unloaded,
care should be taken to operate the amplifier
conservatively when unloaded to prevent damage
to the coil as aresult of excessive heating.
Tank coils should be mounted at least their
diameter away from shielding to prevent a
marked loas in Q. Except perhaps at 28 Mc., it is
not important that the coil be mounted quite
close to the tank condenser. Leads up to 6 or 8
inches are permissible. It is more important to
keep the tank condenser as well as other components 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 condenser shaft,
either alongside the condenser or above it.
Plate- Blocking and By- Pass Condensers
Plate-blocking condensers should have low
inductance; therefore condensers of the mica
type are preferred. For frequencies between 3.5
and 30 Mc., a capacitance of 0.001 ilfd. is commonly used. The voltage rating should be 25
to 50 per cent above the plate-supply voltage.
Wherever their voltage rating will permit (500
volts), 0.001-pfd. disk ceramic condensers should
be used as by-passes, since, when applied correctly (see TVI chapter), they are series resonant
in the TV range and therefore are an important
measure in filtering power-supply leads. For
higher voltages, use 0.001-pfd. mica by-passes.
R.F. Chokes
The r.f. choke in parallel plate feed must have
high impedance at the operating frequency to
avoid loss. In multiband transmitters, if it is
found that the choke heats excessively on one
or more bands, the only solution is to use a different choke for these bands.

Plate Tank Coils
The inductance of a manufactured coil usually is based upon the highest plate-voltage/
plate-current ratio likely to be used at the
maximum power level for which the coil is designed. Therefore in the majority of cases, the
capacitance shown by Figs. 6-9 and 6-17 will be
greater than that for which the coil is designed
and turns must be removed if a Q of 12 or more
is needed. At 28 Mc., and sometimes 14 Mc., the
value of capacitance shown by the chart for a

-Bias

(A)

-Bias

( B)

Fig. 6-30— The voltage rating of the grid tank condenser in A should be equal to the biasing voltage plus
about 20 per cent of the plate voltage. This same rating
should be applied to each section of the split-stator
condenser in B.

154

CHAPTER 6
A One-Tube Transmitter for the Beginner

Figs. 6-31 through 6-40 show the details of a
simple and inexpensive low-power 80-meter transmitter with power supply. It is designed particularly for the Novice or beginner. The entire
construction of both units can be carried out with
aminimum of skill and tools, since no holes need
be drilled. It has an input rating of about 10
watts and can be operated using almost any
random length of wire as an antenna.
Under the diagram of the transmitter in Fig.
6-35 are the values of parts used in the circuit. In
addition, an octal tube socket (Amphenol Type
77MIP8), a Type 6AG7 tube, a crystal socket
(Millen Type 33102), a pair of small control
knobs, six 1Y2 inch metal angles or brackets
(shown in Fig. 6-32 and obtainable in most hardware or dime stores), a length of small-diameter
cambric tubing known at radio stores as " spaghetti" and afew soldering lugs, machine screws
and nuts will be needed. A small piece of wood is
used for the base. Also required is a fiber lug
strip measuring 1M inches between mounting
holes. Some types have three terminals. If there
are four, one can be ignored.
The assembly is started by making a pair of
brackets for mounting the crystal, as shown in the
foreground of Fig. 6-32. They are made of pieces
of No. 14 antenna wire 2% inches total length,
with aloop bent at each end to pass the mounting
screws. When complete, the centers of the loops
should le' about 1% inches apart. The tube socket
is mounted at the end holes of one pair of the
angle pieces with ,
3, ;inch No. 6-32 machine screws.
The socket is turned so that its No. 1prong is
to the left. Slipped onto each mounting screw
in order are the angle piece, the tube socket, a
soldering lug pointing downward, the wire bracket
for the crystal socket, a soldering lug pointing
upward and finally the nut. The top ends of the
wire brackets are bent over at right angles and
twisted around as necessary to match the mounting holes in the crystal socket. The crystal socket

is fastened to the loops with 34-inch No. 4 machine screws and nuts.
The terminal lug strip is mountea temporarily
with screws through the holes in the angle pieces
below the socket. A soldering lug is placed under

Fig. 6-32 — First steps in assembly, shoming the manner in which the angle pieces are fastened to the baseboard. Much of the wiring can be done before fastening
to the baseboard as described in the teât. The pair of
looped wires in the foreground show how the crystal.
socket supports are made.

the head of the screw to the right as viewed from
the rear of the socket.
Before proceeding with the assembly, it will
be easier to do as much of the wiring as possible.
Comparing Figs. 6-35 and 6-36 as you go along
will help you to understand schematic diagrams.
All connections shown by a " ground" symbol
indicate connections to the metal framework. It
should be possible to make most of the connections to the tube and crystal sockets as well as

Fig. 6-31 — The completed Novice
transmitter with tube and crystal in
place. The strips of wood at front and
back are safety barriers. C. is to the
left, Co to the right.
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Fig. 6-34 — Rear view showing the
mounting of the terminal strip. From
left to right, the terminals are for key,
heater and positive high voltage. The
lug to the extreme left is for connections to the other side of heater, the
other side of the key and negati%e
high voltage.

to the terminal strip at this stage. Where necessary, alead with more than sufficient length can
be attached and left hanging free until later assembly makes it possible to attach the other end.
Wiring is most easily done with bare No. 22 wire,
although insulated wire can be used if the ends
are scraped for connections. Whenever there is
danger of wires touching each other or other metal
parts, apiece of spaghetti should be slipped over
the wire before the second end is soldered.
The dial lamp is mounted in the following
manner. A piece of bare wire is wound around the
shell of the bulb in two or three of the threaded
grooves. The wire should be heavy enough to

Fig. 6-33 — The nos ice tranmitter ju.t before mount
ing the variable condensers and coil. All wiring is corn

plete except for connecting one side of

C7.

support. the bulb. One end of the wire is cut off
close to the shell, while alead of about an inch is
left at the other end so that it can be soldered to
the outrr terminal of RFC2 when the latter is
mounted. One lead wire of R4 is cut to alength of
about an inch and covered with spaghetti. This
end is soldered to the solder tip at the center of
the base of the bulb, taking care not to spread
the solder around so that the tip is shorted to the
shell.
The two angle pieces shown toward the front in
Fig. 6-32 are added and the assembly is fastened
in the center of the baseboard with short wood
screws in such aposition that the tips of the lugs
on the terminal strips are even with the rear edge
of the base. One of the two remaining angle pieces
is attached to each of the vat iable condensers, Cg
and Cg, with a short 6-32 screw at the threaded
front mounting hole in the base of the condenser,
so that the shaft of the condenser will be pointing
toward the front when the angle piece is fastened
to the base. Be sure that the screws are not so
long that they go through and short against the
stator plates of the condensers. Attach a soldering lug to each angle piece at the hole below the
condenser. The rear mounting holes in the bases
of the condensers are matched up with the holes
in the angle pieces already mounted on the base.
Then the last two angle pieces are fastened to the
baseboard. The condenser to the left is Cg and
the one to the right Cg. The free end of Ci is
connected to Cg at the nearest rear stator assembly nut, placing asoldering lug under the nut
if necessary.
Now the screw holding one end of the terminal
strip should be removed and one of the r.f. chokes
attached at the same hole. Proceed with the wiring and then mount the other choke. The end of
C4 marked " Positive" should go to the outer end
of RFC1.
The coil is mounted between the two top front
variable-condenser stator supports. First remove
the specified number of turns from each end of
the coil, being careful not to break the plastic
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the condenser to the right, is the antenna terminal. A piece of flexible hook-up wire about two
feet long should be soldered to each of the lugs
on the terminal strip and two lengths of similar
wire to the grounding lug at the end of the
terminal strip.
A small strip of wood 1% inches high and the
length of the baseboard should be nailed along the
rear edge of the base. This and asimilar strip 3%
inches long at the front between the two variable
condensers serve as barriers to prevent accidental
contact with points where there might be danger
of shock where high voltage is exposed.
Cg,

Ant.

6.3V.

HU+

Power Supply
Fig. 6-35 — Circuit diagram of the Novice one-tuber.
— 47-ppfd. mica.
Cs — 220-apfd. mica.
Cs, Cs, C7, Cis, Cri — 0.001-afd. disk ceramic.
Ca — 10 51d. 50 volt miniature electrolytic.
— 0.01-mtd. disk ceramic.
Cs, — 150-p mfd. variable (
National
iIi
15,000 ohms, Y2 watt.
Rs — 22,000 ohms, 1watt.
113 — 15,000 ohms, 10 watts.
114 — 100 ohms, 3/2 watt.
— 45 ah. — 70 turns No. 24, 1-inch diameter, 24¡
inches long ( B & 14 3016 with 13 turns removed
from each end).
li — 2.5-volt 60-ma, dial lamp, screw base.
RFC', RFC.2 — 2.5 mir. R.I. choke ( National RlOOS or
Millen 34102).
Xtal — Crystal between 3700 and 3750 kc.

—

sT.15o).

supporting strips. Now bend a piece of fairly
heavy wire around the ends of one of the supporting strips. Solder the ends of the coil winding
to these pieces of heavy wire, being careful to
keep the plastic strip in shape if it softens. Place
asoldering lug under each of the top front stator
nuts of the variable condensers. By bending the
lugs and the ends of the terminal wires in the
right way, the ends of the plastic strip will rest
on the ceramic stator insulators when they can
be fixed with Duo) cement. The ends of the three
remaining supporting strips can be cut off close
to the winding. The rear upper stator terminal of

Ground
tugs

Ground
Lugs

To stator
fCe

RFC2

L

Left front frame

RFC'

Right front frame-

Fig. 6-36 — Picture diagram of the wiring of the Novice transmitter.

Figs. 6-37 through 6-40 show the construction
of a simple power supply for the transmitter. In
addition to the parts listed under Fig. 6-38, you
will need another tube socket and four terminal

Transmitter and Power Supply
Measurements
Power Supply
Output voltage at minimum load, key open — 415
Output voltage at full transmitter load — 355

Transmitter
Antenna disconnected, key open — lamp-drain only
— 27 nia.
Antenna disconnected, tuned to resonance, key
closed — total current 40 ma.
— plate and screen currents 13 ma.
— plate current 6 ma.
Antenna connected, loaded to maximum, tuned to
resonance — total current 63 ma.
— plate and screen currents 40 ma.
— plate current 32 ma.
— screen current 8ma.
— screen voltage 180
— plate watts input 11.4

strips similar to those used in the transmitter, a
Type 5Y3GT rectifier tube, apiece of a.c. lamp
cord with plug, four 1-inch hardware-store angle
pieces and a few strips of 1-by-2 wood (actual
dimensions about 3/4 X 1% inches).
Cut two pieces of the wood 12 inches long. Lay
the two pieces side by side with their wide faces
down. Measure the total width of the two pieces
and add 1% inches. This measurement is necessary because the exact width of the wood may
vary slightly. Cut two more pieces to the length
calculated. This will be approximately 4% inches.
Separating the two 12-inch pieces by exactly 1%
inches, nail one of the short crosspieces on edge
under each end. Use 13/2-inch finishing nails.
Then, turning the base upside down, fasten a 1inch angle piece under each end of each long
piece.
Underneath, across the strips, near each end,
fasten the input and output lug terminal strips.
The switch is aregular wall switch, mounted with
wood screws, and commonly seen in hardware
and dime stores. Space the switch, the power
transformer, the rectifier-tube socket and the
filter choke evenly along the top side of the base.
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Fig. 6 37 - imple power supply
for the No, ire Ir.,, - ti,
From left
to right, the filter choke, Li, the rectifier, the power transhwmer and the
switch are spaced along the wood
framework base.

Center the units across the wood strips and fasten
them down with wood screws.
Under the power transformer and between the
two groups of wires coming from the bottom of the
transformer, fasten two more lug terminal strips
across the base. These should be placed about 2
inches apart, or about a half inch more than the
length of the filter condensers. Fasten the two
filter condensers between the two outside pars of
terminals on the strips, as shown in Fig 6-39.
The ends of the condensers marked " Negative"
should go toward the switch end of the unit.
The wiring may be followed by referring to
Figs. 6-38 and 6-39. In connecting the wires from
the transmitter to the power supply, correspondingly numbered terminals should be cabled together. The frame side of the key connects also
to Terminal 4, while Terminal i on the transmitter connects to the other side of the key. After
the wires have been connected, they cati be
bound together in a cable with pieces of Scotch
tape.
Testing
Plug the power plug into awall outlet. Turn the
power switch on. Make it a habit never to touch
any part of the transmitter or power supply, except
the insulated controls, until the power switch has
been turned off. Although both transmitter and
power supply are designed so that the dangerous
parts are not readily accessible, every caution
should always be practiced in handling electrical
equipment of any kind. When the power witch
is turned on, the filament of the rectifier tube
should light up immediately. After a minute or
two, turn the two tuning condensers so that their

rotor plates are fully meshed with the stators
(maximum , upacitanee). With the key pressed,
the indicator lamp should light up to approximately norintd brilliance. Now start turning the
input condcaiser Cs to the left slowly while yon
watch the Limp. When the plate?. are half out
or more, the lamp should dim noticeably. It
should become bright again as you continue to
turn the output condenser in the same direction.
The center of the point where the lamp is dimmest is called resonance.
Antenna
A full-size antenna for 80 meters is awire that
measures about 125 feet from the transmitter ta
the far end_ As much of this length as possible
should be run horizontally as high above the
ground as possible. Where space is restricted,
shorter lengt lis down to 50 or 60 feet should work
well. The transmitter will feed power into awire
as short as 5feet but, naturally, the transmitting
range will be restricted with an antenna as short
as this.
Often there will be atree or garage to the rear
of the house that can be used as a support for
the far end of the antenna. The wire can be run
from such a support to an anchorage as high as
possible on the house and thence through a
window to the transmitter.
No. 14 enameled wire is suggested for the antenna, although almost any wire that will support its own weight may be used. The wire must
be insulated from supports at all points. You can
use glass or porcelain antenna insulators at the
far end awl at the point where it is attached to
the house. Keep the lead-in part of the wire clear
Fig. 6-38 — Circuit diagram of the power
supply for the Novice transmitter.
CI, C2500-volt midget electrolytic.
—0.1 megohm, 2watts.
— 8-h. 40-ma. filter choke (Thordarson
T20052).
St — 115-volt a.c. wall switch.
Tt — Power transformer: 350-0-350 r.m.s..
70 ma.; 5v., 2amp.; 6.3 v., 2.5 amp.
(Thordarson TS-24RD2).
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Fig. 6-40 — Bottom view of the power
supply, showing the mounting of the
filter condensers, terminal strips,
bleeder resistor and the wiring.

of the building or other objects. In bringing the
wire in through the window, it can be passed
in over the top of the upper sash, or under the
lower sash. When the window is closed, the leadin will be held in place. Slip alength of spaghetti
over the wire where it contacts the window frame.
Make the wire on the inside just long enough
to reach to the transmitter output terminal.
This terminal is the top rear stator nut of the
output condenser, Cg. Aside from this connection,
keep the antenna wire away from the transmitter
and power supply. It is advisable to run the wire
vertically away from the transmitter for at least a
foot or two.
If an outside wire is impossible, you can run a
wire through two or three rooms, near the ceiling,
or even around three sides of the molding in the
operating room.
Adjustment
With the antenna r. oinected, set the two condensers at maximum as before. Slowly rotate
the input condenser (C8)to the point where the
lamp is at its dimmest point. With the antenna
connected, the lamp probably will not dim as
much as it does without the antenna. Now reduce the capacitance of the output condenser (C9)
until the lamp begins to brighten. Then readjust
the input condenser to the dimmest point. Go
back and reduce the output condenser abit more
until you can notice the light brighten a little.
Then again readjust the input condenser to the
dimmest point. As you repeat this process, you
will notice that the lamp grows brighter at its
dimmest point. This indicates that the antenna
is taking power. The proper adjustment is one
where the dimming of the lamp is just noticeable

as the input condenser is tuned. Set the input
condenser as exactly as possible at this point.
In general, the longer the antenna wire, the
less critical the condenser adjustment becomes.
This applies particularly to the output condenser.
For any wire longer than 40 or 50 feet, the output
condenser usually will be set near minimum. With
short wires, the setting of the output condenser
especially will be quite critical and very slight
adjustments will make considerable difference in
how bright the lamp gets at resonance.
Second- Harmonic Radiation
Under certain adjustments, second-harmonic
output may be accentuated. It is advisable when
putting the transmitter on the air to test with
another station 25 to 50 miles away, asking the
operator to listen at twice the operating frequency to make sure that second-harmonic output is not excessive. From this consideration, it
is better to avoid antenna lengths between about
35 and 55 feet. Second-harmonic output can be
reduced by connecting a wavetrap tuned to the
second harmonic in series with the antenna.
Such a wave trap may consist of a coil of 2.25
ph. (
12 turns of No. 18 wire, 1inch in diameter,
turns spaced to make the coil length 1inch, for
example), a 150-ismfd. mica condenser, and a
100-µpfd. variable condenser all connected in
parallel. The antenna should be cut a foot or so
from the transmitter and the two ends of the
antenna wire connected to the two terminals of
the variable condenser, one wire going to the
stator plates and the other to the rotor plates.
The variable condenser in the trap should be
adjusted until the second-harmonic signal at a
distant point disappears or drops to minimum.

Green

Condensers

4

Block
Yellow

Fig. 6-39 —

Green and Yellow
(Not used)

Picture diagram of the wiring of the power supply.
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A Single- Control Low- Power Transmitter
Figs. 6-41 through 6-47 show the circuit and
constructional details of a 40- watt two- stage
transmitter that requires the adjustment of
only one tuning control. The crystal oscillator
uses amodified Pierce circuit. The use of bandpass couplers in the output circuit of this stage
makes it unnecessary to retune when changing
frequency and at the same time provides inductive coupling as ameasure toward reducing
v.h.f. harmonics. The coupling between the two
circuits is adjusted to give the desired broadband
response and then fixed in that position. It is
possible to arrive at an adjustment where the
amplifier grid excitation is substantially constant
over any given band and drops off quite sharply
outside the band edges.
The output stage is a conventional 807 amplifier normally working straight through on
the output frequency of the oscillator, except
for 28 Mc., although it will double frequency
to any of the lower- frequency hands. RF (' 3
and R6are parasitic suppressors. The amplifier
grid leak, R5,is connected in series with the
grid tank circuit, since the coupler provides an
opportunity to avoid parallel grid feed. RFC 4
and C12, RFC5 and CI3 are v.h.f. harmonic
filters.
The unit is designed to operate from asingle
power supply delivering 300 to 450 volts. To
avoid the need for fixed bias on the output
stage, both stages are keyed simultaneously in the common cathode lead. Th(
octal socket used as a crystal mounting
also provides a means of feeding a VFO
into the unit. Connections are shown in
Fig. 6-46.
Construction
The transmitter is built in astandard
5 X 9 X 6-inch steel utility box. Most
of the parts are mounted on an aluminum plate cut to fit the inside of the box
and supported from its sides by M-inch
angle brackets as shown in the bottom
view of the unit, Fig. 6-43. The plate is
mounted 3% inches above the bottom of
the box. Two ventilating holes are cut
through the plate near the front of the
box, and additional vents are punched
through the top and bottom covers of

Fig. 6-41 — Front view of the transmitter
with cover removed. The tank circuit for the
807 amplifier occupies the front compartment.
with the 6AG7 oscillator and the plug-in
bandpass coupler at the rear. Ventilation for
the tubes is obtained through holes punched
in the top, bottom, and the interior mounting
plate which supports the various components.

the box. These holes permit air to circulate
through the entire box, yet do not reduce the
effectiveness of the shielding.
The sockets for the 6AG7 and for the plug-in
bandpass coupler are mounted in line, 1%
inches from the rear of the aluminum plate.
The socket for the 807 is mounted in a Millen
bracket assembly ( 80007) trimmed down to
fit below in a horizontal position. It is placed so
that the grid terminal is 3% inches from the rear
of the box, allowing adequate space for mounting
the small parts in the oscillator circuit, yet retaining the desired short r.f. leads.
An octal socket used to hold the crystal and
to connect a VFO, an octal plug for power
input connections, and a coaxial output connector are mounted at the rear, centered 1%
inches above tile hot tom edge. The key jack and
apanel light are mounted on the front, spaced 1%
inches above the bottom edge.
The top view of the transmitter, Fig. 6-41,
shows the arrangement of the plate tank circuit of the 807 stage. A six-prong ceramic
socket for the plug-in plate coils is supported
above the (leek by %-inch ceramic stand-off
insulators ( National GS- 10) 4% inches behind
the front of the box. The tuning condenser is
mounted on ceramic button-type insulators
(National XS-6) immediately in front of the
coil socket. The rotor shaft of this condenser
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Fig. 642 — Circuit diagram of a two-stage four-band transmitter
utilizing bandpass coupling and including TVI-redueing filters.
Q,CL1, C9 — 0.01-ufd. disc ceramic.
3.5 Mc. — 35 turns No. 30 d.s.c., close-wound,
C2 — 0.005-zfd. dise ceramic.
4-inch separation from Li.
3
Ca — 25-sufd. mira.
7 Mc. — 15 turns No. 26 d.s.c., close-wound,
C4, C12, Cla — 0.001-mfd. disc ceramic.
9/16-inch - parution from Li.
14 Mc. — 9 turns No. 20 d.s.c., close-wound,
Ca, Cs — 3-30 gad. air-dielectric trimmers (Phillips).
C7 — 100-uufd. mica.
34-inch sepuration front LI.
Qs — 300-gpfd. transmitting variable (National TMSL3 — Plate coil for 807 stage. (
All are 'National AR-17
300).
series).
Cit — 0.001-mfd. mica, 1200 %. d.c. working.
3.5 Mc. — AR- 17-40E. (28 turns No. 18, 1 9/16
RI— 47,000 ohms, 3/2 watt.
inches long, II4-inch diam.)
R2 — 330 ohms, 1watt.
7 Mc. — Alt- 17-20E. ( 14 turns No. 16, 1%
Ra — 47,000 ohms, 1watt.
inches long, I 4-inch
'
diam.)
124 — 10,000 ohms, 5 watts, wire-wound.
14 Mc. — AR- 17-10E. (8 turns No. 16, 1%
Ra — 22,000 ohms, 1watt.
inches long, 134-inch diam.)
Rs — 47 ohms, -watt carbon.
28 Mc. — Alt- 17-6E. (4 turns No. 12, 2 inches
R2-20,000 ohms, 5 wat I., wire-wound.
long, 34-inch diam.)
Li — Primary, bandpa..
11 — 6.3-volt pilot lamp.
3.5 Mc. — 40 turn. No. 30 d.s.c., close-wound,
Ji — Octal socket, ceramic.
1F2inch Want. form.
J2 — Closed-circuit jack.
7 Mc. — lb turns No. 26, d.s.c., close-wound,
12— Coaxial connector, female.
13,44nch diam. form.
— Octal plug, panel m
ting.
14 Mc. — 9 turns No. 20 d.s.c., close-wound,
RFC,, It FC2-2.5-mh. r.f. choke ( National R- 100-S).
I3/2-inch diam. form.
RFC3 — 1.8- 5h. r.f. choke (Ohmite Z-144).
L2 — Secondary ' handpass coupler. Wound on same
RFC.), Iti'Cz — 7. 5h. r.f. choke (Ohmite Z-50).
form as Li, spaced as indicated.

must be insulated from the front panel because
it carries the full plate-supply voltage. The
shaft is 1% inches above the aluminum plate
when mounted as described, and passes through
the front of the box 2 inches below the top.
The two leads that connect the condenser to
the tube and to the plate by-pass condenser
pass through the mounting plate in polystyrene feed-through bushings such as the National type TPB.
An aluminum partition 3% inches high divides
the top portion of the box into two compartments.
This provides shielding between the bandpass
coupler to the rear and the plate coil of the 807
in front. These two coils are mounted at right
angles to each other as additional insurance
against feed-back.
The coaxial output link runs from the
prongs of the coil socket through a %-inch
hole in the plate to the output connector on
the rear of the box. Both ends of the shield
braid of this link circuit should be grounded to
the chassis.
The components used to filter the d.c. leads

(RFC4,RFC5, Cm and C13) are mounted as close
as possible to the points where the leads pass
through the shield enclosure, using very short leads
from the condensers to ground. Parasitic-suppressing choke RFC3is mounted right at the grid
terminal of the 807 socket, and R6, which also
has apart in eliminating parasitics, is mounted
between the screen-grid terminal and a small
tie-point bolted to the mounting bracket.
Screen by-pass condenser C9 is connected from
this tie-point to the cathode pin on the tube
socket. Plate by-pass condenser CH is placed
behind the 807, between it and the mounting
plate which serves as ground. The lead from
the " high" side of this condenser to the plate
tank circuit passes through a bushing immediately below the plate cap of the 807.
All heater and d.c. wiring is made with
shielded wire, with the braid grounded at each
end. The screen dropping resistors R7, and R4,
which reduce the supply voltage to the proper
level for the oscillator, are mounted on tie-points
near the octal power plug in the lower right-hand
corner in the bottom view of Fig. 6-43.
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ig. 643 — Bottom view of the transmitter.
'I'he 807 socket is mounted in a eut down
commercial bracket, with the sockets for the
6AG7 and the bandpass coupler spaced below
and to either side of it. Arranged along the
rear of the box are the crystal socket, the output jack, and the power plug.

•

The circuit diagram of apower supply for this
transmitter is shown in Fig. 6-47. It is conventional with condenser-input filter. A separate
filament transformer is provided so that the plate
supply may be turned off independently.
Bandpass Couplers
Three couplers are needed to use the transmitter in four amateur bands. One coupler is
designed to provide excitation across the entire
3.5- 4- Mc. band, another for the 7- 7.3- Mc.
band, and the third from 14 to 14.9 Mc. This
latter range is considerably in excess of what
would be required for coverage of the 14- Me.
band alone. The extension at the high- frequency end of the range is necessary if the
transmitter is to operate in the 28- Me. band.
because for output in this range, the 807 stage
must be operated as adoubler from the 14- Mt.
excitation supplied to its grid circuit.
In crystal-eontroffed operation, 3.5- Mt.
fundamental crystals may be used for output
in the 3.5- and 7- Mc, bands, and 7- Mc. cry,•tals for output in the 7-, 14-, and 28- Mc.
bands. In instances where a VFO is used to
replace the crystal, the 6AG7 stage should be
used as a frequency doubler to eliminate the
possibility of oscillation.
The photograph of Fig. 6-44 and the sketch
of Fig. 6-45 show how the bandpass couplers
are constructed and wired. The Phillips trimmers are especially well adapted for this use,
since they are readily mounted by inserting

and soldering their spike terminals,
along with the coil ends, into the pins of
the National Type XII5coil forms. It is
highly important that the windings be
made as close a.s possible to the dimensions given under Fig. 6-42. It is perhaps
advisable to not make the turns too snug
on the form so that the distance between
the coils can be given afinal adjustment
should this be found necessary.
The adjustment of the bandpass couplers can be checked by measuring the
amplifier biasing voltage as the oscillator
is tuned across the band. This can be
done by connecting a high-resistance
voltmeter between the 807 grid and
ground, with a 2.5-mh. r.f. choke in
series with the meter lead that is connected to the grid.
The checking should be done with the
plate- and screen-voltage line to the 807
disconnected. Choose acrystal as close to the center of the band as possible and adjust Cg and Cg
for maximum 807 grid voltage. The two adjustments will not be entirely independent,
because of the coupling, and some juggling
back and forth may be required before the
setting for maximum reading is attained.
Now, without further adjustment of the

handpass couplers. The two
trimmer condensers are mounted inside of the coil
Fig. 6-44 — One of the

form, with connections made as shown in Fig. 6-45.
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BANDPASS COUPLER DETAILS
L,

.2
W
1
Inside Arrangement
Top View)

Amplifier Adjustment

+B

R
4

Socket Comections
(Bottom View)

Winding Placement
Fig. 6-45 — Details of the bandpass couplers. The trimmer condensers are soldered inside of the coil form, as
described in the text, making asimple, compact plug-in
assembly that needs adjustment only once.

coupler, plug in other crystals for the same
band. If it is found that the grid voltage falls
off considerably with crystals whose frequencies
lie near the edges of the band, the windings should
be moved slightly closer together and the check
across the band made again If it is found that
the voltage is high near both ends of the band,
but low in the middle, the coupling should be
loosened. When the voltage is considerably
higher at one end than the other, this can
usually be corrected by trial readjustments of
Cb and Cg in small amounts. For crystal control, it is necessary to carry the adjustment
only to the point where adequate excitation
(at least 45 volts bias with the amplifier running and loaded) is obtained with each of the
available crystals. If aVFO is used, its output
frequency should be one frequency band lower
than the band of the coupler and the adjustments will have to be more exact if uniform
excitation across the band is desired. Some
means should be provided for adjusting the
output of the VFO, since excessive driving of
the 6AG7 may have an effect on the shape of
the excitation curve.
Once the couplers are adjusted properly, the
windings should be cemented in place with coil
dope, and the rotors of the trimmers should be
locked in position with adrop of Duco cement.

CABLE CONNECTIONS FOR VFO

OPERATION

C2
To 6A07
Screen
To 6557
Octal Plug
(Bottom Vleri)

Gr
Octal Socket
(I nsIdeVere)

Fig. 6-46— Method of substituting a VFO for the
crystal. An octal plug, wired as shown, is inserted in the
crystal socket. The jumper between Pins 5and () serves
to ground one side of C2, thereby changing it from a
coupling condenser to a screen by-pass condenser.
Excitation from the VFO is applied to the grid of the
GAG': through Pin 8of the plug, which is connected to
the center conductor of ashort length of coaxial cable.
The condenser shown at Pin 8should be mounted inside
the VFO, serving as a d.c. blocking condenser. Its size
may be anything from 100 ppfd. to 0.001 pfd., with the
smaller value being preferred.

Reconnect the d.c. screen lead to the 807
stage, and plug a milliammeter capable of
reading up to 200 ma. in the key jack where it
will read the total current flowing in both
stages. The 6AG7 plate current normally will
run between 10 and 15 ma., so this should be
subtracted from the meter reading to determine the current flowing in the 807. Plug the
desired coil in the 807 plate circuit, and the
correct crystal-coupler combination in the
oscillator stage. Connect a 25- watt lamp bulb
to the output terminal to serve as a dummy
load while the 807 stage is tested.
Apply plate voltage and resonate the 807 tank
circuit by tuning Cm The off-resonance plate current will be very high, in the neighborhood of 200
ma., dipping to 100 ma. or less at resonance. If it

Fig. 6-47— Diagram of a power supply for the single.
control low-power transmitter.
Ci — 2-pfd. 1000- volt oil-filled.
Cs — 2-pfd. min. 1000-volt oil-filled.
R1 — 15,000 ohms, 25 watts.
— 10 h. min., 130 ma. min.
Pi — Octal female plug.
Si, Ss — 3-amp. toggle switch.
Ti — Power transformer: 400 to 450 volts r.m.s. each
side of center, 130 ma. min.; 5 volts, 3 amp.
(6.3-volts, 1.5 amp. min. if used. See text.)
Ts — Filament transformer: 6.3 volts, 1.5 amp. min.

is not possible to load the 807 stage so that the
total current indication is 100 ma. or slightly
over, disconnect the lamp from the output
terminal and tap it across a few turns of the
tank coil. This should be done with the power
off, of course! By changing the number of
turns across which the lamp is tapped and
re-resonating the plate circuit, it should be
possible to obtain full loading.
Check the keying characteristic by listening to
the signal, or aharmonic of it, in the receiver with
the gain turned down as far as possible and the
antenna disconnected. With the circuit constants
shown and active crystals, good keying should
be obtained with both 3.5- and 7- Mc, crystals.
lf, however, the keying is sluggish, and it
sounds as though the crystal doesn't start
oscillating readily, the size of feed-back condenser C3 should be changed in 25-add. steps
until good keying is obtained.
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A 7-band Miniature- Tube Transmitter-Exciter
Figs. 6-48 through 6-52 show the details of a
compact shielded bandswitching transmitter unit
complete with power supply. The unit may be
used as a transmitter delivering about 20 watts
output on all bands from 80 to 10 meters and
about 15 watts at 6meters, or as an exciter for a
higher-power final amplifier. It is built in aform
convenient for use as a portable or emergency
transmitter and provision is made for plugging in
genemot,or or vibrapack power supply for this
type of service.
All four tubes are of the same type — 5763
miniatures. The crystal oscillator is of the modified-Pierce type with provision for VFO input at
J1 when the crystal switch, Si, is in the position
shown in Fig. 6-49. The oscillator output circuit is
always tuned to the fundamental frequency of the
crystal. The second stage may be operated as a
straight amplifier at the crystal fundamental or
as adoubler, tripler or quadrupler as necessary to
reach the higher frequencies. Doubling in the final
amplifier is necessary only for output at 50 Mc.
Crystals near 8 Mc. are required for this frequency. '1'he accompanying test chart shows the
bands to which the three tank circuits should be
tuned for output in any desired band, depending
upon the crystal frequency.
The final amplifier, using two 5763s in parallel,
is neutralized by C12 described in detail later.
C15 is a tank padder for 80 meters. The single
milliammeter, MA, may be switched to read
grid or plate current of any stage by Sb. When
switched across R11, the meter is shunted to give
it a full-scale reading of 150 ma. instead of the
original 50-ma. scale. The value of R11 will have
to be adjusted if ameter of different resistance is
used.
The transmitter is keyed in the oscillator and
the 45-volt battery supplies sufficient bias to the
multiplier and final stages to cut off plate current
when the key is open.
The power supply is conventional with achokeinput filter. The screen voltage for the oscillator
is held constant by the OD3 regulator tube. Use
is made of the internal jumper between Pins 3
and 7of the OD3 so that all high voltage is re-

Fig. 6-48 — A shielded 30.
watt transmitter using miniature tubes and covering 80
through 6 meters. The enclosure is apair of aluminum
chassis, bottom to bottom and
hinged at the left-hand end.

moved from the transmitter unless the ÓD3 is
in its socket. J4is provided for making external
connections to a plate modulator and independent power supply. The shorts shown at J4 in Fig.
6-49 are made by wiring together appropriate
prongs of afemale plug connected to J4when the
built-in a.c. supply is in use.
Construction
The shielding enclosure consists of two 10 X
17 X 3-inch aluminum chassis joined, bottom to
bottom, with hinges at both ends. At the pivot
end a section of piano hinge is used. The two
shorter hinges at the other end are of the loosepin type and serve merely as ameans of clamping
the two chassis securely together when the enclosure is shut. The front chassis contains the r.f.
section, while the rear one houses the power
supply.
A shelf holding the tubes, crystals and most of
the r.f. chokes runs the length of the chassis housing the r.f. section. It is placed 6% inches from
the bottom and has half-inch lips turned down
along its length for fastening to the panel and to
add rigidity. The excitation controls and the band
switches with their coils are spaced evenly along
the lower part, while the crystal switch and the
three tank condensers are in line above. Shielding
partitions are placed either side of the multiplier
band switch, with lips at top and bottom for
fastening in place. The milliammeter is placed
centrally at the top of the panel, flanked by the
meter switch and pilot lamp, IL The rear of the
meter is enclosed in ashield can. Four ventilating
holes are made along the top edges of both chassis
with asocket punch and also one at each end of
the rear chassis near the bottom. These holes are
covered with screening.
Power connections between the two chassis are
made through a short cable passing through a
hole at the lower right in Fig. 6-50. A length of
twin lead connects the crystal switch with the
VFO coax connector set in the back of the enclosure. A crystal socket at the left-hand edge in
Fig. 6-50 serves to make the connection between
S4D and 84E and the output-link coax connector

AMPLIFIER

BUFFER - MULTIPLIER

OSC .

3.5

5763
52A

5763

S3A

50 MC.

IF

10-11-15
6

80

S40

6

83

S1
A

.

To

40

40 2,15

VFO

4°

L41eL5 L
4 ,]
. 711
3.5 TO
8 Mc

Jb

E

S
AC 20
80

Tg

ao
40

10-11-15

Links

20
iz

R,
0

10-11-15

10.11-15

6

54C

20

e

3.5-7
OR
8 mc.
XTALS

o

RFC 3

6

C'

5 14

5763
5

5763

5763

4

45 VOLTS

-=-

T,

L13

LI
4

+300V.

R,
3

+ 150 V.
003

-07-•------'vvvvvv"--"

C,6

C, 7

II

C20 I

.

003
TUBE SOCKET
PRONGS

+•

Be

eo E

S

A'

01
• • E'

SA•

5513

9 Hal.dVHD

5763

165

HIGH-FREQUENCY TRANSMITTERS
Fig. 6-49 - Wiring
transmitter.

diagram

of the

miniature-tube

CI, Ca, C7, C9, C11, Cu - 0.01-pfd. disc-type ceramic.
C2, C18, C19, C20 - 0.001-gfd. disc- type ceramic.
C3 - 220-ggfd. mica.
CS, CS- 100-ggfd. variable ( Millen 20100).
CS, C10 - 100- gg fd. mica.
C12 - Neutralizing capacitor (see text).
C19 - 100-ggfd.-per-section variable ( Millen 24100).
Cla - 22-ggfd. mica.
Cie, C1T - 8-pfd. 600-volt electrolytic (Cornell-Dubilier
KR 608).
IL, 114, Rr. R9 - 1 megohm, %¡ watt.
1{2 - 100 ohms, 1/2"
watt.
Ra - 22,000 ohms, J'a watt.
Ra - 20,000-ohm 4- watt potentiometer ( Mallory
A20 M P).
Rs - 2700 ohms, 2 watts.
Rs- 2700 ohms, J¡ watt.
Rio - 5600 ohms, 1watt.
Rn - 1ohm, J'a watt (see text).
Ru - 50,000 ohms, 10 watts.
Ria - 25,000 ohms, 10 watts.
1.1 through Lia - See coil table.
L13, L14 - 1.5-hy. 200-ma, filter chokes ( Merit C-2994).
It - 6.3-volt pilot lamp.
Ji, J - Coaxial-cable connector (Cinch-Jones S- 101-D).
J2 - Closed-circuit ' phone jack.
J4 - 6-prong male plug ( Amphenol 86-RCP6).
Ja - 115-volt a.c. connector (Amphenol 61-M1).
MA - 0-50 d.c. milliammeter (Triplett 227-'1').
Si - 2-section ceramic selector switch, points per section optional (Centralab 2511 or 2513).
S2A, S3A - 11-position ceramic selector switch (Centralab 1 Section).
San, San - 11 position phenolic selector switch (Centralab J Section).
SS- Part of Barker 8. Williamson turret No. 3809.
Sa - 2-pole S- position phenolic selector switch (Cen
tralab 1105).
Ti - Receiver-replacement transformer, 400 volts each
side c.t., 200 ma., 5 volts, 3 amp.; 6.3 volts, 5
amp. ( Merit P-2955).

ghetti-covered No. 14 wire, connecting the lower
side of the feed-through to the grids, serves as one
side of the neutralizing condenser, C12. Another
piece of wire, connected to one of the stators of
C14, is bent to run close to and parallel with the
first for adistance of about Y8 inch. The spacing
and length of overlap may be varied in adjustment to neutralization.
Most of the details of power-supply assembly
can be seen in Figs. 6-51 and 6-52.
COIL CHART
Coi
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Turns

LbLs

3.5

17.7

24

48

Ls. L4

7

5.8

24
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14

2.1

20

L6

21

1.02

20

L7

27-28

0.575

20

Lo

3.5

32.5

7

Ls
Lis
Lii
Lis

14
21-27-28
50

Mom., Li
ngth, E& W
/n.
n.
Type No.
I
1%

3012

1
6/2

3012

5
4

3007

3011

9
7

3006

26

60

P(fi

11.8

24

36

134

3.1

24

24

1.32

20

14

0.8

20

10

h
.44

NOTE: L8through Liare parts of B & W turret No. 3609.
Links for L8through L 2 are each 2turns No. 20 wire wound
around center of main coils.

Testing
at the rear. A Millen Type 37412 twin-lead plug
fits the crystal socket.
The output switch and coil assembly is aB & W
Type BTM turret, but the other two are assembled as indicated under Fig. 6-49. All power wiring is done with shielded wire. The amplifier grid
choke, RFC 4,is mounted in front of the finalamplifier tubes and connection between the choke
and the grids of the 5763s is made through aNational Type TPB feed-through. A piece of spa-

Fig. 6-50 - The r.f.
section of the miniature- tube transmitter.
The crystal socket at
the left.fits the plug to
the right in Fig. 6-:; I.

•

The power supply should be tested with the
OD3 removed from the circuit, with a d.c. voltmeter connected between pin No. 7of the regulator-tube socket and ground with 115 volts a.c.
connected to J5. Under these conditions, the supply output should be approximately 500 volts.
The r.f. section is prepared for testing by plugging in the crystals and the keying leads, rotating
the excitation control to the zero-voltage position
and by returning the 01)3 to its socket. With the

Fig. 6-51— The power-supply section
of the miniature-tube transmitter.
The rectifier and regulator tubes and
the filter condensers are mounted on
ashelf at the center. At the left is
the lead connecting the crystal switch
with the VFO input connector. At
the right is the plug connected to the
link-output connector.

key open and the power turned on, the meter
should indicate no current as the meter switch is
rotated through the five position. Current will
flow in the final amplifier it the circuit oscillates
because of incomplete neutralization. Complete
neutralization is accomplished by varying the
spacing between the two wires which form capacitor C12.
The accompanying test chart lists the pertinent
operational data for the transmitter.
When tuning the transmitter, the excitation
control should be left at the zero- voltage setting
until the key has been closed and the oscillator
has been tuned to resonance. With excitation
present, the excitation control should be advanced until the buffer-multiplier plate current
reaches 5or 6ma. and, after this adjustment, the
plate circuit of the buffer- multiplier should be
tuned to resonance.
The final amplifier will start drawing plate current as soon as grid current is indicated by the
meter, and therefore the amplifier plate circuit
should be resonated immediately after the driver
stage has been adjusted. The grid current should
be adjusted to 7ma., by means of the excitation
control, when the amplifier is fully loaded to 100
ma. A plate current of 100 ma. will be represented
by ameter reading of approximately 33 ma. because of the 1-ohm shunt, Rit•

TVI tests of the transmitter in a fringe area
involved use of a television receiver, located
along side of the transmitter and tuned to Channel 6. The output of the transmitter was fed
through coaxial cable to an unshielded antenna
coupler which was in turn loaded by a 25-watt
lamp bulb. With this set-up, the transmitter
caused no TVI when operated at the low ends of
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the 3.5-, 7- and 14- Mc. bands. TVI which occurred with the transmitter tuned to 21 Mc. was
eliminated by connecting asimple low-pas:, filter
in the output line. In order to clean up interference caused when operating at the low end of the
28-Me, band, it was necessary to use the filter and
to separate the transmitter and the receiver by a'
distance of approximately 5feet.

Fig. 6-52 — Rear view of the miniature-tube transmitter. It is necessary to cut out the rear chassis to fit the
shell of the power transformer at the right. A ventilating hole is cut centrally near the bottom, with the
connector for independent supply to the left and for the
a.c. line to the right. The r.f. output connector is to the
left and the VFO input connector is above the transformer. To open the enclosure, the loose pins in the
hinges to the left are removed.
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A 75- Watt Transmitter for 3 Bands
Figs. 6-53 through 6-56 show the diagram and
constructional details of a3-stage 75-watt transmitter for the 3.5-, 7- and 14- Mc. bands. It is
complete with built-in power supply. The shielding enclosure consists of an assembly of standard
aluminum chassis.
Circuit
The circuit is shown in Fig. 6-55. The oscillator
output condenser, C7, has a sufficient range of
capacitance to cover both 3.5 and 7 Me. The
output of the oscillator can be fed either directly

Power Supply
The basic power-supply circuit is conventional.
A choke-input filter is used to hold the voltage
within the rating of the filter condensers. Reduced
voltage for the oscillator and doubler and also
for the amplifier screens is supplied across apair
of voltage-regulator tubes. High voltage is turned
off during receiving periods by breaking the
transformer center tap by the power-control
switch, Si, which also controls the a.c. primary.
With the switch turned to the left in Fig. 6-55,
the heaters are turned on, but high voltage is
off. In the central position, both circuits are open.
With the switch turned to the right, both circuits
are closed for transmitting.
Construction

Fig. 6-53 — Front view of the 75-watt 3-band transmitter, showing the interior of the amplifier enclosure.
to the grid circuit of the final amplifier, or to the
grid of an intermediate frequency doubler for
14-Mc. operation. The two triode sections of the
6N7 doubler are connected in parallel. Ti •
doubler is cut in and out of the circuit by a - tern of crystal sockets and shorting plugs ( Millen
type 37412 with the pins wired together). When
ashorting plug is inserted in Ji, the output of the
oscillator is fed to the grid circuit of the amplifier.
When this plug is shifted to J2, the oscillator is
connected to the doubler grid. Then asecond plug
inserted in J3 connects the output of the doubler
to the input circuit of the amplifier. The 6N7
cathode biasing resistor is chosen to give the same
final-amplifier grid current as obtained on the
lower-frequency bands. When not in use, this
tube draws only 1or 2ma.
Since an inexpensive 450-volt power supply is
used, two 807s are needed to attain the desired
Power input. RFC6, RFC7, Rg and R10 are necessary to prevent v.h.f. parasitic oscillation. The
amplifier is keyed in the cathode circuit. A single
meter, MAI, may be switched to read amplifier
grid current when connected across R7, or cathode
current when switched across Rg. The value of
Rs is adjusted to give ameter-scale multiplication
of 10. (See measurements (' hapter.)

A 13 X 17 X 3-inch aluminum chassis is used
as the base. All parts of the oscillator and doubler
circuits are mounted underneath the base chassis.
The amplifier components are mounted on top
and shielded by an enclosure made up of two
7 X 12 X 3-inch aluminum chassis, one of which
forms a cover hinged to the lower one. Good
contact along the seam between the two chassis
is assured by the use of apair of ordinary window
latches which easily provide considerable pulldown force. Any gap caused by inaccuratelyformed chassis can be taken care of by bending
the chassis lips outward with pliers wherever
necessary to make atight fit.
The power-supply components are along the
rear edge of the base chassis. Underneath, the
two filter condensers are mounted on small lug
strips which also provide terminals for making
connections to the condensers. The crystal socket
and the sockets for the oscillator and doubler
tubes are all on aline 6inches from the rear edge
of the chassis. The tubes are central and their

Fig. 6-54 — Rear view, showing the placement of the
exciter tubes and the shorting-plug sockets.
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Fig. 6-55 — Circuit diagram of the 75-watt 3-band transmitter.
L2 — 1.3 ph. — 12 turns No. 18, 3
%-inch diam.,
inch
long (13 & W 3011 Miniductor).
L3 — 3.5 Mc. — 6.3 ph. — 15 turns 1,4' inches diam.,
1% inches long ( B & W JEL-40 with 7 turns
removed).
— 7 Mc. — 2 ph. — 9 turns I inches diam., I
inches long (B & W JEL-20 with 3 turns removed).
—14 Mc. — 0.8 5h. — 6 turns 1,1,¡ inches diam.,
2 inches long (B & W JEL-10).
14, Li — 2.3-hy. 150-ma. filter choke (Stancor C-2304).
J2, J3 — Ceramic crystal socket ( Millen 33102).
J4 — Open-circuit 'phone jack.

Ci — 15- id. mica.
C2 — 47-ppfil. mica.
Cs, C4, CS, Cs, CO, C IO, C II, C I3, C IS, CI7, C18, C IO, C20,
C22, C24, C25, C28, C29, C30, C31, C32, C33 —
0.001-pfd. disk ceramic.
C7 — 335-ppfd. variable ( National STH-335)
Cs — 100-ppfd. mica.
C12 — 47-ppfd. mica.
C14 — 35- 55 1d. variable ( National ST-35).
Cis — 0.01-pfd, disk ceramic.
C21 — 0.001-pfd. mica or 0.01-pfd, disk ceramic.
Cza, C27 — 8-pfd. 700-volt-wkg. electrolytic (C-D
111111V-708) Ri — 68,000 ohms,
watt.
R2 — 470 ohms, 1watt.
Rs — 47,000 ohms, 1watt.
R4 — 15,000 ohms, Iwatt.
RS, Ro — 4700 ohms, 1watt.
117 — 100 ohms, )/¡ watt.
Rs — Meter multiplying shunt (see text).
11 9, RIO —
47 ohms,
watt, noninductive.
Rit — 2500 ohms, 25 watts.
Li — 7.5 ph. — 32 turns No. 22, a4-inch diam., 1 inch
long (B & W 3008 Nliniductor).

RFC', RFC2, HFC3, RFC4, RFC5 — 2.5-mh. r.f. choke
(National R-50).
RFC°, RFC7 — 1-ph. r.f. choke ( National R-33).
RFCs — 2.5-mh. r.f. choke ( National R 100-S).
Si — Double-pole three-position rotary ( Mallory 3223J).
Sz — D.p.d.t. toggle.
Ti — Power transformer: 600-0-600 volts r.m.s., 200
ma.; 6.3 volts, 3 amp.; 5 volts, 3 amp. (Stancor
P-6170 or PC8414).
VR — VI1-150 voltage-regulator tube.

centers spaced 6 inches apart. The two exciter
tuning condensers, C7 and C14, are similarly
spaced 6inches apart and sufficiently to the rear
on the base chassis so that their forward mounting screws come about Vi inch behind the amplifier enclosure. The three sockets for the shorting
plugs should be placed as nearly as possible in
the positions shown in the photographs.
The meter is mounted at the center of the
front edge of the base chassis. It is very important from the consideration of TVI that the meter
be tightly shielded at the rear. The enclosure
shown was bent up from sheet aluminum.
In the lower of the two smaller chassis, the
sockets for the two 807s are spaced with their
centers 3inches from the edge of the chassis and
about
inches apart. The sockets are ringed
with %-inch holes, which show in the bottons-

view photograph, to provide ventilation for the
tubes. The lower portions of the tubes are enclosed in Millen type 80007 shields and the
ventilating holes must come within the diameter
of the shields. The bottom plate, which must be
provided to cover the bottom of the base chassis
with a tight fit, should likewise be perforated in
the area below the sockets.
The shaft of the condenser and a shaft-extension bearing set in the front edge of the chassis
are joined by a flexible shaft coupling. The coil
socket alongside the tank condenser is mounted
on pillars that raise the socket to clear its prongs
underneath. C21 is attached to one of the rear
stator nuts. The plate choke, RFC 8,is mounted
vertically immediately to the rear on a small
ceramic feed-through insulator. A short length
of coa dal cable connects the link terminals of the

Js — Coaxial connector (Jones S-101).
M Ai — D.c. milliammeter, 25-ma. scale.
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Fig.

6-56 — Bottom view of the
75-watt e.w. transmitter. I'lenty of
space is provided so that components
need not be crowded.

coil socket to the output coaxial
fitting set in the end of the
chassis.
As soon as all holes have been
drilled in the small chassis, it
should be placed on the base
chassis and all holes in the bottom of the smaller chassis should be traced on
the top of the base chassis so that the two sets
of holes will match exact ly.
The cover chassis is attached to the lower one
by means of a section of piano hinge — a hinge
running the entire length of the chassis. The area
over the tubes is perforated with 1.
1-iic•li holes.
The two window latches should be titled carefully so that they will exert a good pull on the
top chassis when it is closed down.
All power wiring is done with shielded wire
and all by-pass condensers are applied to the
shielded wire in the manner described in the
TVI chapter. It is often simpler to run individual
power wires from each socket or each choke,
rather than to go from one point to the other and
thence to the power-supply or other terminal
with asingle piece of wire. Each filament, screen
and cathode of the two 807s should have its individual by-pass. Where the shielded wires run
parallel, they should be spot-soldered together
every few inches, and hold-down lugs should be
placed wherever needed to anchor the wire firmly.
The two exciter coils, L1 and L2, are soldered
directly across the tuning condensers. The 897
sockets are turned so that their grid terminals

Typical Meter Readings
Oscillator plate current
5 to 10 ma.
Oscillator screen current
4 to 5 ma.
Oscillator screen voltage
110 to 130.
Doubler plate current, idle
2 ma.
Doubler plate current, operating
14 nia.
Doubler grid current
2.3 ma.
Doubler cathode bias
90 v_
Doubler grid-leak bias
35 v.
Total doubler bias
125 v.
Amplifier grid current, loadedma.
10
Amplifier grid bias
50 v.
Amplifier screen current, loaded
22 Ina.
Amplifier plate current, for 75
165 ma.
Amplifier cathode current, for 75 w 200 ma.
Off-resonance plate current
220 nia.
Power-supply voltage, key open
530
Power-supply voltage, key closed, amplifier loaded to 165 ma.
480

d'iits 3) are closest. Then RFC6 and RFC 7,end
to end, should just about bridge the gap between
the two terminals. The conne:ctions between the
shorting- plug sockets and the junction of the
two chokes are made with No. 14 wire well spaced
from the chassis. This wire is also used in connecting each of the amplifier tank-condenser
mounting screws to one of the two tube cathode
terminals ( Pins 4).
Adjustment
The VR tubes should glow on after the power
is turned on. If they do not, the resistance of R11
should be reduced until the VR tubes just stay
ignited with the key closed. The transmitter
should first be set up for 3.5- Mc, operation, with
C7 set at maximum capacitance and 82 turned to
read grid current. After the key is closed, C7
should be turned slowly until a reading of grid
current is obtained. This is the k5- Mc.
point. Slowly reducing the capacitance of C7
should show another reading of grid current at
7Mc. Then the shorting plugs for 14-Me. operation should be inserted, leaving C7 set for 7 Mc.
The key should be closed and C14 adjusted for
maximum grid-current reading. The initial reading may be slight, but it should be possible to
bring it up to normal by a slight readjustment
of C7.
Setting up again for 3.5-Mc, operation, the
3.5-Mc, coil should be plugged in the amplifier.
C7 should be adjusted for maximum grid current
at 3.5 Mc. Switching the meter over to read
cathode current and closing the key, C23 should
be turned to maximum capacitance and then
slowly turned backward to the point where a
dip in the meter reading is obtained. The first dip
encountered should be resona-nre at 3.5 Me. This
setting should be marked down and always used
thereafter when tuning up on this band. The
amplifier tuning for the other bands is done in a
similar manner, always setting C23 at maximum
and tuning for the first dip in cathode current.
The accompanying table shows the average
values of currents and voltages to be expected.
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CHAPTER 6

A Completely- Shielded 90- Watt Transmitter or Exciter
The transmitter shown in Figs. 6-57 through
6-61 is designed for the reduction of v.h.f. harmonic radiation without requiring special construction for shielding purpoies. It uses astandard 3 by 4 by 17 inch chassis as the main enclosure. The plug-in coils are provided with individual shields using 3-inch diameter removable
shield cans that also are standard items.
The final amplifier is a6146, driven by a6AG7
frequency multiplier that is driven in turn by a
6AG7 crystal oscillator-multiplier. Provision is
made for driving the latter tube from an external
VFO. The power output is approximately 60
watts on all bands from 3.5 through 28 Mc. at
the 90-watt input c.w. rating of the 6146. With
plate modulation the 67-watt input rating gives
acarrier output of close to 50 watts.
Oscillator Circuit
The crystal oscillator uses the grid-plate circuit and is intended for use with either 3.5- or 7Mc. crystals. Its plate circuit, /4' 4 in Fig. 6-58,
covers the range from 7 to 14.3 Mc. and L1 is
wired permanently in the circuit. When using
7- Me. crystals C4 is tuned toward its highcapacity end when 7- Me, output is required for
the following stage, and near the low-capacity
end when the buffer is driven on 14 Mc. With
3.5- Me. crystals C4 is set near maximum captivity
for 7- Mc, excitation of the buffer, and at or below
midscale for 3.5- Mc. excitation. The tuning in the
latter case corresponds to the setting that gives
minimum harmonic output from the oscillator;
at 3.3 Mc. enough fundamental voltage gets
through to the buffer grid to give it adequate
drive. Coil changing in the oscillator circuit is
avoided by this method.
For VFO input the feed-back condenser, C2, is
shorted to ground for r.f. by SI.The crystal
should be removed from its socket when using the
VFO. A coaxial connector is used for the VFO circuit, and the VFO should be of the type that includes the length of coax as part of its tuned
output circuit. The VFO output can be on either
3.5 or 7 Mc., depending on the final output frequency and the choice of method of operation, as
described later.

Frequency Multiplier
The frequency multiplier or buffer stage is
coupled to the final amplifier grid by api network.
This type of circuit permits using a relatively
large fixed capacitance, Cg,directly from grid to
ground in the amplifier circuit and is highly advantageous in preventing v.h.f, harmonics generated in the grid circuit from developing an
appreciable voltage between grid and ground.
This not only prevents amplification of such harmonics in the plate circuit but also helps keep
harmonic currents from flowing in the d.c. grid
return lead.
Cg is also useful in stabilizing the final amplifier to prevent self-oscillation at the operating
frequency. The larger the capacitance of Cg in
comparison with the capacitance in use at C7,
the greater the impedance step-down between
the buffer plate and the amplifier grid, thus the
buffer plate resistance is reflected as a comparatively low resistance at the grid of the amplifier. This, together with the fact that any
energy fed back from the amplifier plate circuit
through the tube's grid- plate capacitance cannot
develop much feed-back voltage across the large
fixed capacitance between grid and cathode,
effectively prevents self-oscillation and avoids
the necessity for neutralization of the amplifier.
The optimum circuit values for this purpose are
given in Fig. 6-58 and the buffer coil table.
On 3.5 Mc. additional capacitance, Cg, is connected in parallel with Cg to provide proper circuit operation. On all frequencies the buffer
tuning condenser, C7,is near minimum capacity
at the proper operating setting. A 50 add. condenser can be used instead of the one specified in
Fig. 6-58, if desired.
L2 and L3 are small coils in the buffer grid
and plate circuits te prevent v.h.f. parasitic oscillations in the buffer stage.
Amplifier Output Circuit

The amplifier output circuit also is a pi network, designed specifically for working into
essentially resistive loads between 50 and 75
ohms. It is therefore suitable for working into
properly terminated coaxial cable of the usual
impedance values. In cases where the
antenna is fed by types of line other
than coax, an antenna matching network or antenna tuner of the coaxcoupled type described in the chapter
on transmission lines should be used.
This ix•rmits operating the coax link at
alow standing-wave ratio and provides
r:
the proper load for the 6146 amplifier
circuit.
The amplifier tank condenser, C12, is
asplit-stator type connected to the coil
socket in such away that only one secFig. 6-57 — A compact and completely shielded low-power transtion is used on all bands except 3.5 Mc.,
mitter using a6146 as the final amplifier. It can be used at an input
dsection is connected
of 90 watts on c.w. or 67 watts for plate-modulated 'phone. The unitin w h
ere th
e secon
is mounted on a34'.inch rack panel,
by means of ajuniper in the coil form.

antAlla
el> •

r)
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Fig. 6-58 — Circuit diagram of the transmitter.
CI, C2.

Ca, C8— 470-pmfd. mica.
C2— 150-pmfd. mica.
C4, c7 — 110-pmfd. variable ( Millen 19140).
Cs, Co — 100 ,µµfil. silver mica.
Cio — 0.001-pfd. mica, 1200- volt working.
Gui — 470-pmfd. mica, 1200.volt working.
Ci,
100-umfd, per section variable, 1000-volt spacing
(National TMS-1001)).
CI3 — 325-pad. variable ( Millen 19325).
CI4 — 470-mmfd. silver mica.
Cia to Caz, inc. — 0.001-Mid. ceramic, midget size.
RI, Ra - 47,000 ohms, !-watt.
R2 — 47,000 ohms, 1watt.
R4 — 15,000 ohms, 1watt.
Rs — 27,000 ohms, 1watt.
Re — 150 ohms, IA watt.
R7 — 2.2 ohms (2X shunt for 0-25 milliammeter).

/18 — 0.24 ohms ( IOX shunt for 0-25 milliammeter).
Rs, Ro — 100 ohms, AI watt.
Ji, J2 — Coax connectors, chassis type.
J3 — Closed-circuit jack.
RFC, to RFC4, inc. — 2.5 mh. r.f. choke ( National 11100S).
RFCe — 2.5-mh. r.f. choke ( Millen 34300-2500).
Li — 13 turns No. 22, diameter 1 inch, length 1 inch.
L2 — 16 turns No. 30 d.c.c. on %¡-watt resistor.
L3 — 6 turns No. 14, diameter
inch, length 1 inch.
L4 — 8 turns No. 18, diameter 34 inch, length % inch.
LS, Le — See coil table.
Mi — 0-25 d.c. milliammeter ( Simpson Model 125).
Si — S.p.s.t. toggle.
S2 — 2-pole, 4-position wafer switch, non-shorting
(Central ab 2505).

La in the amplifier plate lead is for the purpose
of preventing v.h.f, parasitic oscillation in the
amplifier.

that multiplies the range by 10 so that. the fullscale reading is 250 milliamperes. The values of
multiplier resistance required in these two cases
will depend on the type of instrument used and
should be adjusted to the proper value experimentally. The method is described in the chapter
on measuring equipment.
Loading is controlled by the output condenser,
C13. Although it has the highest capacitance
available in condensers of this construction, it
is not large enough for proper operation of the
pi network on 3.5-4 Mc., so an additional capacitance, Cia, is connected in on this band by means
of a jumper in the coil form. This large fixed
capacitance restricts the adjustment range possible with C13, so two coils are needed for proper
loading in this band. The one covering the 35003750-ke. range is adjusted for proper loading to
maximum permissible tube input at c.w. ratings,

Other Circuit Details
Cathode currents of all three tubes can be
measured by means of the meter switching arrangement shown in Fig. 6-58. The amplifier grid
current also can be measured. The 0-25 milliampere scale is used directly for measuring the oscillator cathode current and amplifier grid current,
the meter being shunted by 100-ohm resistances
in each of these two positions to preserve circuit
continuity when the switch is in other positions.
In the switch position for measuring buffer
cathode current the meter is shunted by a low
resistance that multiplies the scale by 2, and
when the final amplifier cathode current is measured the meter is similarly shunted by aresistance
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Fig. 6-59 — The shielded power wiring si
M he installed before the r.f. components are permanently mounted, including the ceramic by-passes across the ends of the shielded wires. The wires running along the center of the chassis
go to the heater and grid choke of the final amplifier. The two that follow the chassis corner at the left are from the
oscillator and buffer cathodes to the meter switch.

and the 3750-4000-ke. coil is similarly adjusted
for sufficient range to give maximum tube input
at ' phone ratings.
Amplifier cathode keying is shown in Fig. 6-58,
but any method may be used with appropriate
chunges in the diagram. A lead is brought out
from the " hot" end of the amplifier grid leak,
R5, 80 that the d.c. voltage developed by excitation may be used to control a screen protective
tube if an earlier stage is keyed. The circuit
constants in the oscillator and buffer stages in
Fig. 6-58 are such that both these tubes can run
without excitation, with a300-volt plate supply,
without exceeding the plate dissipation rating
of either 6AG7. This permits keying the VFO
when separate VFO input is used.
Shielded wiring for preventing harmonics from
flowing on supply leads is indicated in the circuit
diagram. These leads should be by-passed by
midget ceramic condensers at the points indicated, using the technique described in the TVI
chapter. The corresponding technique for high.
voltage mica by-passes is used for the amplifier
high-voltage plate lead.
All three tubes have parallel plate feed. This
permits grounding the tank condensers directly
to the chassis, which is advantageous both mechanically and electrically. In the buffer and
amplifier stages parallel feed is a necessity because the pi networks cannot be series-fed.

making sure that everything is provided for before anything is permanently mounted. Make the
partitions and amplifier tube mounting bracket
and fit them in place before drilling any mounting
holes for them in the chassis. Mounting holes
in these pieces may then be used to locate the
corresponding chassis holes. The tube socket
bracket and final tank condenser together form
a separate subassembly on which most of its
wiring may be done, including the shielded cathode lead to the meter switch, after the mechanical
fit has been checked. The bracket is drilled to
clear the rear shaft extension of the condenser and
uses holes already present in the condenser back
plate for mounting. The plate blocking condenser, C10, is mounted on the screw which is part
of the stator plate assembly; this condenser must
be as close as possible to the condenser so that it
will clear the coil socket mounted on the rear
chassis wall. A short stand-off insulator is
mounted just to the left of the tube socket, at
the left in the bottom view, to mount the plate
lead and one end of the parasitic choke, 1
,
4.
The center partition should have a j/2inch
hole at the point where the amplifier grid lead
comes through from the buffer stage, and should
be cut out about
inch at the bottom where it
must fit over the shielded wiring laid on the

Construction

Coils wound on 1% inch diameter forms ( National XR-4
and XR-51

All of the circuits with the exception of the
buffer and amplifier coils are inside the chassis.
The metal 6AG7s provide their own shielding.
The 6146 mounts through the rear chassis wall
and is covered by the same type of shield can
(ICA No. 1549) as is used to cover the tank coils
except that it is trimmed down a bit in length
and is drilled with 3'-inch holes above and
below the tube to give ventilation. The location
of the principal components is shown in the
bottom view.
Since the space underneath the chassis is
limited, some care must be used to fit the parts
in. The best plan is first to lay out the complete
transmitter and drill all holes in the chassis,

Buffer and Amplifier Coil Table

Buffer coil, Ls
3.5 — 4Mc.
7Mr.
14 Mc.
21 Mc.
27 — 30 Me.
Amplifier roil. I.4
3.5 — 3.75 Mc.
3 75-4 Mc.
7Me.
11 Mr.
21 Mr.
27 — 30 Mc.

Wire
Size

Nos!
Turns

Turns per
Inch

L. uh.•

26
22
18
18
18

42
25
10
5
3%

28
20
10
10
10

48
18.4
3.5
1.31
0.86

16
20
12
R
5
5

11.5
18.7
8.3
3.25
1.36
0.84

18
22
18
18
16
16

23%
25%
17 ,3
10%
61,',
-I! 3

•Measured values with roil unshielded.
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chassis. These parts and the meter shield should
be the last things mounted, after all other assembly and wiring has been completed.
The shielded wiring should be laid in first,
as shown in Fig. 6-59. Soldering lugs may be
used as hold-downs, the wire shield being spot
soldered to each such lug. Start the leads, fitted
with ceramic by-passes, at the output terminal
strip or tube socket, as the case may be, and run
them to their final locations, temporarily mounting the part at which they terminate to get the
exact lead length. Then trim the wire and install
the ceramic by-pass when called for in the
diagram.
After the shielded wiring is in place, install
the amplifier coil socket and wiring, leaving
enough lead length to reach the tank condenser
to be mounted later. This coil socket must be
mounted with the ring outside the chassis in order
to provide sufficient clearance for the amplifiertube subassembly. Then complete the oscillator
and buffer assembly and wiring, except that the
buffer coil socket should not be mounted because
it interferes with installing the amplifier subassembly. Also mount and wire the key jack and
meter switch, including mounting and finishing
shielded leads for the meter.
When this has been done the amplifier tube
subassembly may be permanent ly installed and
the connections to it completed. After installation the amplifier plate choke should be mounted,
using the chassis hole for the 6146 for access. The
buffer coil socket and amplifier output condenser,
C13, may then be installed and the wiring completed. The last operation is to mount the meter
shield.
Since the size of some parts is critical, in view
of the limited space, the specific components used
in the unit shown are designated in the circuit
caption.

Operation
The final amplifier is operated straight through
on all bands and the buffer amplifier preferably,
although not necessarily, is operated as a frequency multiplier. On bands where the buffer is
used as astraight amplifier care must be taken to
choose tuning conditions that do not permit
self-oscillation in the buffer stage. On 3.5 Mc.
with either crystal or VFO control there is no
tendency for the buffer to self-oscillate because
its grid circuit is not resonant at the operating
frequency. On this frequency the principal precaution to be observed is that C4 should be
tuned so that the drive at harmonics of the input
frequency is not excessive. The proper setting for
C4 is the one that results in maximum amplifier
grid current when the buffer plate circuit is
properly resonated.
When operating on 7Mc., C4 should be toward
minimum capacitance, but not far enough to
resonate at 14 Mc. Adjust for maximum amplifier
grid current, with the buffer plate circuit resonated, by varying C4 toward minimum capacity.
When the amplifier grid current is maximum,
pull out the crystal or shut off the VFO and the
grid current should drop to zero. If it does not,
decrease C4 until it does. The grid current should
be ample with C4 set so there is no danger of
buffer oscillation.
For 14- Mc. operation, set C4 near maximum
capacitance so that the buffer is driven on 7Me.
and operates as a doubler. Adjust for maximum
amplifier grid current. On 21 Mc., operate the
buffer as a tripler, driving it on 7 Mc. and adjusting C4 in the same way as for 14 Mc.
The preferable method of operation on 27-30
Mc. is to use a 7- Me. crystal or VFO, adjust C4
to resonate at 14 Mc., and then double in the
buffer stage. In this case C4 will be near minimum
capacity. Alternatively, a 3.5- Mc. crystal or

Fig. 6-60 — Bottom view of the transmitter completely wired. The oscillator plate coil, Li, is between the two
variable condensers at the right. The amplifier circuit occupies the left-hand portion of the chassis in this photograph. The chassis is 3 by 4 by 17 inch aluminum and is covered by a4 X 17 aluminum bottom plate (not shown).
The bracket on which the amplifier socket is mounted is supported at one end by the plate tank condenser and at the
other by apartition that shields the amplifier section from the oscillator-buffer section. The amplifier plate choke is
mounted on the cha -, 4.- between the tube-socket bracket and the chassis wall, just below the plate-lead terminal.The
meter is enclosed I» aright-angle shield to prevent stray harmonic pick-up that might cause radiation through the
meter hole in the panel.
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Fig. 6-61— Power
supply diagram for the
6146 exciter-transmitter. Note: For plate
modulation, disregard
the screen-supply circuit shown, and supply d.c. screen voltage
through a35,000-ohm,
10-watt resistor connected from the "hot"
end of the modulation
transformer secondary
to screen.

•
CI, C2 — 4-µfd. 1000-volt paper.
— 8-pfd. 450-N olt electrolytic.
R2 — 0.1 megohm, 1watt.
R3
4000 ohms, 25 watts.
R4 — 25,000 ohms, 10 watts.
Rb — 0.5 megohm, j¡ watt.
Li — 5/25 henrys, 225 ma.
C3

Ri,

VFO may be used, in which case the optimum
method is to double in the oscillator plate circuit,
the setting of C4 being near maximum capacity,
and use the buffer as a quadrupler. This results
in higher amplifier grid current, in the average
case, than can be obtained by quadrupling in the
oscillator stage and doubling in the buffer. The
grid drive for the final amplifier is less than when
using 7- Mc, crystals or VFO, but is sufficient for
operating the 6146 at maximum ratings on either
c.w. or 'phone. Care must be used to select the
right harmonie when quadrupling in the buffer,
since the tuning range is sufficient to reach both
21 and 28 Mc. on the 28- Mc. coil. In all the preliminary tuning, it is excellent practice to check
the actual frequency of each circuit, particularly
the buffer plate circuit, with an absorption wavemeter.
With any of the types of operation described
above, the maximum grid current through the
27,000-ohm amplifier grid resistor should be from
3 ma. to about 4.5 ma., with the amplifier fully
loaded. These values are in excess of the normal
operating figures, the optimum current being 2.5
to 3 ma. for c.w. operation and 1.8 to 2 ma. for
plate-modulated 'phone. This is for aplate-supply
voltage of 600, with a plate current of 150 ma.
for c.w. operation and 113 ma. for ' phone.
The method of tuning the amplifier is the same
on all bands. Assuming that the load has been
adjusted to represent apure resistance, or nearly
so, of 50 to 75 ohms, set C13 to maximum capacitance, apply plate and screen voltage, and
adjust C12 for minimum plate current. Then
decrease the capacity of C13 by a small amount
and reresonate C12. Continue until the plate current at the minimum of the dip is the desired
value. Since the off-resonance plate current of
the 6146 may run as high as 250 ma. it is advisable to do preliminary testing at reduced plate

—
4.5 henrys, 200 ma.
Ti — Filament transformer: 2.5 v., 4 amp., 1500-volt
insulation.
Ta — Plate transformer: 800 v. each side c.t., 225 ma.
T3 — Filament transformer: 6.3 v., 6 amp.
Si, S2 — S.p.s.t. toggle.
RFC— 2.5 mh. r.f. choke.

L2

and screen voltage, until the proper operating
conditions have been once established.
If the load is not the type that is represented
by a properly-terminated coax line it may or
may not be possible to control the loading adequately by means of C13. The pi network constants are fairly critical as to loading, and if
proper loading cannot be secured it is an indication that the coax line is not flat.
Power Supply
The oscillator and buffer require atotal current
of approximately 50 ma. at 300 volts. In order to
avoid the excessive plate dissipation that might
occur with a supply that gives more than 300
volts, the plate voltage should be regulated by
means of VR tubes. The plate currents taken by
the oscillator and buffer do not vary greatly from
band to band, the oscillator current being about
20 ma. on all bands and the buffer taking about
25 ma. on all except 7 Mc. where it is about 12.
The amplifier requires a 600-volt plate supply
capable of an output current of 150 ma., approximately. The screen current averages about 12
ma. through a dropping resistor of 35,000 ohms,
the optimum value.
A suggested power supply circuit is given in
Fig. 6-61. This utilizes asingle plate transformer
designed to deliver 600 volts at 225 ma. through
a choke-input filter.
Compared with other beam tetrodes, the 6146
operates with quite low screen voltage and the
ordinary screen protective tube circuit does not
reduce the screen voltage to a low-enough value
to prevent excessive plate dissipation when there
is no r.f. excitation. The circuit shown here consequently includes a VR-75 to cut off the screen
voltage under such conditions. To compensate
for the voltage drop through the VR tube the
screen resistor is reduced to 25,000 ohms.
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A Shielded 150- Watt Transmitter for Four Bands
Figs. 6-62 through 6-70 show the circuit and
various constructional details of a 150- watt
transmitter with a shielding enclosure made
of screening. In the circuit diagram of Fig.
6-63, the oscillator is a modified Pierce. It
drives either a single 807W as a straight amplifier, or two of them as push-push doublers.
When a single tube is used, the heater of the
other 807W is turned off (Si) and the idle
tube then serves as a neutralizing condenser
for the other. Type 807W tubes permit amore
compact arrangement with shorter leads, but
standard 807s may be substituted with very
minor modifications.
To minimize v.h.f. harmonic radiation, link
coupling, instead of capacitive coupling, is
used between the two stages and simple harmonic filters are inserted in the power and keying leads which are shielded. R3,R4 and RFC 6,
RFC6 are v.h.f. parasitic suppressors.
Both stages have parallel plate feed. Since
the entire unit is designed to operate from a
single power supply, VR tubes are used to
stabilize the plate and screen voltages of the
oscillator. The 807W screen voltage also is
taken from the tap for c.w. operation. If
screen and plate modulation is contemplated,
individual series screen resistors directly from
the high-voltage terminal must be used. Each
should have a rating of 50,000 ohms, 5 watts
for operation at aplate voltage of 600. A small
45- volt biasing battery ( 90 volts for ' phone)
mounted under the chassis serves to hold the
amplifier input to asafe level when the oscillator is keyed. Meters with r.f. by-passes are
provided in the amplifier grid and plate circuits.
VFO input can be used by means of capacitive coupling through acoaxial line and aplug
(Millen 37412) that fits the crystal socket.

The outer conductor of the coaxial line is
grounded as close as practicable to the
6AG7 socket. When the plug is inserted, C1
is grounded and serves as the screen by-pass
condenser for the 6A07, while the grid is
connected to the " hot" side of the VFO
output.

Shielding Enclosure
Screening makes a desirable type of enclosure for an amateur transmitter, since it not
only provides the necessary ventilation, but
also visibility. The transmitter is built in
quite conventional form on astandard chassis,
and the enclosure is made simply of adequate
dimensions to surround it completely. The
box is provided with a metal panel in front
and a terminal board of the same material
at the rear. The control shafts are extended
the necessary distance to the panel, while
the power leads are extended to the terminal
board. The shielding and filtering of meters is
no problem because they also are completely
within the enclosure, the screening permitting
reading without cut-outs.
Double- wall shielding is provided, since it is
considerably more effective than single-layer
screening, even though the walls are not insulated at all points.
The sketch of Fig. 6-65 illustrates the manner in which the enclosure is contructed. Each
side (also top and bottom) consists basically of
a square or rectangular frame of 1 by 2 pine
strip stock covered with bronze screening.
Copper is better if it is available. At the frame
corners, the two pieces are simply butted and
joined with metal angles from the dime store.
To cover the edges of the frames as well as
the openings, the first piece of screening is
cut exactly to the width of the frame and about
four inches longer than the length. Then
one edge of the screen is tacked along
the front face of the top strip. The screen
is bent backward around the adjacent
edge, stretched across the back of the
frame, pulled around the opposite edge
and tacked along the front face of the
bottom strip. The second layer of screening is cut to awidth equal to the length
of the frame, and is applied to the front
side of the frame in the same manner as
described above, except that it is wound
around the frame in the opposite direction, i.e., from side to side, instead of
from top to bottom. The result is a
frame that is completely covered with
screening, including the edges.
Fig. 6-66 suggests amethod of stretching the screening tightly across the
frame. After tacking one end of the
screening to the frame, the loose end of
the screening is clamped between angle
Fig. 6-62 — The 150-watt transmitter installed in its shielding enclosure. The illuminated meters can be read through the double. irons in avise. The top strip of the frame
rests against the face of the vise. When
wall screening.
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Fig. 6-63 — Circuit diagram of the shielded transmitter.
CI, Cs — 0.002-51d. mica.
C2, C5, C7, Cs, Cl2 Cis — 0.01-pfd. ceramic disk.
C2 — 0.01-pfd. feed-through (Sprague 47P6).
C4 — 25-gpfd. mica.
Cs — 100-pad. variable ( National ST- 100).
C10, C17 — 0.001-gfd. mica.
CI: — 100.ppfd.-per-section variable ( National STIID100).
C14, CIS — 0.002-dd. 2000-volt silicone ( Plasticon
ASG13 Glassmike).
Cis — 300-ppfd. variable ( National TNIS-300).
Cis, C10, C20 — 0.005- pfd. feed-through (Sprague 46P8).
• — 0.1 megohm,
watt.
R2 — 1000 ohms, 1watt.
R3, 114 — 100 ohms,
watt, noninductive.
116 — 15,000 ohms, 25 watts.
Li — 3.5 Me. — 20 ph. — 30 turns No. 22 d.s.c., 1A
1
inches diam., 11!" .inches long, 4-turn link ( National AR 17-80-E with 26 turns removed).
— 7 Mc. — 10 nh. — 18 turns No. 22 d.s.e., 1!,¡
inches diam.,
inches long, 4-turn link ( National All 17-40-E with 10 turns removed).
— 14 Mc. — 5 ph. — 12 turns No. 22 d.s.e.,
inches diam., 1inch long, 3- turn link ( National
AR17-20-E).
• — 3.5 Mc. — 40 ph. — 38 turn. No. 22 d.s.c. close.
wound, 1% inches diam., approx. 5- turn link
over center ( National AR17.80-S).
— 7 Mc. — 10 5h. — 20 turns No. 22 d.s.e., 13/2
inches diam.,
inches long, approx. 4-turn
link over center ( National A1117-40-S).
— 14 Mc. -- 4.7 ph. — 10 turns No. 22 d.s.c., U ,¡

13/2

the bottom of the frame is pressed as indicated,
the screening is brought under tension while
it is being tacked along the face of the upper
edge of the frame. The remainder of the
screening is then folded over the edge of the
frame and tacked along the back.
The front and rear frames are constructed as
shown in Fig. 6-67A. The intermediate strip is
placed to come level with the top edge of the
aluminum control panel, or rear terminal
board, as the case may be. Both panel and
terminal board should be brought tightly
against the screening by the generous use of
wood screws. The construction of the top

inches diam., 1 inch long, approx. 3-turn link
over center ( National AR17-20-S).
I.3 — 3.5 Me. — li ph. — 26 turn- No. 18, 171'i inches
diam., 2
inches long, 5- turn link ( B & W
JEL-40).
— 7 Mc. — 3 gh. — 10 turns \ O. 18, 1,74'i inches
diam., 2 inches long, 3-turti link ( It & W JEL20).
— 14 Mc. — 1.5 ph. — 8 turns No. 14, 1744 inches
diam., 2 inches long, 3- turn link ( 1) & W JEL10).
— 28 Mc. — 0.75 ph. — 4 turns No. 14, 174 inch
diam., 1inch long, 2-turn link (B & W JEL-6).
JI, J7, is -1-Jones S-101-1) connector.
Ja — Open-circuit jack.
Ji.
Amphenol 80-Pc2M connector.
Ja, J6 — Am phenol 83-111 connector.
MA I — Nlilliammeter, 25- ma. scale.
NI A2 — 111illiammeter, 300- ma. scale.
Pi — Ribbon- line plug ( Millen 37412).
P2 — Amphenol 80 - NI CFl connector.
Pi
Amphenol 83-1SP connector.
P4 — Jones P- 101-%-in. connector.
RFC', RFCs — 7- ph. r.f. choke (Ohmite Z-50).
IIFC2, RFC3, RFC, — 2.5-mh. choke ( National 1150).
liFC5, RFC° — 8 turns No. 18, %- inch diam., close.
wound ( National R60 — 4 ph. with turns removed).
RFC7 — 1-mh. 300- ma. r.f. choke ( National R300S).
Si — S.p.s.t. toggle.
Ti — Filament transformer: 6.3 v., 2 a.

frame is shown in Fig. 6-67B. The additional
crosspieces make provision for an access opening for changing coils and minor adjustments. After this frame has been covered with
screening as described above, the screening
across the opening can be slit and bent around
the edges of the hole and tacked in place underneath. Several long machine screws are spaced
around the edges of the opening so that the
aluminum-sheet cover can be fastened down
tightly with wing nuts. The cover should overlap the opening out to the edges of the wood
framework around the hole.
The sides of the enclosure are fastened to-
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Transmitter Construction

The amplifier tubes and their associated input and output tank circuits are constructed
as aunit on a " U "-shaped bracket made from
a single piece of aluminum sheet. This provides a low-inductance return, from plate circuit to cathode, independent of the chassis,
as well as a measure of shielding between input and output circuits. The tank condensers
are mounted directly on the bracket with their
shafts at the same height. The two coil sockets
are mounted above the tank condensers so
that the axes of the coils are at right angles to
Satin

Angle Iron

Tack Here While
Screen Under Tension

Fig. 6-64 — Rear view of the 441,1.1-awe showing, trou
eft to right, the shielded terminations for the r.f. output, a.c. line, key and VFO input. The opening in the
op provides access to the plug-in coils.
gether tightly with several 11
A-inch wood
screws. Wood trim strips are used to cover the
seams of the screening if desired. Latticing
wood is suitable for this purposé.
The control shafts require holes in the two
screening walls. The holes should be no larger
than is necessary to pass the shafts. Ragged
edges can be avoided by first flowing a small
patch of solder over the screening where the
hole is to be drilled, and then drilling the hole
through the solder and screening.
All power and key wiring between the chassis
and the terminal board at the rear should be
shielded and the shield should be soldered to
the screening as it passes through to the terminal board. Shielded fittings should be used as
power terminals and it is advisable to use
shielded wire between the terminal board and
the power-supply unit.
The meters are mounted on aseparate panel
inside the enclosure. The panel is spaced away
from the inner wall of screening by an inch or
so. If there is any difficulty in reading the
meters through the screening, 6.3-volt dial
lamps operating from the filament transformer
can be used to provide illumination for them.
The lamps should be shaded toward the front
to eut off glare. This can be done quite easily
by coating the front of the bulbs with black
paint.

— • - ' i""
Second wall
being applied

wst wall

in plane

Fig. 6-65 — Two layers of screening are applied to
each frame of the enclosure — one on each side of the
frame.

Vine

Press in This Direction
Ynik Tacking Along kip

Jon

End Tacked Here First

Fig. 6-66 — A suggested method for pulling the screen
tight across the frame. See text.
minimize coupling. The resistors, chokes and
by-pass condensers associated with the amplifier grid and screen circuits are grouped
around the tube bases and connected with the
shortest possible leads. Tubular-shaped C14
is supported ( through a hole in the bracket)
between the plate coil-socket terminal and
Access
0peni ng

(A)

( B)

Fig. 6-67 — In the front and back frames (A) acrosspiece is added as asupport for the control panel and
terminal hoard, respectively. The top frame ( B) has
additional members to accommodate an access opening.
the top of RFC 7which is mounted vertically
from the chassis, between the two tubes, near
the plate caps. The parasitic chokes, RFC 5
and RFC ,are suspended between the tube
plate caps and the end of C14. The oscillator
components and the VR tubes are to the right
in Fig. 6-50. The crystal, 6AG7 and the oscillator tank coil, LI, are placed in line, with L1
at right angles to L2. Fig. 6-68 also shows the
mounting of the two meters, and the shielded
power connections.
Underneath the chassis in Fig. 6-69, the oscillator tank condenser is to the left and the
filament transformer and biasing battery to
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b- P8
Top view of the 150- watt shielded tram—
mitter. The output stage is assembled on a " U"-shaped
bracket bent up from sheet aluminum. Oscillator components are to the right.

VFO output one band lower than the band to
which the 6AG7 output will be tuned. This
avoids possible instability in the 6AG7 stage.
For maximum rated c.w. output, a 750-volt
300- ma. power supply is required ( 600 volts
for ' phone). But a lower-voltage supply may
he used for less than full output. If the,supply
voltage falls much below 400, however, the
VIt tubes will not operate, unless lower-voltage
\Us are used, thus reducing the oscillator and
screen voltages. Fig. 6-70 shows a suitable
power supply for maximum rated operation.
The Type 807W tubes seem to work best
with less than the usually- recommended grid
current of 3to 4 ma. per tube. If the grid current is run much above 2 ma. per tube, the
screen current becomes excessive. At lower
plate voltages, even less grid current may become desirable. At maximum plate voltage,
the loaded plate current should be limited to
100 ma. per tube. At lower plate voltages, it
may not be possible to load the amplifier to
maximum rated plate current. In this case,

the right. R5 is at the center. On extension leads at the top are the key jack
(mounted in a National microphonejack shield), the meter lamps, the filament switch, SI,and the meter leads
with their by-pass condensers. All power
wiring is done with shielded wire with
the braid shields bonded together al
frequent points and tied to ground.
Feed-through type by-pass condensers
for harmonics are fastened directly to
the a.c.-line and key terminals.
Adjustment
With the VR tubes in place, but the
other tubes out of their sockets, R5
should be adjusted until a meter connected externally in the high-voltage
lead reads 40 ma. The remainder of the
Fig. 6-69 — Bottom view of the 150-watt shielded transmitter.
adjustment is quite conventional, reThe chassis is of aluminum measuring 17 X 10 X 3 inches. All
membering that it is possible to double
power siring is done with braid-covered wire. The biasing battery
frequency both in the output circuit of
to the right is held in place with a metal bracket.
the oscillator and again in the output
stage. Thus, output can be obtained up to the
the loading should be adjusted for maximum
14- Mc, band with 80-meter crystals and up to
obtainable output. If antenna-current meters
28 Mc. with 7- Mc. crystals. Cs/.1 and Ctan
are not available, the amplifier should not be
should always be adjusted to the same frequency.
loaded beyond the point where there is still an
When using VFO, it is preferable to have the
easily-identifiable dip in plate current.
Ti

Fig. 6.70 — Circuit of apower supply for the shielded 150-watt transmitter.
Ci, C2 — 4. 5fd. 1000-volt oil-filled.
RI— 25,000 ohms. 50 watts.
— 5/25-h.
300-ma,
swinging
choke.
L2 - 10-h. 300-ma.
Ji — Amphenol 80-PC2F Connector.
.12 — Amphenol 83-1R connector.
Si, 52 — 3-amp, toggle switch.
Ti — Filament
transformer: 2.5
volts, 4amp.
T2 — Plate transformer: 600/750
volts d.c., 300 ma.
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An All-Band Bandpass Exciter
Figs. 6-71 through 6-76 show diagrams
and constructional details of a 120- watt VFObandpass transmitter or exciter for a higherpower amplifier. An f.m. modulator and crystal
calibrator, to be included if desired, are also
described. Referring to the circuit diagram of
Fig. 6-72, a 6AG7 series- tuned VFO, operating
in the 2- Mc, range, doubles frequency to the
3.5- Mc, range and drives a second 6AG7 as a
straight amplifier at this frequency. This
amplifier then drives a series of 6N7 frequency doublers ( one triode section in each
stage). The appropriate stages for any desired
band are connected in by the bandswitch, Si.
The bandswitch also connects the grids of a
parallel-connected 829-B output amplifier to
the corresponding doubler output circuit.
Bandpass couplers that provide, without retuning, essentially constant output over the
bands in which they operate are used between
all stages, instead of capacity coupling. Aside
from the fact that the use of these couplers
reduces the number of tuning controls to only
2 for a 7-stage transmitter, it also provides
inductive coupling that discriminates against
harmonics that may cause TVI. Since the
bandpass circuits cannot be conveniently made
to cover the wide frequency range including
both the 28- and 27- Mc. bands, a separate
coupler is used for each. A trimmer is connected
across the input of each of the doubler stages
to make the input capacitance equal to that of
the 829-B so that the tuning of the couplers
will not be disturbed when switching bands.
The output tank circuit of the 829-B amplifier is acombination " all- band" circuit that
covers all bands without changing coils. At
3.5 and 7 Mc. C54/45 L17 act as aparallel- tuned
circuit with the two sections of C54 connected
across L17. L16 may be considered as ajumper
connection between the stator sections of the
capacitor at frequencies below 7 Mc. However, the reactance of L16 becomes appreciable
at 14 Mc. and above. At these frequencies the circuit becomes rather complex,
consisting of the resultant of LI6 and L17
partially in parallel, tuned by the resultant of the two sections of the tank
capacitor in series. Two output-coupling
links, both series-tuned by C59 ,are terminated at one of the wafers on the bandswitch. L18 is the low-frequency link and
L15 operates at 14 Mc. and above.

Fig. 6-71 — Operating controls have been cut
to a minimum in this handswitehing transmitter. Only the VFO dial need be tuned for
coverage of alarge portion of any one hand.
The grid and plate meters are to the left and
right of the main tuning dial. The microphone
jack, gain control, crystal-modulator switch,
bandswitch and the amplifier control knob are
in line arr.— the bottom of the panel. The
output-link tuning control is just below the
plate meter.

The tubular condenser, C52, and the wavetrap consisting of L14 and C53 represent measures taken to eliminate parasitic oscillation
and v.h.f. harmonics in the output stage. In
addition, all external power leads are provided
with v.h.f. filtering and the meters are bypassed.
The f.m. modulator consists of a 6AK5
speech amplifier and a similar tube in the reactance modulator. The modulator is connected across the oscillator tank circuit.
The crystal calibrator is a simple 100-kc.
oscillator giving 100-kc. points throughout the
spectrum. Thus band-edge markers are provided for setting the VFO.
The transmitter requires two power supplies, one delivering 300 volts, 150 ma. and the
other 600 to 750 volts, 200 ma. A source of
fixed bias also is needed for the 829-B. This
may consist of a 45-volt battery, as Fig. 6-72
indicates, or R25 may be omitted and the
bias obtained from a VR-regulated supply.
Fig. 6-76 shows the diagram of a suitable
power unit, including provision for bias. In the
transmitter, a 150- volt lead, regulated by a
VR-150, is brought out from the 300-volt
input terminal. From this is operated the plate
and screen of the VFO, the screen of the
6AG7 buffer, the reactance modulator and the
100-kc. crystal calibrator. A 6.3-volt transformer that supplies all filaments is included
in the transmitter.
Transmitter Construction
The chassis for the transmitter measures 3
by 10 by 17 inches and the whole unit is housed
in a No. CA- 304 Par- Metal cabinet. The rear
view ( Fig. 6-73) shows the meter shields
mounted on the front panel to the left and
right of the dial lamps and the output-link
tuning condenser at the lower left-hand corner
of the panel. The 829-B tube socket is sub-
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Fig. 6-73 — A rear view of the
bandpass transmitter. Rectangular holes, cut in the chassis.
provide clearance for the coupler coils. The coupler capacitors are readily accessible
for adjustment.

mounted at the left end of
the chassis in between the
homemade tubular condenser ( Fig. 6-74) and the
amplifier plate coils. A
stand-off insulator supports
the plate trap to the left of
the 829-B. Feed- through
insulators to the right of
the plate coils allow connections to the output links
and the bandswitch underneath. L15 is the 3-turn
winding located closest to
the panel and Lis is the coil
in front of the 829-B (right).
To the right of the amplifier components, in the
line nearest the panel, are the VR-150, C34, the
control for Cm, and the modulator tubes. The secC35— 100-pafd. variable ( Millen à)100).
C37, C38 — 670 - fil. silver mica.
Cat — 0.005-µfd. ceramic (Sprague 29C1).
C52 — 12-Hafd. tubular air condenser (see text).
C.53— 75-aufd. variable ( National PSE-75).
C54 — 125-a/dd.-per-section variable ( National
125- D).
C55 — 0.001-afd. 2500-volt mica.
C57 — 470-dd. mica.
C58— 470-iudd. 2500-volt mica.
C.5 9 — 300-µpfd. variable ( National ST11-300).
Coo, Cot — 0.1 dd., 250 volts ( Sprague liy-paffl).
Ri, R8 — 22,000 ohms, 1watt.
R2 — 0.15 megohm, 3/2 watt.
113, 1112 — 0.1 megohm, 3/2 watt.
114, Ris — 0.47 megohm, AI watt.
R5, 118 — 1000 ohms, 3,4 watt.
117, 1118 — 470 ohms, 1watt.
R8 — 1megohm, 3/2 watt.
RIO, R15 — 0.22 megohm,
watt.
1111 — 12,000 ohms, 1watt.
Ria — 0.5-megolun potentiometer.
RI4 — 10,000 ohms,
watt.
1102 — 390 ohms, 3/3 watt.
1118, 112o — 47,000 ohms, 3,4 watt.
1121— 47 ohms, 3/¡ watt.
1122- 22,000 ohms, 3/2 watt.
1123 — 330 ohms, 1watt.
R24— 5000 ohms, 10 watts.
112o — 1500 ohms, 1watt.
Ras — 2000 ohms, 10 watts.
1127 — 15,000 ohms, 10 watts.
It through LIS — See coil table.
It, 12 — Panel lamp.
JI, J2 — Coaxial- cable connector.
J3 — 5-prong male plug.
MAI — 0-25 d.c. milliammeter.
MA2— 0-300 d.c. milliammeter.
RFC1, RFC2, RFC4, RFCs, RFC5, R FC7 — 2.5-mh.r.f.
choke.
RFC3 — 300 ah. r.f. choke ( Millen 34300).
RFCs, 11FCa — 7ah, r.f. choke ( Ohmite Z-50).
Si — 6-pole 3-section 5- position selector switch ( Centralab 2525).
S2 — S.p.d.t. center-off toggle switch.
Ti ••••• 6.3-volt 6- amp. filament transformer (Thordarson
T-21F11).

TMs-

ond line of parts starts at the left with the 7- and
14-Mc, doubler tube and continues to the right
with the VFO tube, the 68117, and the 100-kc.
crystal. To the rear of the first two tubes are the 14and 7- Mc, couplers and the coupler in the output
of the VFO. From left to right are C22, C20, C32,
C30, C41 and C44. The two tubes to the rear are the
10- and 11-meter doubler to the left and the 6AG7
buffer to the right. Behind these tubes are the
10- and 11- meter couplers and the coupler in
the output of the 6AG7. Left to right are C14,
C'12, C4, C2e C48 and C46.
The bottom view of the transmitter ( Fig.
6-75) shows the amplifier tank condenser and
the plate by-pass capacitor, C65, lined up to
the right in front of the 829-B tube socket.
The tank capacitor. C54, is insulated from
ground ( for d.c.) by means of National X13-6
polystyrene buttons and an insulated shaft
coupling protects the operator from accidental
contact with the " hot" control shaft. Screengrid resistors, R26 and R27, are mounted directly on the tube socket and the 829-B grid
r.f. Choke is located on the rear wall.
Aluminum brackets support the bandswitch
at the right center of the chassis. The rear wafer
of this switch accommodates the wiring for the
27- and 28- Mc. doubler tube, the center section
1.akes care of the 14- Mc. 6X7 output circuit and

—32

e
.D. copper
tubing?

tap )

Nalonal XS-6
ceramic button

e
frod 1

4"

Copper -sheet malting
flange soldered to tubing

big. 6-74 — Sketch of the tubular condenser used in the
output circuit of the bandpass all- band exciter.
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the 829-B grid circuit, while the front wafer
handles switching for the 7- Mc, doubler and
the output links. Compensating capacitors for
the doubler grid circuits are mounted between
the switch sections and ground.
Rectangular cut-outs are required for the
bandpass couplers. The couplers in the output
of the 6AG7 and those for 28 and 27 Mc. are
mounted from left to right at the rear of the
chassis. The coupler for 14 Mc. is to the left of
the switch, and bandpass circuits for the VFO
tube and the 7- Mc, doubler are to the left and
right of the aluminum partition. This aluminum shield prevents instability caused by
coupling between the low- frequency circuits.
L9, the VFO coil, is mounted on a 3%-inch pillar
at the front of the chassis.
The audio and the 100-kc. oscillator circuits
are grouped at the upper left-hand corner
and the filament transformer is bolted to the
left wall. Shielded wire for all leads carrying
other than r.f. will provide additional r.f. bypassing and help to reduce TVI.

on the outside of the form in the conventional
manner, except that one of the two coils in
each case is made so that its position on the
form can be changed slightly if necessary. This
is done in the following manner. Dust the form
with talcum powder. Wrap a band of Scotch
tape, adhesive side out, around the form. Wind
the required number of turns over the band of
tape. The tape will hold the turns intact while
the coil is removed from the form and coated
with coil dope. Replace the winding on the
form when the dope is dry. After final adjustment, a drop of cement will hold the winding
in place on the form.
B dr W self-supporting Miniductor windings
are used for the 14- and 27- Me. couplers (
LI
through L6). These are of such diameter that
when the polystyrene supporting strips are
sandpapered down slightly, the coils will slide
snugly inside the Millen coil forms. The forms
are slotted diametrically by making a longitudinal hacksaw cut down through the center
of the form to within a half inch or so of the
bottom. The leads from the coils ride up and
Making the Band- Pass Couplers
down in these slots and are cemented in place
The accompanying coil table gives the deafter the final adjustment of the coupling.
tails of the various coupler windings. The diNo form is used for the 28- Mc. coupler, LI
mensions listed should be followed with the
and Go.
greatest possible care. Especially the spacing
The coupler tuning condensers are spaced
between the two windings of the couplers
inch bakelite or
out evenly on strips of 3/8is critical if the desired bandpass characteristic
polystyrene. 13
% inches wide. As shown in the
is to be obtained. All except the 28- Mc. coils;
top-view photograph of Fig. 6-73, and disL1 and L2, make use of Millen Type 45000 1cussed earlier, some of the couplers are grouped
inch-diameter coil forms. The low- frequency
together on one strip. The one nearest the
coupler coils, L7 through L13 ,are close- wound
panel with 6 condensers is 6 inches long, the
one with 4 condensers is 4
inches in length and the small
COIL TABLE FOR BANDPASS TRANSMITTER
piece is 2 inches long. The
Dim., length,
13 & W
Coil Sparcondensers are fastened to
Coil Loh.
11 -ire
Turns
In.
In.
ing, In.
TypeNo.
the strips with small machine
screws through holes in the
8
34
Li, L3
1.18 20 tinned
3011
3i
Li, L2 — 54
condenser tabs. Underneath,
7, i,
0.99 20 tinned
7
—
L2
U
3011
the Millen 1-inch forms are
fastened to the strips with a
0.81 20 tinned
6
%
L.
3011
L3, 1,4 — U.
N
machine screw through the
24 tinned
4.1
15
Ls
3012 •
hole in the bottom of the
Ls, Lt) — Vi
l',
form, midway between asso34
2.26 24 tinned
10
1.6
-3012
1
6
ciated tuning condensers. In
the case of the 28-Mc, cou15.8
30 enam.
21
I
1.7
1.7. Ls —
16
-pler, the coils are soldered
1.,
9.8
26 enam.
16
I
directly to the condensermounting screws, ill a hori92.0
30 s.s.e
68
I
L9
"t2
-zontal position. Once the
30 enam.
42
I
L10,/.4152.5
'it
I. 10 L II — ',6
— ---correct spacing has been
1
found, the two coils are made
53.5
30 enam.
44
L12
1
q ' 142,143 — '4
rigid by joining them with a
I
12.0
30 enam.
37
L13
strip of polystyrene bridging
the tops of the coils and held
0 . 1 14 enam.
3
L14
-fast with cement.
itc,
3
2%
1.05 14 enam.
3906
LIS
Placement of this coupler
can be seen in the bottomI
'
5
2
3905
2.0
12 enam.
Lie
view photograph of Fig. 6-75.
IH
2t4
3406
The coils are mounted at right
11 enatn.
10
6.5
L17
angles to those of the 11I ,
39116
14 enam.
5.4
Lis
meter coupler immediately to
the rear of the bandswitch.
*End turn adjustable — see b.\ I.
7

'
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Ou tpu t Coils
The coils in the output circuit of the 829-B
and their link coils are made from strip-coil
material of larger size. The two coils are
mounted by their leads to small stand-off insulators, with their axes at right angles. One end
turn of L15 is broken away from the others by
severing all but the bottom insulating strip.
This permits the turn to be bent away from the
rest of the coil for accurate adjustment of the
inductance.
Tuning the

couplers

The driver stages should be adjusted in sequence, starting with the lowest- frequency
band. The high- voltage supply to the 829-B
should be turned off and the lead to the screens
of this tube should be disconnected temporarily. With the bandswitch in the 3.5- Mc.
position, set C34 at minimum capacitance and
adjust C35 until the oscillator signal is heard at
slightly above 4000 Ice. Then the oscillator
should tune over the range of about 3350 to
slightly above 4000 ke.
To adjust the first coupler in the output of
the oscillator, connect a high- resistance voltmeter across R22, move the two coils as far
apart as possible and adjust C41 and C44 for
maximum meter reading. After both circuits
have been peaked, do not disturb the settings
of the two condensers. Slide the movable coil
to give the coil spacing shown in the coil table
and then check the voltmeter reading as the
VFO is tuned through its range. The reading
should stay constant within 10 or 15 per cent
across the band. If the reading is high near
both ends and low in the middle of the band,
this indicates that the coupling is too tight and
the coils should be moved slightly farther apart.
On the other hand, if the readings show a peak
in the center of the band and the excitation
drops off too much
at the ends of the
range, the coupling
is too loose and the
coils should be
moved slightly closer
together. If the reading is much higher
at one end of the
band than at t
he

Fig. 6-75 — Bottom
view of the all-hand
bandpass exciter.
placement of parts is
discussed in the text.

other, this can usually be corrected by very slight
adjustment of the tuning condensers. Do not
change the condenser settings appreciably however, or it may upset the shape of the curve as a
whole.
VOLTAGE AND CURRENT TABLE FOR THE LOWLEVEL TUBES OF THE BANDPASS TRANSMITTER
Tube
6AG7
6AG7
6N7
6\7
6N7
ô\7

Freq., lie.

1•:,,

i.

1.7
3.5
7.
14.
27.
28.

150
i00
100
100
100
300

150
150

Es

— 12 —
6
— 35
—100
13
— 7021
—100
14
— 65
14

Is,

Ma.
8
20
22
20
29
30

The same procedure. is followed in adjusting
the coupler in the output of the 6AG7 amplifier, but this time grid current to the 829B can be used as the indicator. The grid current
should average 16 to 18 ma.
Next turn the bandswitch to the 7- Mc. position and connect the voltmeter across R18.
A 2.5-mh. r.f. choke should be used in series
with the voltmeter lead connecting to the grid.
Now adjust C28 until the meter readings follow the previous characteristic pattern. Then
loosen the coupling between L7 and L8 as
much as possible. Set the VFO to the middle
of the designated frequency range of this stage
and tune the two circuits to resonance as described previously, using the 829-B grid current as the indicator. Bear in mind that this
stage and the succeeding stages need cover
with essentially flat output only that frequency
range for which they are labeled in Fig. 6-72.
The 14-, 27- and 28- Me. couplers are adjusted
following the same procedure. The voltmeter
should be connected across the grid leak only
in these last three stages and no r.f. choke for
the meter lead is necessary.
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Fig. 6-76 — Circuit diagram of plate and bias
supply for the all-band
bandilass transmitter.
CI, Ci, (:3— 8-afd.
450-volt -wkg. electrolytic.
C4, CS — 1- µfd. 1000.
volt oil-filled.
RI— 25,000 ohms, 25
watts.
Ri — 25,000 ohms, 25
watts, with slider.
113 — 25,000 ohms,
watts.
14 — 5/25-h. 150-ma.
swinging choke.
L2 — 20-h. 150- ma.
smoothing choke.
L3 — 30-h. 40nia, filter
choke.
L4 — 5/25-11. 200 nia.
swinging choke.
1.3 — 10.h. 200- ma.
smoothing choke.
It — 150-watt 115-volt
lamp.
ji — 5-prong socket.
St, Si, S4 — 10.amp.
toggle switch.
Ti, Ti — 5-% olt 3-amp.
filament transformer.
T2— 300-y. d.c. 150.
ma. plate trans.
Ti —
4-amp.
filament transformer.
T8 — 600/750 v.d.c. 200-ma, plate transformer.
VR — VR-75 voltage.regulator tube.

Adjusting the Output Amplifier
Since there are no coils to change in the output tank circuit, the tuning of this stage is
quite simple. With the bandswitch turned to
the desired band, and reduced plate voltage
applied to the plate after reconnecting the
screen lead, the dual tank condenser is simply
tuned for the characteristic dip in plate current indicating resonance. The circuit tunes to
3.5 and 14 Mc. with the condenser near maximum capacitance. Resonance at 7, 27 and 28
Mc. will be found near minimum capacitance.
However, it is important that 3.5 Mc. and 14
Mc., and also 7 Mc. and 28 Mc. do not fall at
exactly the same settings, since this condition
may result in excessive fourth-harmonic output when the transmitter is working at the
lower of the two frequencies. The condition can
be avoided by adjusting the free turn on 1, 16.
A current and voltage table shows the approximate operating conditions for the lowlevel tubes. Under full load, the 829-B grid
current and grid voltage should average 12 ma.
and 70 volts, respectively, and the screen
should draw about 30 ma. at 200 volts. The
amplifier may be loaded to a plate current of
200 ma.
•
Testing the Audio Section
The power amplifier should be turned off (do
not forget to remove screen voltage) while the
audio system is undergoing the first test. After
amicrophone has been connected to Ji and the
low-voltage supply turned on, the output signal of the transmitter should be monitored by
means of a receiver. Modulation should be

115 V
.
A.C. Line

applied for this test and, with the receiver
tuned to an n.f.m. band, the deviation control
should be adjusted for a clean-sounding wellmodulated signal. It must be remembered that
this adjustment holds for one band only and
that the deviation control requires readjustment when the transmitter is switched to
another band. Less deviation is needed for the
higher- frequency bands. More extensive information on aligning n.f.m. units is given in
the chapter on frequency and phase modulation.
Total cathode current for the two audio
tubes is approximately 1.5 ma. and about 0.5
volt is developed across the cathode resistor of
each stage. I'late voltage for the speech-amplifier tube is roughly 30 volts and 25 volts
should be measured at the screen-grid pins of
both 6AK5s.
Testing the 100-1fc. Oscillator
Power for the 100-kc. crystal oscillator may
be obtained only by turning on the transmitter
supply. However, the transmitter can be disabled during the test by opening the key. S2
must be switched to the crystal position and a
receiver should he tuned to a harmonic of the
crystal. A short antenna connected to the oscillator-output terminal at the rear of the
chassis may be necessary if the receiver is
tuned to a high frequency and if the transmitter is enclosed in the cabinet. When the circuit appears to be working normally, the
oscillator may be brought to zero beat with
one of the WWV frequencies by means of C7.
Plate and screen potentials for the 6SH7
should be 150 and 50 volts, respectively. One
volt should appear across the cathode resistor,
Rfi, and the cathode current is 1ma.
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A Single- 813 Transmitter
Figs. 6-77 through 6-83 show diagrams and
photographs of atransmitter that can be operated
on all bands from 3.5 to 28 Mc. at apower input
up to 350 watts with reasonable assurance that
no TVI will result, even in fringe areas. Plug-in
coils are used throughout and, except for the 3.5Mc. band, where 3.5- Mc. crvt als are required, of
course, either 3.5- or 7- Mc. c• ystals may be used.
An 813 is used in the final amplifier. This is driven
by a 6V6 buffer-doubler and a 6AG7 modified
Pierce crystal oscillator. C3 has sufficient range of
capacitance to cover two adjacent bands with
the same coil, simplifying band changing. Possible instability in the 6V6 stage, when working
"straight through" at the crystal fundamental,
is avoided by disconnecting C
3and plugging in
an r.f. choke at L
I, so that the input circuit of
the 6V6 is untuned. Otherwise, C3 is connected in
circuit automatically by ajumper in the base of
the coil form (see Fig. 6-81).
Provision is made for VFO input to the crystal
stage if desired. The key is in the oscillator circuit.
A 6Y6G clamper tube holds the input to the
813 at asafe level when excitation is removed. An
important provision in the circuit is the excitation
control, R6. It permits limiting excitation to the
level necessary for efficient operation without excessive harmonic output. The screen of the 813 is
operated from the low-voltage supply for the
oscillator and buffer-doubler stages. The separate
terminal is to permit the screen to be disconnected
during preliminary adjustments of the exciter
stages. Filament transformers are included in
the transmitter and all power leads are filtered for
v.h.f. harmonics.

Fig. 6.77 — The panel
of the 813 transmitter
is 12% inches high.
The meters are sub.
mounted on a piece of
3
,inch
Preadwood,
93j by 27,,'r3 inches and
the openings are covered with a piece of
screening. The control. for Cis and the
link-coupling adjustrelent are to the right.

Constructional Details
Most of the constructional details may be obtained from the photographs and their captions.
If painted panel and chassis are used, it is of first
importance that the paint be removed wherever
good contact to the shielding or other parts is
required. This includes the area where the 813
socket mounting is placed. This is done easily by
using paint remover and later sandpapering.
Also of extreme importance are the by-pass
connections at the 813 socket. The tubular
condenser mounted horizontally across a portion
of the socket is C13, the " Hypass" unit used as
screen by-pass. The mounting clamp is unsoldered
from the condenser so that its case can be soldered
directly to Terminals 1and 2of the tube socket.
Terminal 1 is one side of the filament, and
Terminal 2, which has no circuit connection, is
used merely for mechanical support. One of the
axial leads of the condenser is then connected to
Terminal 3, the screen grid, and the other goes
to the screen-supply lead. Note that this arrangement returns the screen-grid by-pass to one side
of the filament instead of to chassis ground.
Filament by-pass condensers, C11 and C12,
are mounted as close as possible to Terminals 1
and 7 with short ground leads, thence going
to the aluminum bracket. The center-tap lead
from the filament transformer is connected
directly to the beam-forming plate terminal on
the socket, where the ground connection is made.
Plate by-pass condenser C1.1 is mounted
between the frame of the tuning condenser and
a soldering lug bolted to the bracket that supports the 813 socket. The ground connection is
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Fig. 6- 78- Schematic diagram of the transmitter. Socket connections for plugin coils Li and L2 are shown. For connections to the coil pins, see Fig. 6-81.
Cm, Cm, C25 - 0.005- mfd. disc ceramic.
Cs, Cfi, Cie, C22, C23- 0.01-µfd. disc ceramic.
C3 - 200-ppfd. receiving variable ( Millen 19200).
1:4, C7, C. Cii, 1:12, C17 - 0.001-pfd. dise ceramic.
C5 - 100-µpfd. mica, 500 volts d.c. working.
Cs - 100-ppfd. receiving variable ( Millen 19100).
Cio - 100-pmfd. •a, 1000 volts d.c. working.
C13 - 0.005-pfd. 1000 volts ( Sprague " Ilypass").
C14 - 0.001-pfd. mica, 5000 volts d.c. working ( lerovox
1654).
Ci 5 - 100-ppfd.-per-section variable, 3000 volts peak
(National TMC-100-1)).
Cis - Neutralizing
lenser; see text.
C24 - 0.002-pfd., 5000 volts d.c. (Sprague " II ypass").
C26, C22 - 0.1-pfd. 250 volts a.c. (Sprague "Ilypass").
lii - 15,000 ohms, '
A watt.
112 - 330 ohms, 1watt.
113 - 33,000 ohms, 1watt.
114 - 47,000 ohms, Iwatt.
Ro - 500 ohms, 2 watts.
Ils - 75,000-ohm wire-wound potentiometer, 7 watts.
117 - 25,000 ohms, 10 watts, wire-wound.
- 10,000 ohms, 10 watts, wire-wound.
- 100 ohms,
watt.
It - 2500 ohms, 10 watts, wire-wound.
- Oscillator plate coil:
- 3.5-7 Mc. - 10 ph.; 28 turns No. 22 d.s.c.
close-wound on 1-inch diam. form.
- 7-14 Mc. - 2.3 ph.; 10 turns No. 22 d.s.c.
spaced to occupy 74'e inch on 1ineh diam. form.
- Untuned - 750 ph.; 33-ma. r.f. choke ( National 11-33) mounted inside coil
form as shown in Fig. 6-81).
Forms for above coils are Millen 45005.
L2 - Doubler plate coil:
-3.5 Mc. - 17 ph.; 23 turns No. 18 d.s.c. close-

wound on 1A
1 -inch diam. form.
- 5.2 ph.; 12 turns No. 18 d.s.c.
spaced to occupy 1 inch on
inch diam. form.
- 14 Me. - 1.8 ph.; 7turns No. 18 d.-. c. spaced
to occupy 1inch on 112.ioch diam.
- 28 Mc.
- 0.5 µ11.; 4turns No. 18 d.s.c. spaced
to occupy I inch on I- inch diam.
Forms for above coils are National X11-5, except
28-Mc, which coil uses Millen 45005.
L3 - Amplifier plate coil:
(All are 13 & V.
g data,
except inductance, given below are for each
half of coil.)
- 3.5 Mc. - 80 TVI., 43 ph.: 20 turns No. 16,
2A
1 -inch diam., 2 inches long.
7 Mc. - 40 TV I.. 15 ph.; 11 turns No. 12,
2 2inch diam., 2 inches long.
- 14 Mc. - 20 TVI.: one turn rentoved front
each side, 4.2 ph.: 4 turns No. 12,
23.4inch diam., l % inches long.
- 28 Me. - 10 TVI.; one turn removed from
each side, Iph.; 2 turns No. 6, 23/8inch diam., 13
./4 inches long.
1.4 - Shielded link, 3 turns ( 13 & W 3583).
J: - Coaxial input jack (Jones 5-101-D).
J2 - Coaxial output jack ( Amphenol 83-11R).
J3 - Closed-circuit jack.
MA I - 0-100 ma. d.c.
M A2 - 0.50 ma. d.c.
M A3 - 0.500 ma. d.c.
11FC1, RFC2, RFC.3 - 2.5-mh. 100-ma. r.f. choke.
11FC4 - 1.4 mh., 500 ma. ( Millen 34140).
IlleCs to RFCto - 0.7-ph. choke (Ohmite Z-50).
Si - Rotary wafer switch, 2 poles, 5 positions, ceramic.
Tm - 6.3-volt filament transformer, 3amp.
S-55).
- 10-volt transformer, 5amp. (Thordarson T21F18).

made close to the spot where the filament by-pass
condensers are returned, and a heavy lead made
from h-inch copper strap makes the connection
from the " hot" side of C14 to the tuning-condenser frame. The high-voltage lead passes from
this junction point through the chassis in a

h-inch ceramic bushing ( Millen 32103) to RFC4
inside. In addition, the high voltage is applied to
the stator of C15 through the center tap of the
plate coil, L3. Connection from this point to
iffe 4 is made through a second h-ineh ceramic
bushing that is visible in the bottom view.

-

7 Me.

Tv'. series. % findin

(
urc

Fig. 6-79 — The chassis for the 813 transmitter is 10 by 12 by 3 inches, with the
12-inch length along the panel. Cis is
mounted on 1%-inch cone insulators, with
the lower feet against the chassis and the
upper ones against angles fastened to the
top of the chassis. Angle pieces under the
tipper feet support the coil jack bar. The
813 is mounted horizontally with its
socket set in a bracket 3.3
4 inches square.
CIS consists of two strips of metal e/(4 by 2
inches mounted on pillars behind the
socket. One piece is bent to give a spacing
of about Y2 inch. lens is to the right.
The crystals, oscillator tube and coil are
to the right, the buffer-doubler to the
rear. The meters are enclosed in ashielding
box. Paint is removed from the chassis
where needed to provide good contact with
the shielding.

Adjustment and Operation

The circuit diagram of asuitable power supply
for this transmitter is shown in Fig. 6-83, although, of course, it is not necessary to operate
the 813 at maximum rated plate voltage.
The only critical adjustments needed are to be
certain that the small plug-in coils cover the
proper ranges, and to neutralize the 813. If
the coil specifications set forth in the parts
list are followed closely, it will be possible
to tune the plate circuit of the 6AG7 to either
3.5 of 7 Mc. with the first coil, and to either
7 or 14 Mc. with the second. Resonance in
both the 6AG7 and 6V6 stages is indicated by
MA I,which is connected in the common supply
lead. With the desired coils in place, the excitation
control set fully clockwise and the key closed,
apply plate voltage ( between 350 and 400 volts
d.c.) to the exciter stages. Turn the oscillator
tuning condenser until the meter kicks upward,
indicating that the 6V6 stage is being driven.
Next, turn the 6V6 plate-tuning condenser until
the meter reading dips, indicating that the stage
is tuned to resonance. Now, touch up the tuning
of the oscillator stage slightly. This readjustment
will produce a slight additional reduction in the
current indicated. At this point the 6V6 should
be driving the 813 stage into grid current, as

•
big. 6-80— View of the 813 transmitter
with bottom plate removed. The chassis is
fastened one inch from the left-hand
edge of the panel. From left to right, the
crystal switch, Cz and CSare mounted on
brackets, these for the latter two being
insulated. Re is mounted on the panel.
Tz is to the right, while the terminals of
Tt may be seen through the clearance hole
above. RFC4 is above Th. The 61 .6G
socket is above Cs. All power wiring is
done with shielded wire and by-passes
are connected as recommended in the
chapter on TV!. All v.h.f. filter components are mounted directly at the
power terminals. The h.v. line goes through
the end of the chassis through feed- through
insulators.

indicated by MA 2. Depending on the band
selected and the plate voltage applied to the
exciter stages, grid current will be at least 15
ma. ( It will probably run considerably more
than this except in the case of 28- Me. operation.)
Now adjust neutralizing condenser Cts to
obtain minimum feed-through of r.f. from the
exciter stages to the final-amplifier tank circuit.
To do this, couple an indicating wavemeter to
the tank circuit, tune the circuit to resonance,
and adjust C16 by bending or trimming the
plates to obtain minimum indication.
Once the amplifier is neutralized, connect
a dummy load to the output circuit. This is
best done by connecting an antenna coupler to
the swinging link of the amplifier through a
short length of RO8/U coaxial cable, and then
tapping a 250- or 300-watt lamp bulb across
afew turns of the coil in the coupler. Apply plate
and screen power to the 813, and resonate
the tank circuit as indicated by a sharp dip
in the current shown by MA s. This should
be done quickly, because the off-resonance
plate current will exceed 300 ma., (lipping to a
very low value at. resonance. Load the amplifier
by adjustment off the antenna tuner and the
swinging link until plate current of 200 ma. (tr
slightly more is indicated. Now open the key. " 1.
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Fig. 6-81 — Connections for Li, the oscillator plate coil.
The arrangement used for operation in all except the
3.5- Me, band is shown at A. The juniper, which is soldered inside the coil form, connects the coil to tuning
condenser C3. In II, used only for 3.5- Mc. operation, the
jumper is omitted, which disconnects the tuning condenser from the circuit, and an r.f. choke is substituted as an
untuned plate impedance to keep the 6V6 stage st able
when operating straight through.

the clamp tube is operating
properly, plate current in the 813
stage will drop to about 40 ma.,
and the current in the first two
stages will be about 45 ma. Grid
current in the 813 stage under
these conditions should lw zero.
To check for stability of the 813
stage, rotate the plate condenser
slowly through its entire range,
at the same time watching for
any change in plate current, and
for any indication of grid current. If a change takes place, or
If grid current flows, check with a
wavemeter to find the frequency
at which the stage is oscillating.
If it is near the operating frequency, readjustment of the neutralizing condenser is called for.
If oscillation is in the v.h.f.
range, the usual cures for such
paratics should be applied.
A low-pass filter such as that
described in the chapter on TVI,
or one of those available commercially, should be installed in
the coaxial line between the

transmitter and the antenna coupler in all areas
where TV receivers are nearby.
With the 813, there is no point in running the
grid current beyond 15 ma. Good efficiency can
he obtained with this level of excitation, or even
less, and inereased excitation van accentuate the
generation of v.h.f. harmonies. Under test in a
fringe area, with aTV receiver in the same room,
faint interference was noticed when operating at
28,050 ke. until the grid current was reduced to
10 ma. At frequencies above 28,500, grid current
could be increased to 15 ma. with no interference.
If a.m. ' phone operation of the transmitter is
desired, a small iron-core choke should be inserted in the screen-grid supply lead as described
in the chapter on radiotelephony.

Fig. 6 83 — ercuit of a suitable power supply for the 813 transmitter.
Ci, C2 — 4- afd. 2000-volt oil- filled.
Ca, C4, C5 — 4. 5fd. 600- volt electrolytic.
iIi — 25,00i) ohms, 200 watts.
11 2 — 15,000 ohms, 10 watts.
1,1 — 5/25-It. 300-ma, swinging filter choke.
— 20-11. 300- ma, smoothing
choke
1.3, 1.4 — 7-h. 150-ma, filter choke.

Ii — 150-watt lamp ( Low-power
tune up)
Si, S2 — I0-amp. switch.
S3 - 3-amp. switch.
Ti — Filament transformer: 2.5
volts, 10 amp.
T2 — Plate transformer: 2000 volts
d.e., 300 ma.
- Power transformer: 375-0375 r.m.s., 150 ma.; 5volts,
3 amp.

•
Fig. 6.82 — The shielding enclosure for
the 813 transmitter is made up of altiminom sheets fastened together with strip:
of angle stork, which are tapped for tb.•
screws. A hinged door covers the 1
that protide access to the plue in roll ,.
The large opening to the left is I1.
1 incites
square. the other two are 3 by 1. incites.
The sen tilating holes over the tubes are
covered undernea th with screening. The
hua panel is also rut out to clear the
terminais set in the rear of the chassis, as
shown in Fig„ 6-79.

•
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A 175-Watt Transmitter for the 160- Meter Band
A single transmitter that will cover the extremes of 1.8 and 28 Mc. necessarily must
involve considerable compromise as well as
complication. From several considerations, it
is not only preferable, but also economically
feasible, to build aseparate unit for 160 meters,
since it can be simple and straightforward.
In most instances, operating conditions may
be chosen so that the 160-meter unit will operate from the same power supply as the higherfrequency transmitter, if the station has one.
An example is shown in Figs. 6-84 through
6-88. Because the 1.8- Mc, band is divided into
narrow slices, crystal control is preferable to
reduce the danger of out-of-band operation.
The oscillator circuit in this case is a modified
Pierce with a separate untuned plate output
circuit. C3 is afeed-back-adjustment condenser.
The 6L6 stage provides the necessary buffering between the oscillator and the final amplifier for ' phone operation. There is no danger
of oscillation at the fundamental in the buffer
stage because its input circuit is untuned.
Since the frequency range to be covered is
small, the output circuit of this stage is easily
broadbanded. Thus only a single tuning control is required for the entire transmitter.
The triode final amplifier is a conventional
arrangement with a capacitive-divider plate
neutralizing circuit. The d.c. connection to
the rotor of the tank condenser through RFC 6
makes it possible to use a condenser with
half the peak-voltage rating that otherwise
would be required. RFC 5 is a v.h.f. parasitic
suppressor.
For c.w. operation, the oscillator is keyed
in the cathode circuit. 14 provides protective
bias for the buffer stage.
The layout is suitable for any of the usual
triodes with plate-cap connection, operating
at plate voltages up to 1500 with a platevoltage/plate-current ratio of 10 or greater.
If a tube with a 6.3- volt filament is chosen,
only a single filament transformer is needed.

Fig. 6-84 — Front view of a
175-watt transmitter for the
160-meter band. Only one
t
llll ing control is needed, plus
a small knob used to adjust
the setting of the swinging
link on the output coil.

Construction
The unit is assembled on an 8 X 17 X 3- inch
chassis with an 83
%-inch panel. Most of the
constructional details are evident from the
photographs. The output-stage tank condenser
is mounted on ceramic pillars and its shaft is
fitted with an insulating coupling. The condenser is placed on the chassis so that its dial
and the milliammeter will be symmetrical in
respect to the center of the panel. The tank
coil is a homemade affair wound in two equal
sections on separate Millen type 44000 polystyrene forms, each cut down to a length of
232 inches. The outer end only of each section
is fastened to a 1%-inch cone insulator, and
the two sections are placed with their inner
ends an inch apart. Additional bracing is provided by the No. 14 wire leads from the inner
end of each section to the plate r.f. choke,
RFC,, mounted near the center. After winding the turns are cemented in place with coil
dope.
The output link ( 8 turns of No. 18 d.c.c.
should be satisfactory) is wound on a 3%-inch
length of leftover form. A length of 34-inch
polystyrene rod is cemented to the inside surface of the link form. This shaft then runs
through apanel bearing fitted with a National
type RSL shaft lock which provides an adjustable friction for the shaft. A knob on the
shaft provides a means of adjusting the coupling from the panel.
The neutralizing condenser, Cr,,, is placed
close to the tube, between the tube and the
panel. C15 should not be less than the value
specified, nor larger than 0.005 µfd., if the amplifier is to be plate-modulated.
All components for the exciter stages, except
the two tubes and crystal, are placed underneath the chassis. These include the plate tank
circuit of the buffer stage. C7 is mounted so
that it may be adjusted with a screwdriver
from on top. L1 is wound on a Millen 1-inch
plastic form and is placed alongside the con-
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Fig. 6-85 — Bottom view of the 160.
meter transmitter. The oscillator tube
socket and its related parts are in the
upper left corner. The 6L6 and the final.
amplifier tube are mounted in a line
through the center of the chassis, with
the plate coil for the 616 supported on a
bracket between the two stages. The
parasitic-suppressing choke is mounted
between the grid terminal of the amplifier
socket and a ceramic stand-off insulator.

denser on a bracket that spaces it from the
chassis on all sides.
For convenience in changing crystals, the
crystal socket is mounted on the front edge of
the chassis, at the left. Clearance holes for
both the crystal socket and the key jack are
cut in the panel.
The placement of the filament transformers
is not critical, except that they should not be

so far from the tube sockets that
excessive voltage drop results
through the wiring. In this case it
was convenient to place one on
top of the chassis and the other below. Terminals are provided across the back for high
voltage, low voltage, bias and ground. An a.c.
eord makes the line- voltage connection to the
filament-transformer primaries.
Fig. 6-87 shows the diagram of a suitable
power supply in case aseparate supply is necessary or desirable. Control circuits are included.

CI

Fig. 6-86 — Schematic diagram of a single-control 175-watt transmitter for the 160-meter band.

CI— 0.001- 51d. mica, 400 volts.
C2, CS, Ce, C12, C13 — 0.01- 51d. 600-volt paper.
C3— 10-jijifd. mica. See test.

C4, Cs — 100-j,jird. mica.
C7— 50- 55 1d. variable ( National PSR-50).
Co, C11 — 0.0068-dil. mica, 500 volts.
— 220-pad. mica. 600 volts.
C14 — 100-jimfd.-per- ,i.i.tion dual transmitting variable,
0.070 air gap {, 30(10 volts peak). ( National TM C100- D.)
:15 - 0.0035- el. mica, 5000 volts.
( : • — Neutralizing condenser, 0.8-10pmfd. ( NC-800-A).
Iii — 15,000 ohms,
watt.
112 — 330 ohms, 1watt.
II, — 39,000 ohms, 1watt.
11 4 — 22,000 ohms, !/¡ watt.
li — 600 ohms, 2 watts (two 1200-ohm 1-watt units in
parallel).
116 — 10,000 ohms, 5 watts.
— 46 turns No. 26 d.s.c. close-wound on 1-inch
diam. form.

1.2 — Each half consists of 46 turns No. 20 d.s.c. closewound on a174-inch diam. form ( Millen 44000).
The two halves are mounted so that there is
inches between windings to permit passage
of the link coil. I.ink: 8turns No. 18 d.c.c. closewound on 1%-inch diam. form made of same
material as the main coil form.
li — 6.3-volt panel lamp.
.11— Closed-circuit jack.
— 0-300 ma. d.c. meter.
RECI through REC4 — 2.5-mh. r.f. choke ( National
R - 100-S).
RFC3 — 21 turns No. 26 d.s.c. close-wound on etinch
diam. form (a 1-watt resistor of any high value
may be used as the form).
RFC6 — Transmitting r.f. choke (Millen 34140).
Ti — 6.3-volt 3-amp. filament transformer (Stancor
P-6014).
Tz— 7.5-volt 4-amp. filament transformer (UTC S-56)
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currents of the oscillator and buffer ( 100 to
120 ma.). However,
c2T
R,
Tc,
there should be a
-400
5Z3
usable dip in current
5Z3
3
when C7 tunes the
3
a,
buffer tank circuit
BI
AS
through resonance. If
4
R5 A "
R3
R4
the circuit is tuned to
I
3
2 2
1850 kc., it will not
need readjustment for
VR 5
5
vR
any frequency between
=
=
1800 and 1900 kc.
+,500»zso
Similarly, if it is initially adjusted for 1950
kc., it will cover the
1900- to 2000-kc.
range.
The proper bias adjustment for the final
Fig. 6-87 — Circuit diagram
amplifier will depend
of plate and bias supply
for the 175-watt 160-meter
upon the type of tube
866
transmitter.
used. Any additional
operating bias voltage
II 5V. AC.
F
OR FI
LS .
above 75 volts is ob54
II SV. A.
C.LIN E IN TRAN SMITT ER
tained by grid- leak
CI, C2, Cs —
600-volt-wkg. elec.
Ii — 150-watt 115-volt lamp.
action from R6 in the
C4, C5
4-pfd. 2000-volt oil-filled.
St, S3, S4— 10-amp. toggle switch.
power supply. The reRI— 25,000 ohms, 25 watts.
S2 - 5-amp. toggle switch.
sistance at which R6
112 — 30,000 ohms, 10 watts, with slider.
Ti. Ts — 5-volt 3-amp. filament trans.
should be set can be
113, RS — 47 ohms, 1 watt.
former.
Rs— See text.
T2 — 400-v. d.c. 225-ma, plate transdetermined by sub116 - 25,000 ohms, 150 watts.
former.
tracting 75 from the
1.1— 5/25-hy. 150-ma. swinging choke.
T4 — 2.5- volt 10-amp. filament transrated operating bias
1.2— 20-hy. 150-ma. smoothing choke.
former, 10,000-volt imolzition.
1.3— 30 by. 75-ma, filter choke.
Ts — 1750/1500/1250-v. d.c. 200-ma.for the tube used and
L4 - 5/25-hy. 200-ma, swinging choke.
or-more plate trans.
dividing the remainder
VR — V11-75 voltage-regulator tube.
Ls— 10-by. 200-ma. smoothing choke.
by the rated grid current in amperes. The amplifier should be
Adjustment
neutralized before applying plate voltage.
If the transmitter is to be used for c.w.
If necessary, the size of L2 should be adjusted
operation, it may be desirable to experiment
so that resonance occurs with the tank conbriefly with C3 to obtain best keying characdenser set near maximum capacitance.
teristics. It may be found that a different caThe choke, RFC5,should be the only means
pacitance will work better with some crystals,
necessary to suppress v.h.f. parasitic oscillawhile with others the condenser may not be
tion if a Type 5514 tube is used. Other tubes
needed at all, or that the keying will be bet ter
may require circuit alterations.
with C3 connected from grid to
ground, rather than from screen
to ground.
With the oscillator running, the
d.c. voltage across the buffer grid
leak, R4,should be 90 to 110 volts.
A milliammeter placed in the 400.
volt lead will read the combined
L,

Lz

C

Fig. 6-88 — Rear view of the 1.8- Mc.
transmitter. The construction of the amplifier plate coil and its swinging link is
shown at the left. The plate r.f. choke
and the plate by-pass condenser are
mounted underneath the main tuning
condenser, which is supported by 1-inch
stand-off insulators. An insulated coupling is used between the rotor shaft of
the condenser and the panel control. The
neutralizing condenser is visible behind
the amplifier tube.
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CHAPTER 6
A Simple VFO

The details of a simple VFO with output at
1.75, 3.5 or 7Mc. are shown in Figs. 6-89 through
6-91. In the circuit, shown in Fig. 6-93, a Type
5763 miniature pentode in aseries-tuned Colpitts
oscillator circuit drives a similar tube as an
amplifier or doubler. The output circuit of the
oscillator stage is broadbanded through the use

crystal-oscillator stage of the transmitter.
To simplify the bandspread problem, the oscillator tuning range is restricted. At 3.5 Mc. a
range of approximately 250 kc. is covered. For
c.w. operation in this band, the band-set condenser, C2, is set so that the tuning coadenser,
C1,covers approximately 3500 to 3750 kc. For
operation in the ' phone portion of the band, C2
is reset to shift the range to approximately 3750
to 4000 kc. Corresponding ranges are provided
at the harmonics, and the oscillator can be tuned
low enough ( by C2) to cover the 11-meter band
with appropriate doublers.
Construc tion

of self-resonant slug-tuned coils at L2,and frequency may be doubled in this circuit, as well
as in the output circuit, to obtain 7- Mc. output.
For 3.5- Mc. output, frequency may be doubled
in either stage. The nominal output is approximately 2watts — sufficient for driving the usual

The unit is built in a 5 X 6 X 9-inch steel
box with cap-type covers. The components are
assembled on an aluminum-sheet base supported
by sections of aluminum angle stock that hold the
base halfway between the two covers. On top,
the tuning condenser, C1,is fastened directly to
the base along the center line. The shaft is fitted
with a National Type AM vernier dial. The two
tubes and L2 are in line to the right in Fig. 6-90
with the output tank coil, 14 ,to the left of the
amplifier tube. The L2 coils are wound on Millen
Type 74001 shielded slug-tuned forms.
Underneath, in Fig. 6-91, the band-set condenser, C2, is mounted against the front of the
box. A short lead through a feed-through point
or clearance hole connects the stator of C2 to
the stator of C1 above. L1 is wound on a Millen
1-inch coil form and is placed immediately to the
rear of C2. The output tank condenser, CH ,is
mounted on a bracket with its rear stator termi-

Fig. 6-90 —" Ile top of the simple V120 showing the
oscillator tuning condenser, the tubes and plug-in coils,

Fig. 6-91 — Bottom
iew of the simple NFU showing
the arrangement of parts underneath.

Fig. 6-89 — A simple VFO delivering output at 1.75,
3.5 or 7 Mc.
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VFO

AMP—DBLR,

Fig. 6-92 — Circuit diagram of the simple VFO.
Ci — Approx. 15-ppfd. variable ( Millen 19025 with all
but 1rotor and 2stators removed).
C2 — 100-pmfd. variable (
Millen 22100).
C3, C4— 0.001-pfd. silvered mica.
C5, CO, CI5 — 100-mpfd. mica.
C; C5, CII, C12 — 0.01 -pfd. disk ceramic.
C10, CI3 — 0.001-pfd. disk ceramic.
C14 — 140-upfd. variable ( Millen 22140).
RI, R2 — 47,000 ohms,
watt.
Li — 62 turns No. 30 d.s.c., 1inch diam., close-wound.
Li - 1.75 Mc. — 210 turns No. 36 d.s.c., % inch diam.,
close-wound ( Millen 74001 form).(300 ph.)
— 3.5 Mc. — 126 turns No. 30 d.s.c., 3% inch diam.,

close-wound ( Millen 74001 form). (75 ph.)
I. — 1.75 Mc. — 55 ph. — 45 turns No. 22 d.c.c..
13/2 inches diam., close-wound ( National AR1780E).
— 3.5 Mc. — 16 ph. — 20 turns No. 22 d.c.c., 1q
inches diam., close-wound ( National AR1740E).
— 7Me. — 5ph. — 12 turns No. 22 d.c.c., 1 ,q inches
diam., % inch long ( National AR17-20E).
1 — Chassis-mounting octal plug.
J2, Ja — Female coaxial connector (Jones S101-D).
RFC: — 2.5-mh. r.f. choke ( National 11-50).
RFC2, RFC3 — 2.5-mh. r.f. choke (standard ty pe).

nal close to the coil socket. It is placed so that
its insulated shaft-extension control will balance
up with the control for C2 in front.
The various r.f. chokes and fixed condensers
are grouped closely around the sockets with
which they are associated in the circuit. All power
wiring is done with shielded wire and coaxial
output terminals are provided at the rear for
either capacitive or link coupling. Key and power
connections are made through the octal plug.
Several ventilating holes are cut in the longer
sides of the box and also in the top cover.

Then C1 should cover the range from 3750 to
approximately 4000 kc. Repeat the process,
setting C2for about 3350 kc. to obtain the proper
range for 11 meters.
To adjust the remainder of the circuit, turn
the slug of L2in full. Touch a small neon bulb
to the capacitive output terminal and adjust C14
for maximum indication. Check the output frequency with a wavemeter, since indications may
be obtained at any multiple of 1.75 Mc. When the
VFO is connected to a following stage, C14 and
L2 should be adjusted for maximum grid current.
For capacitive output coupling, connection is
made at Ji, while ./3 is provided for link coupling.
With capacitive coupling, the output tank circuit
should resonate with coaxial-cable lengths up to
five or six feet. The frequency should be rechecked, since the setting of C14will be influenced
somewhat by the length of the coaxial cable with
capacitive coupling. CI4 may require an occasional touch-up in tuning the VFO across the
band. A milliammeter connected in series with
the key should read approximately 40 ma.; about
half of this is taken by the oscillator screen and

C.,

Adjustment
The unit requires a regulated 150-volt supply.
The supply diagrammed in Fig. 6-93 is suitable.
First adjust RI,Fig. 6-93, to the maximum resistance that will permit the VR150 to stay ignited
when the key is closed. Then, listening on acalibrated receiver, close the key, set C1 at maximum
capacitance and adjust C2 until the oscillator
signal is heard at 3500 ke. Tuning CIshould
then cover the band up to about 3750 kc. Mark
the setting of C2,set C1 at maximum again and
adjust C2 until the signal is heard at 3750 kc.

plate circuits.
Fig. 6-93 — Circuit diagram of a
power supply for the simple NFO.
CI,C2 - 16-mfd. 450-volt electrolytic.
RI— 5000 ohms, 25 watts, adjustable.
Li. Li — 10-h. 50-ma, filter choke.
Ji — Octal socket.
Si — 3-amp. toggle s% itch.
Ti — Power transformer: 325-0325 volts ran..., 40 ma.;
6.3 volts, 2 amp.; 5 volts,

2amp.
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A Silenced VFO for Break- In C.W.

Unfortunately, there is no known practical
way in which an oscillator, particularly of the
VFO type can be keyed without acompromise in
respect to clicks or chirps. Steps taken to eliminate one will aggravate the other. In the VFO
unit shown in Figs. 6-94 through 6-97, the
oscillator is not keyed, but allowed to run continuously while a subsequent amplifier is keyed.
The signal from the oscillator is suppressed by
proper shielding and circuit design, so that it
does not interfere with reception on any frequency, including the operating frequency, even
with the receiver r.f. gain control at maximum.
Any desired shaping of the keyed signal can be
applied to the amplifier without introducing
chirps.
A diagram of the system is shown in Fig. 6-95.
A very low-power high-C Hartley oscillator ( 15
to 20 volts at the plate), using a 6BD6 and
operating in the region of 875 kc. drives asecond
6BD6 as a strictly Class A isolating amplifier at
the same frequency. The Class A stage, in turn,
drives a 6AG5 doubler to 1750 kc. This stage is
keyed by the blocked-grid method. Thus, until
the key is closed, most of the signal is confined
to 875 kc. Further supression of harmonics from
the oscillator is obtained by omitting the cathode
by-pass condenser in the Class A stage, thereby
introducing a slight amount of degeneration.
The output circuits of both the oscillator and
buffer are broadbanded, and require only initial
adjustment. The output circuit contains abandpass coupler, thus preserving single-control tuning throughout.
Construction
The photographs of Figs. 6-94 and 6-06 show
one method of construction. The unit is housed

in a standard 5 X 6 X 9-inch steel utility box.
Small rubber shock mounts are bolted to the
bottom cover of the box so that the entire assembly can be mounted on a chassis close to the
input circuit of the transmitter it is used to drive.
Parts layout within the box is not critical, and
may be changed from the arrangement shown in
the photographs to meet individual preferences,
provided that certain considerations are kept in
mind. It is desirable to have as much isolation
as possible between stages to eliminate stray
coupling of the oscillator harmonic to the output
circuit. For this reason all heater and d.c. supply
leads are made with shielded wire, with the
shield braid grounded at several points.
Most of the parts are mounted on an aluminum
shelf cut to fit snugly inside the box, and spaced
1% inches from the bottom. The interior of the
bottom is divided into two compartments by a
shield as shown in the photographs. The larger
compartment contains the oscillator circuit, and
the smaller the Class A and doubler stages.
The coils in the smaller compartment should be
mounted at right angles to one another.
In the top view, Fig. 6-94, the oscillator tube
is at the right of the main tuning condenser, the
Class A stage at the left, with the doubler centered about 1% inches in from the left hand edge.
The adjusting screws for L2 and L3 are visible
between the tubes. Band-setting condenser C2 is
mounted at right angles to the main tuning condenser, with its adjustment shaft projecting
through the right hand side of the case. The
oscillator coil is mounted on a ceramic insulator
adjacent to the tuning condensers. An extension
shaft is brought out from the rear of C1 so that
additional stages may be ganged to the oscillator
tuning condenser if desired.

Fig. Ó.),I — Top iew of the
sih•need FO with rover reTom ed. The dial is a Millen
pe 1(5)35.
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Fig. 6-95 — Circuit diagram of the silenced VFO.
— 140-µµfd. variable ( Millen 19110).
C2 — 200-µdd. variable \Iillen 19200).
C3— 680-µµfd. silvered
C4,C7, C11 — 100-551d. mica.
Ca, Co — 68-µµfd. mica.
C6, C11, C10, C13, C18, C19 — 0.005-µfd. disk cer.onie.
C13— 0.05-pfd. paper.
C14, Cis — 30-ppfd. mica
r.
( : 16— 25-ppfd. mica.
C19 — 33-umfd. mica.
lir — 47,000 ohms, V watt.
112, 114 — 10,000 ohms, g watt.
113 — 47,000 ohms, 1watt.

Adjustment and Operation
Some adjustment of the amount of fixed capacitance used in the oscillator circuit may be re(luire(' to permit tuning the range 875 ke. to
1000 kc. With the values shown, only the c.w.
portion of the 3.5- to 4-Mc, band will be covered
by C1.This results in greater bandspread, but if
full coverage is desired, the 200-pmfd condenser
should be used as C1,with the 140-gel unit for
C2. A wide range of frequencies, including the
11-meter band can be covered by readjustment
of the band setting condenser Ca.
The most important adjustment is to make
sure that the Class A stage is operating true
(lass A, because if grid current flows in this

Fig. 6-96 — Bot tom view
of the silenced
FO.

115 — 330 ohms, 1watt.
R6 — 0.1 megohm, g watt.
R7 — 0.22 megohm, g watt.
Rs — 0.25-mcgohm potentrometcr.
Li — 32 ph. — 47 turns No. 2-1 d.s.c., close-wound, I
inch diam., tapped 1-1 turns from ground end.
L2, L3 — 430 5 11. (CTC 1S-3, 1 Me.)
1L4 — 44. µh. — 37 turns No. 30 enam., 1 inch diarn.,
close-wound.
1.5 — 45 — 40 turns No. 30 enam., 1 inch diam.,
close-wound on same formas 14, spaced approx.
3
46

inch.

stage, the oscillator harmonie will be heard in
the receiver even when the key is opened, defeating the purpose of the unit. To do this,
resonate the plate circuit of the oscillator in the
center of the desired tuning range. Then do the
same for the plate circuit of the Class A stage.
If no wavemeter capable of tuning the required
range is available, areceiver tuned to the broadcast band can be used. Connect a low- range
voltmeter, through a 2.5-mh. r.f. choke, across
cathode resistor 11 5 of the Class A stage. About
3volts bias should be indicated. Now pull the oscillator tube out of its socket. The voltage read
across R5 will remain the same if Class A conditions are being met. If they are not, reducing
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Fig. 6-97 — Circuit diagram of a
suitable power supply for the
silenced N FO.
C I, C2,
Ca — 40-Mid. 450-volt
electrolytic.
R I— 10,000 dims, 25 watts, adjustable.
142 — 5,000 ohms, 10 watts, adjustable.
1.1, 13, 1.3
15 hy., 50 ma.
St — S.p.s.t. toggle.
Power transformer: 600-0600 volts r.m.s., 50 ma.;
6.3 volts, 2.5 amps.; 5
volts, 2 amps.

Ti -

oscillator output by increasing the size of R3, or
decreasing the size of either R2 or R4 should
correct the trouble.
To adjust the bandpass coupler in the output
circuit., it is first necessary to connect the unit
to the stage it is to drive in the main portion of
the transmitter. This should be done with as
short a lead as possible. In the arrangement
shown in the circuit diagram, direct connection
of the output to the grid of the next stage is
shown, so that the fixed bias applied to the
keying circuit can also be applied to the following
stage. This is a requirement if full advantage of

(
A)

22

To 3.5 -71k.
Tuned Cdcud
IMO

(6)

Fig. 6-98 — Two suggested methods of coupling the
VFO unit to the transmitter. In both eases the 6M;7
is used as either adoubler or quadrupler from the output
of the VFO. In A, a former crystal-oscillator stage has
been revised to operate with fixed bias. In If, aswitching
system providing for either VFO or crystal control is
shown.
Ct — 0.001-afd. (or larger) mica.
RI — 10,000 ohms, 3/2 watt.
R2, R3
47,000 ohms, ¡¡ watt.
St — Double-pole 3-or-more-position ceramic.

the " silenced" feature of the design is to be
gained, as explained below. Once connection to
the grid of the following stage is made, open one
side of the secondary circuit of the bandpass
coupler, separate the two coils as far as possible,
and resonate the primary circuit with the oscillator set to the center of the band. Reconnect the
secondary, open the primary circuit, and resonate
the secondary circuit, adjusting it for resonance
in the center of the desired pass-band. A grid
dip meter will be invaluable in making these
adjustments, although they can be done, at a
sacrifice of time, by other methods. Once both
circuits are resonated properly, move one coil
closer to the other afraction of an inch at atime
until the response of the coupler is fiat across
the band. Output should be observed by noting
grid current in the following stage as the main
tuning condenser is tuned through its range. If
the output varies widely from one end of the
band to the other, readjustment of the trimmer
condensers, and the coupling between the windings, is required. Sufficient drive for the former
crystal oscillator in almost any modern transmitter should be available across the entire band.
To eliminate the last trace of signal from the
oscillator, it is usually necessary to apply a
certain amount of fixed bias to the grid of the
stage into which the VFO works. When connected as indicated in Fig. 6-95, the 75 volts bias
from the VFO power supply will be applied to
the grid of the following stage. If the following
stage has a grid blocking or coupling condenser,
this should be removed. Any grid leak in this
stage also should be eliminated.
Adjustment of the keying characteristics is
made by changing the resistance and capacitance
in the keying circuit, as described elsewhere in
this book. A variable resistance, Ra is built into
the unit, but some experimentation with the
value of C12 may be needed to suit individual
tastes.
The diagram of a suitable power supply for
this unit is shown in Fig. 6-97. Ri should be
adjusted until the two VR tubes operating from
this branch stay ignited under load. R2 should
similarly be adjusted until the VR tube stays
ignited under operating conditions.
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A 450-Watt Push- Pull Triode Amplifier
The push-pull amplifier shown in Figs. (i-99
through 6-104 employs apair of 812-As, or similar
triodes, capable of handling up to 450 watts input
c.w., or 300 watts plate-modulated 'phone. By
means of plug-in coils, it may be operated from

cathode currents may be compared. Filtered leads
with terminals for external meters are provided
and meter switches are included. The grid meter,
connected at MA1, should have ascale Of 50 ma.,
while the cathode meter, connected at MA2,
should have ascale of at least 300 ma. The tubular
air condensers, C7 and Cs,provide direct paths
from plates to filament for v.h.f. These reduce
harmonics and eliminate parasitics.
Construction

The unit is constructed on a 10 X 17 X 3-inch
chassis with a standard panel 1e¡ inches high.
The amplifier and antenna tuner are separated by
a metal partition. The partition is placed so that
the shaft of the 1Viillen right-angle gear box, by
which the antenna link is adjusted, falls on the
vertical center line of the panel. The gear box is
placed on the amplifier side of the partition.
In laying the components out on the chassis,
the amplifier plate tank condenser, mounted on
Fig. 699

Copper- sheet mounting
flange soldered te tubing

— A 450-watt push-pull triode amplifier.

3.5 to 28 Mc. A link-coupled antenna tuner is included, the variable link being adjustable from
the panel. Power-supply leads are filtered for
v.h.f. harmonics and the unit is placed in a
screened enclosure to minimize TV!. The top of
the enclosure is hinged to permit changing coils.
For operation at maximum ratings, the unit requires aplate supply delivering 1500 volts at 300
ma. for c.w., or 1250 volts at 250 ma. for ' phone.
A fixed-bias source of 90 volts also is needed.
Suitable circuits are shown in Fig. 6-104.
A condenser, C1,Fig. 6-102, is insertl‘d at the
center of the grid tank coil, and separate filament
transformers are used so that individual grid and

Fig. 6-101— Rear view
of the p.p. triode amplifier.

6-32 tap )

Millen 32103
Feed-thru

31.D. tubing.\

6"
"rod'

Fig. 6-100 —

Details of the tubular air condensers.

9.'-inch cone insulators with metal angles, is
placed first. Room must be left for the two tubes
close alongside, with the neutralizing condensers
staggered between the tubes. The grid-coil socket
is placed to the right ( Fig. 6-101) so that the axis
of the coil is at right angles to the axis of the
plate tank coil. The jack bar for the latter is
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spanning the bottom
of the chassis, leaving
clearance room for the
National AR-17-80C
4
,ocket terminals. The
National AR- 17-40S
5
ieutralizing condensers
National AR- 17-405
5
are removed from their
4turns off each side
original mountings and
National AR- 17-20S
3
fastened instead to
1turn off each side
Millen Type 32103
National
AR17-10S
2
Iced-through insulators
1turn off each side
set in the strip. The
Johnson 500 HCF-80
6
staggering of these conJohnson 500 11CF-40
6
densers can be seen in
Johnson 500 IICF-20
3
Fig. 6-103. It is imporJohnson 500 11CF-10
3
tant that the flanges of
Johnson 500 HCF-10
3
1turn off each side
the tubular condensers
Johnson 500 MS
be placed Eigainst the
bottom side of the
aluminum strip so that there will be ashort path
to the tube sockets where the filement by-pass
condensers are grounded. The plate-return condenser, Cu ,is fastened to the left-hand edge of
the aluminum strip ( Fig. 6-103), and connected to
the frame of the plate tank condenser through a
clearance hole in the chassis. The grid tank condenser is mounted centrally on the under side of

COIL TABLE — PUSH-PULL TRIODE AMPLIFIER
Coil

Band
3.5
7
14

i

3

Turns

Wire

55
II
7

56
22
14

18
22
22

134"
14
1"
1Yi"

W I"
I %"

10

18

1%"

1"

18

ILe

11
12
6

2!"
213"
21 ,:z"
2"
2"

21

2.5

28

0.7

3.5
7
14
21
28

Lgth.

Lgh.

4
40
2-1
12

40
15
3.7
I

8

6

0.7

6

6

Diem.

Link

¡"

W'
5"
5"
5"
5"
4"

Same as 1.2, with swinging link

mounted from the tank-condenser frame on small
angle pieces. When the position of the plate tank
condenser has been fixed, the antenna condenser,
similarly mounted, should be placed to balance at
the other end of the chassis.
The tubes, neutralizing condensers and the
tubular condensers are mounted, through clearance holes in the chassis, on an aluminum strip
812 A i

Manufactured Type

c

3.5-2 8Mt.

3.5-2 8Mc.

Ant.

InDti

p
L,
Ant.

=

PFC,

Ce

+1500V.
A

RFC

3

H

E

.Gt

DB

s,

115 V.
AC.

RFC,

RFC é

—90V.
Bias

Fr

Cie
H

FjF

Cm

TO MA,

C20

-

TO

C2

MA,

Fig. 6-102 — Circuit diagram of the 450-watt push-pull triode amplifier and antenna tuner.
RI, R3 — 1000 ohms, 10 watts (for 812As).
Ci — 0.0022-gfd. mica.
C2— 100-ggfd.-per-section var. (Johnson 100IID-15).
112, R4 — 100 ohms, 32 watt.
C3, C4, C5, Co, C17, CI8, C19, C20, C2I
470-ggfd. mica.
113, Rs— SO ohms, 2 watts.
C2, Cg — 12-ggfd. 8000-volt tubular air condenser (
see
it — Coaxial connector.
Fig. 6-100).
11FC1 — 1-inh. 600-ma. r.f. choke ( National R151).
Cs, Cis — Neutralizing condenser — 4-14 ggfd. ( Millen
Li, L2, La — See coil table.
15005).
RFC2, 11FC3, RFC4, RFCs, RFC°, RFC7 — 7-gh. r.f.
Cu t,C13 — 500-mad. 2500-volt wkg. mica.
choke (Ohmite Z-50).
C12, C14 — 100-5 51d. per section variable (Johnson
Si,
Ss — D.p.d.t. toggle switch.
100ED-30 ).
Ti,
T3
Filament transformer: 6.3 volts, 8amp.
Cis, C18 — 0.1-pfd. 250 volts (Sprague Hypass).
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Fig. 6-103— Bottom
view of the p.p. triode
amplifier.

the chassis. Brackets space it so that it will clear
the grid-coil socket which is mounted directly
underneath the condenser.
An aluminum strip is bent to span the length
of the antenna tank condenser and the jack bar
for the antenna coil is fastened to this strip so
that the coil is at right angles to the amplifier
plate tank coil.
The two meter switches are placed on the panel
on either side of the grid tuning control. Terminals along the rear edge of the chassis include a
Fig. 6-104 — Circuit diagram of a
power supply and control system for
the push-pull triode amplifier.

Millen safety connector for positive high voltage,
and a coaxial connector for excitation input. All
power wiring must be done with shielded wire.
The coaxial cable connecting the plate and antenna links runs under the chassis and the sheath
is grounded where it passes through holes in the
chassis. The chokes and condensers forming the
v.h.f. filters should be placed immediately at the
power-supply terminals.
Any exciter unit furnishing 30 watts or more
should be suitable for use with this amplifier.

lit VAC. to E citer
Plate

CI, C2 — 4-pfd. 2000- volt oil- filled.
C3 —
450-volt electrolytic.
RI— 25,000 ohms, 150 watts'.
R2 — 50,000 ohms, 25 watts, adjustable.
Ra — 1500 ohms, 25 watts, adjustable.
R4, Ra — 100 ohms, Iwatt.
Li — 5/25-hy. swinging choke, 200ma. for single tube, 400-rm.
for push-pull.
L2 — 20.hy. smoothing choke, 200.
ma. for single tube, 400-nra.
for push-pull.
L3 — 30-hy. 50-ma, filter choke.
h — 150-watt 115- volt lamp.
St — 15-amp. switch.
S2, S3, S4 — 10-amp. switch.
Si is the main power switch, turning
on all filaments and the bias supply
and setting up the circuit for S2which
s
2
controls the exciter plate supply. S2
also sets up the circuit for .
S4 which
turns on the high-voltage supply. S3
cuts in or out la for reducing power
during transmitter adjustment. Ra is
adjusted so that at least one of the
VR tubes just ignites without excitation.
1.1 — Filament transformer: 2.5 volts,
10 amp., 10,000-volt insulation.
Ta — Plate transformer: 1200/1500 volts d.c., 200 or
400 ma.

115 V.A.E.

'Fa — Power transformer: 650 V. a.c., c.t., 50 ma. or
more; 5 volts, 2 amp.
VR — VR-75 voltage regulator.
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CHAPTER 6
A Push-Pull 813 Amplifier

Figs 6-105 through 6- 109 show tlp , lutails of an
amplifier capable of handling 800 \ Ltts input in
AM ' phone operation or 900 watts ew. A pair of
813 beam tetrodes is used. The circuit is shown in
Fig. 6-106. A multiband tuner ( National MBS-30)
eliminates the need for access to the grid circuit
and thus permits complete shielding of the
grid circuit for better stability. With this
tuner, the grid tank circuit may be resonated
anywhere within the frequency range of the
transmitter without changing coils.
Small improvised condensers are used to
neutralize the amplifier, and chokes inserted
in the grid leads eliminate v.h.f. parasitic oscillation.
Three meters are used in the amplifier. One
measures the total cathode current of the
amplifier, while the others are switched to
read individual grid or screen currents of the
two tubes, thus permitting aready comparison
of currents for balance in the stage. All supply leads and the leads running to the meters
are shielded and filtered to reduce TVI. Plugin coils are used in the output circuit.
Construction
The final amplifier is assembled on a17 X 13
X 3-inch chassis with a 17 M-inch metal panel.
The tank condenser is mounted at the exact
center of the chassis on 1-inch cone insulators.
A high-voltage insulating coupling is placed
between the condenser shaft and the control on
the panel. The fixed condenser, C2, is placed
under the condenser frame and is connected
between the frame and a grounding screw in
the chassis. This screw also is used for grounding the grid tuner below.
Clearance holes are cut in the chassis and the
sockets are submounted on 1 -inch spacers so
that the plate caps of the two tubes will come
close to the outside terminals of the condenser
stators. A large feed-through insulator is
placed 1AI inches from the inside edge of each
of the clearance holes. A /
1(
l
inch strip of aluminum, about 2 inches long, is bent into " L"

shape and mounted on top of each feedthrough. This serves as one side of the neutralizing condenser, the plate of the tube itself
forming the other side of the condenser.
To the rear of the tank condenser, the coil
jack bar is mounted on large stand-off insulators ( National GS-4) to bring the coil terminals close to those of the tank condenser.
The link is adjusted from the panel by means
of a right-angle gear drive ( National ACD-2)
mounted from a bracket fastened at a rear
corner of the chassis.
The three meters are enclosed in astandard
3 X 4 X 17-inch chassis acting as a shielding
box. The box is fastened to the panel with selftapping screws. Standard
10- inch panel
brackets are fastened to the ends of the meter
box as well as to the panel and chassis. Power
terminals and connectors for r.f. input and
output are lined up along the rear edge of the
chassis.
Underneath, the grid tuner is mounted at
the center of the chassis on pillars to space the
coils equally between the chassis and its bottom plate. The individual filament transformers are placed close to their associated
sockets. The lower terminals of the two feedthrough insulators are connected to opposite
(not adjacent) grid terminals. One end of the
parasitic-suppressor chokes is soldered directly
to the grid terminal of the socket. A 1-inch
ceramic pillar at the forward inside corner of
each tube socket serves as an insulated tie
point for the parasitic choke, the grid choke,
the fixed grid condenser and the neutralizing
lead on each side of the circuit.
A terminal board at the rear holds the v.h.f.
filter components for the a.c. and bias lines.
Filters in the other power leads are placed
close to their respective terminals. All power
wiring is done with shielded wire. The highvolt age lead is apiece of ignition cable covered
with a sheathing of copper braid. Shielded
leads also connect the meter switches underneath the chassis to the meters on the panel

Fig. 6.105— Apush-pull 813 amplifier
designed for rack mounting. The
meter switches flank the grid tuning
dial at the bottom, with the plate
tuning dial and the control for the
swinging link below the meters.
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Fig. 6-106 — Schematic diagram of the push-pull 813 amplifier.
—14 Mc. — 6 turns No. 8, 3%2'inches diam., 3 inches
long.
—21 Mc. — 4 turns lsis-inelt copper tubing. 3 inches
diam., 2,74 inches long.
—28 Mc. — 2 turns 9i6-ineli copper tubing. 3 inches
diam., 2% inches long. (One turn removed from
each section of 11DVL-10.)
L2, 1.3 — 7 turns No. 22, 1-inch diam.,
ainch long,
94 inch between windings (part of MB-20
tuner).
L4 — 30 turns No. 22, 1-inch diam., 1% inches long
(part of MB-20 tuner).
11, J2 — Coaxial connector.
Ai„ MA2— 50-ma. d.c. milliammeter.
.113 — 750-ma. d.c. milliammeter.
It FC1
— 800-ma. r.f. choke ( National R-175).
It FC2, HFC3 — 2.5-mh. r.f. choke.
HFC4, RFCs— 1- 511. 300-ma. r.f. choke (National
1133).
HMG, RFC7, RFCs, RFCg, RFCio, RFC11, RFC12,
RFC i3, RFCH, RFC's — 7-kth. c.f. choke
(Ohmite Z-50).
Si, S2 — 2-section 3-position ceramic rotary.
'F2 — Filament transformer: 10 volts, 5 amp.
(Thordarson T21F18).

Ci — 100-pmfd.-per-section variable, 0.077-inch spacing
(Millen 04103).
C2 — 0.001-dd. 5000-volt -wkg. mica.
C3, C4— 125.m /dd.-per-section variable, 0.026- inch
spacing ( National SSII-125 — part of MB-20
tuner).
C5, Cs — 0.001-dd. mica.
C7, Cs — 0.001-mfd. 1000-volt-wkg. mica.
Cg, C10, C11, C12 — 0.0047-dd. mica.
Cis, C14 — 100-pmfd. mica.
C15, C113, C19, C20, C21, C22, C23, C24, C25— 470-µ,cfd.
mica.
CIS — 500-itmfd. 1000-volt-wkg. mica.
C17 — 500-pad. 5000-v olt-wkg. mica.
Cs— See text.
RI,112, 143, 114 — 100 ohms, %2watt.
Li — B & W HMI. series coils:
(All are split-winding coils,
inch between
sections for all except 21- and 28- Mc, coils
where the spacing is 1% inches. Dimensions
given are for each section of coil.)
—3.5 Mc. — 16 turns NO. 10, 3%2 inches diam., 3
inches long.
— 7 Mc. — 10 turns No. 8, 3%2'inches diam.,
inches long.

above. C24 and C25 are connected directly
across the terminals of the meters, but RFC14
and RFC» are placed under the chassis at the
switch terminals.
Any exciter capable of delivering 20 to 25 watts
should be suitable for use with this amplifier.

Adjustment
Fig. 6-109 shows the circuit diagram of a
power-supply system for this amplifier. The section at the bottom supplies screen and bias voltages. Starting at maximum resistance, R3 is adjusted until at least one of the VR tubes just
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Fig. 6-107 — Rear
iew of the
push-pull 813 amplifier. 'I'he
feed-through insulator holding
one of the neutralizing condensers
is just to the left of the visible
813. The cha-- i- that encloses the
meters is held in position with
self- tapping screws passing
through the up-ended
panel
brackets. The gear drive at the
left is for link adjustment from
the panel. Input, output and all
tamer connections are arranged
along the rear edge of the chassis.

ignites. R4 need not be used, or may be shorted
out, for c.w. operation. For plate modulation at
maximum ratings, R4 should be set at 830 ohms.
When 85 is open, reduced screen voltage is applied
to the 813s. After the final amplifier has been adjusted for operation at full load, /?r, should be
adjusted finally to bring the screen voltage to 400
for c.w. or 350 for 'phone under operating conditions. 85 should always be open cluing preliminary adjustments of the final amplifiée or regular
adjustment of the exciter, since full screen voltage in the absence of plate voltage and full load
can cause dangerous heating of the sereen.
The power switches are arranged in series so
that the lower voltages must be turned on before the higher voltages can be applied. Under
normal operating conditions, all switches will
be closed except 82 which then serves as the
power control for the entire transmitter.

In adjusting the multiband tuner in the amplifier grid circuit, the resonances should be
checked carefully with an absorption wavemeter to make sure that the circuit is tuned
to the desired frequency. The setting of each
band should then be logged.
Since the adjustment is more critical at 28
Mc. than on any of the other bands, the final
stage should be neutralized with the transmitter tuned to this band. With an indicating
absorption wavemeter or other r.f. indicator
coupled to the output tank coil and with excitation only applied, the grid and plate tank
circuits should be tuned to resonance. Resonance in the output tank circuit will be indicated by amaximum response on the indicator. The neutralizing condensers should then
be adjusted similarly, bit by bit, either by
bending the metal strips closer to, or farther
•
Fig. 6-108 — Bottom
iew of the push-pull
:113
amplifier.
The
multiband tuner used
in the grid circuit is
eentrally located,
flanked by the two
tulle sockets. All bypass condensers are
mounted on the sockets. The neutralizing
leads are crossed beneath the insulated
shaft coupling, and
terminate at stand-off
insulators placed close
to the grid terminals of
the tube sockets.
harmonic filters are
placed along the edge
of the chassis close to
the points at which
the various leads leave
the chassis. The coaxial
cable to the right is the
output link line.

The

203

HIGH-FREQUENCY TRANSMITTERS
HV
(2000/
2250)

z5vAe. Line
Fig. 6-109 — Circuit diagram of a power-supply system for the push-pull 813 amplifier.
L4 — 5/25-hy. 500-ma. swinging choke.
CI— 8-gfd. 450-volt electrolytic.
1.5 — 20-hy. 500- ma, smoothing choke.
C2, C3 — 4-Mid. 600-volt electroly tic.
Ii — 115- volt lamp of suitable size to reduce voltage
C4 — 2-MM. 2500-volt oil-filled.
for tune-up.
Cs — 4- gfd. 2500-volt oil-filled.
Si — 20-amp. s.p.s.t. switch.
R1 1 R2
100 ohms, 1 watt.
S2, S3, S4 — 15-amp. s.p.s.t. switch.
R3— 25,000 ohms, 25 watts, adjustable.
Ss — Ceramic s.p.s.t. rotary switch.
R4— 1000 ohms, 10 watts, adjustable.
Ti, T3 — Filament transformer: 5 volts, 3 amp.
Rs — 25,000 ohms, 50 watts.
Tz
— Plate transformer: 400 volts d.c., 150 ma.
Re — 50,000 ohms, 50 watts, adjustable.
T4 — Filament transformer: 2.5 volts, 10 amp., 10,000.
R7, Rs — 25,000 ohms, 75 watts.
volt insulation.
Li — 30-by. 50-ma, filter choke.
Ts — Plate transformer: 2000/2250 volts d.c., 500 ma.
L2 — 5/25•11Y. 150-ma, swinging choke.
Vit
—
VR-150-30.
L3 — 20-kiy. 150-ma, smoothing choke.

away from, the tubes, or by clipping the length
of the strips until a minimum response on the
neutralizing indicator is obtained when the
plate tank circuit is tuned to resonance. In this
particular amplifier, minimum r.f. feedthrough was obtained with the strips clipped
to about a half inch.
To check the balance of the amplifier, temporarily disconnect the two center-tap leads of
the filament transformers from the cathode
meter and insert individual meters between the
center taps and ground. Apply power to the
exciter with the transmitter tuned to the
28- Mc. band. Resonate the grid circuit and set
the meter switch to read individual grid currents. The readings may not be equal before
plate and screen voltages are applied to the
final amplifier, but the readings should rise and
fall together as the grid circuit is tuned through
resonance. If such is not the case, aslight readjustment of the position of the grid link should
improve this condition. In some cases it may
be necessary to connect a small padding condenser across one of the two sections of C3 and
adjust it until the grid currents rise and fall in
unison and are reasonably well balanced.

With a dummy load connected to the output, apply reduced screen and plate voltages,
resonate the tank circuits and observe grid,
screen and cathode currents of the two tubes.
An agreement within 10 per cent may be considered satisfactory. If the difference is
greater, check the wiring in the plate circuit to
be sure that it is symmetrical. A slight difference in lead length, between the tank circuit
and the tubes, can cause considerable unbalance at 28 Mc. Some readjustment of the grid
padding condenser, if one is used, may help under
such conditions.
In c.w. service, plate voltages up to 2250
may be used and up to 2000 for AM ' phone.
Maximum plate current under these conditions
should be 220 and 200 ma. respectively per
tube. The total of grid and screen currents of
both tubes must be subtracted from the reading of the cathode meter to obtain the actual
plate current. Screen current should be less
than 40 ma. per tube with the amplifier operating
under full load.
In TV areas, the amplifier must be fitted with
a bottom plate and mounted in a shielding enclosure with provision for adequate ventilation.
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CHAPTER 6
A 1-Kw. Beam-Tetrode Amplifier

Figs. 6-110 through 6-114 show the circuit
diagram and construction of a single- tube
screen-grid amplifier capable of handling up
to 1-kw. input on c.w., or 675 watts on platemodulated ' phone. It is designed to be operated in any band from 80 through 19 meters
by the use of plug-in coils. Any exciter capable
of delivering 15 to 20 watts should provide
adequate excitation for the 4-250A in this
amplifier.
The circuit diagram is shown in Fig. 6-112.
It is a conventional link-coupled arrangement
except for the inductive link neutralizing
system ( L2 and L4). This neutralization is
desirable to maintain reliable stability on all
bands. All power leads are filtered for v.h.f.
harmonics.
Construction
The amplifier is designed for use in astandard rack cabinet or other shielding enclosure.
To that end, it is arranged so that both grid
and plate coils may be removed by pulling
toward the rear. Thus the chassis is inverted
to provide access to the grid coil.
On top, the plate tank condenser is inverted
and mounted with metal angles on 2-inch
ceramic cone insulators. It is placed so that its
shaft will come at the center. The jack bar for
the tank coil is fastened between an angle
piece at the forward end of the tank-condenser frame and another angle piece bolted to
one of the panel brackets. The mounting is
made so that the coil is tilted at an angle of
about 45 degrees. The antenna-coupling link
shaft is driven from a control on the
panel by means of a Millen right-angle gear box. The neutralizing link,
1.4, is the B & W type BVL. The assembly is fastened with asingle screw
to the top of a1X-inch ceramic pillar
mounted on the rear corner of the
tank condenser. This mounting permits the link to be pivoted on the
pillar as well as hinged in the usual
fashion.
Since coils with avariable end link
are not available, center-link coils
have been adapted to the purpose by
using only one section of the two-section coils. As amatter of convenience
in changing bands, the unused section
of one coil is removed and a section
of coil for an adjacent band is

Fig. 6-110 — Front view of the 4-250A amplifier, showing the method of assembling
the panel and the chassis. The controls on
the panel, from top to bottom, are the output coupling knob, plate tuning dial, and
grid tuning dial. The panel is 19 by 1734
inches.

mounted instead. Thus each coil plug strip
carries coils for two bands and the change
from one to the other is made simply by turning the unit end for end. The two unused jacks
in the jack bar are connected together with a
copper strap so that the unused section of coil
is short-circuited.
The tube socket ( National HX-100-S) is
submounted alongside the rear corner of the
tank condenser where the plate lead to the
stator terminal can be made short. The filament transformer is mounted at the front of
the chassis out of the direct field of the tank.
A clearance hole is cut for the terminals which
protrude underneath.
Underneath, the grid tank condenser is
mounted at the center of the chassis on -inch
stand-off insulators. A 3%- inch strip of aluminum is bent as shown in the bottom-view
photograph to form a mounting for the grid
tank coil directly to the rear of the condenser,
as well as a shielding enclosure for the components in the power-lead filters. The leads
between the coil socket and the condenser pass
through small bushings ( Millen 32150) or
clearance holes in the aluminum. The socket
and ventilating fan are enclosed in a 6 X 4 X
3X-inch box made of aluminum sheet. When
the bottom plate of the box is in place, the fan
forces air up through the socket to the tube.
The box should be perforated with X-inch
holes back of the fan to provide an air intake.
The filament, screen and grid by-pass condensers are mounted directly at the tube
socket. All are grounded at the same point
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one of the socket mounting screws. A ceramic
terminal strip for the a.c. line, bias, screen
voltage and ground terminals, a Millen safety
terminal for the plate- voltage connection, and
acoaxial jack for r.f. input are mounted on the
rear surface of the shielding strip.
All power wiring is done with shielded wire.
The high-voltage lead is a length of highvoltage ignition cable covered with
shielding braid up to within an inch of each
end.
The grid- circuit neutralizing link consists of
two turns of No. 14 wire, 1 inches in diameter, fastened to a pair of 2V2-inch pillar
insulators ( National GS-2) so that the coil is
coupled to the low-potential end of L1 and yet
does not interfere with the removal of the
grid coil.
Plate- Coil Modification
The 80- meter HDVL coil is dismounted
from its ceramic plug bar and adiagonal cut is
sawed through the center of the plastic strip
holding the two sections of the coil. The 40meter coil is similarly cut. One section of the
80- meter coil and one section of the 40- meter
coil are then reassembled as aunit by cementing together at the center, the diagonal cuts
overlapping. The coils for 14- and 28- Mc.
operation are altered in the same way. Other
combinations may be made up as desired,
depending upon the bands wanted. The 21Mc. coil may be a separate unit or combined
with the coil for another band.
Adjustment

The circuit diagram of a suitable powersupply unit for this amplifier is shown in
Fig. 6-113. Caution should be exercised in
operating a beam tetrode with fixed screen
supply — especially ahigh-power tube — since
the screen current in the absence of plate voltage and full load can run to damaging limits.

Fig. 6-111 — Rear view of the 4-250A amplifier. The construction of the reversible
plug-in plate coil is shown. The small variable link at the left of the plate coil is a part
of the neutralizing circuit. The grid-coil compartment is seen below the chassis between
the shield box that houses the fan and the
partition on which the input terminals are
mounted.

205

Output

To tan
motor

Fig. 6-112 — Schematic diagram of the 4.250A amplifier.
CI— 100-uufd. variable ( National TMS.100).
Ca, Ca, C4 — 0.0022-ufd. mica.
C6 — 0.001- mfd. 1000-volt mica.
Co — 150-uufd. 6000-volt peak ( National TMA-150-A).
C7 — 0.001-ufd. 5000-volt -wkg. mica.
Cs — 170- uu ftl. mica.
Cu — 500-umfd. 1000-volt mica.
Cio — 500-etufd. 5000-volt-wkg. mica.
Co, C12 — 0.005 ufd., 600 volts (Sprague Hypass).
Li — Millen 43000 series coils:
3.5 Me. — 32 turns No. 20, 1g-in. diam.,
in.
long, 7-turn link (13082 with 6 turns removed).
7 Mc.— 24 turns No. 16, 13/2"-in. diam., 2 in. long,
7-turn link (43042).
14 Mc. -- 9 turns No. 16, 1!
diam., 13/2 in.
long, 2-turn link (43022).
21-28 Mc. — 4 turns No. 14, 1g-in. diam.,
1144
"in. long, 2-turn link (
13012).
L2— 2-turn link, No. 14, 1g inches diam.
— B & W HDVL series (modified, see text).
3.5 Mc. — 16 turn* No. 10, 3g-in. diam., 3in. long.
7 Pole. — 10 turns No. 8, 3 ".in. diam., 27/P in. long.
14 Mc. — 6 turns No. 8, 3g-in. diam., 3 in. long.
21 Me. — 4 turns is-in. copper tubing, 3-in. diam.,
27,1, in. long.
28 Me. — 3 turns
is-in, copper tubing, 2%-in.
diam., 2% in. long.
L4
3-turn swinging link, No. 18, 2r.!¡-in. diam., ep in.
long ( 111 I. link assembly).
J1,J2 — Coaxial connector ( Atitithenol 83-1R).
It FC1, 11FC2, 111:Ca — 7-pth. r.f. choke (Ohmite Z-50).
Ti — Filament trans.: 5 volts, 14.5 amp. ( UTC S-59).

IA
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It is advisable to conduct
+400/500
all preliminary adjustments at reduced screen
voltage to keep the screen
dissipation at asafe level.
The lamps, / 1and / 2in
Fig. 6-113, are for this
purpose. A size of lamp
should be selected that
—Bas
will give the desired reduction in screen and
VR
plate voltage, remembering that the lamps with
lower wattage rating have
a higher resistance and
therefore will give a
+3000
greater voltage reduction
Neutralization is
merely a matter of adjusting the position of
Gnd
5
the plate neutralizing link
for complete stability.
Since the system depends
upon correct polarization
of the links, it may be
necessary to reverse the
connections to one of the
links.
s,
For operating at aplate
voltage of 3000, normal
115V AC. lo exciter
115 V. Ai
115V.A C. to ex iter
excitation is indicated
plate supply
Line
R.F and posensuppl filaments
when the grid current is Fig. 6-113 — Circuit diagram of a power supply for the beam-tetrode amplifier.
10 ma. and the bias 180 Si is the main switch, turning on all filaments. Sz turns on the plate voltage for the
volts with the amplifier exciter unit and sets up the circuit for 53 which turns on both screen and pl ate
supplies for the amplifier. / 1and /2 are 115-volt lamps of proper size to red uce
loaded to draw a plate screen and plate voltages to a suitable value for tuning. Si and S5 short-ci
rcu it
current of 325 ma. Under these lamps for full-power operation.
these conditions, the Ci, C2 — 4- afd. 600-volt oil-filled.
S2, S3,S4, Ss — 10-amp. switch.
Ti — Filament transformer: 5 volts,
screen current with a C3 — 4-ydd. 450-volt-wkg. electrolytic.
C4, C5 — 4-µM. 3000-volt oil-filled.
2 amp.
screen-supply voltage of
Ri — 25,000 ohms, 25 watts.
T2 — Plate tran.fi irriter: 500 volts
500 should run approxi- R2 — 50,000 ohms, 25 watts, adjust.
fl.c., 100 ma.
mately 60 ma. For plate- R3 — 20,000 ohms, 25 watts, adjustable.
T3 — Power transformer: 250-350 volts
Rs
—
50,000
ohms,
75
watts.
R4,
75 ma.; 5 volts, 3 amp.
modulated ' phone operaLi, L2
20kv. 100-ma, filter choke.
T4 — Filament transformer: 2.5 volts,
tion at 3000 volts, the L3 — 30-hy. 5Ó-ma. filter choke.
10 amp., 10,000 volts insugrid current should be 9 L4 — 5/25-hy. 400-ma, swinging choke.
lation.
Ts — Plate transformer: 3000 volts
ma. at 310 volts under La — 20-by. 400-ma. smoothing choke.
Ii, h — Power-reducing lamp.
d.c., 400 ma.
full load and the screen S1— 15-amp. switch.
VII — Voltage regulator — VII- 150.
current 30 ma. at 400
volts. Under the above conditions,
R3, Fig. 6-113, should be set at 3000
ohms for c.w. operation and at
18,000 ohms for ' phone operation.
R2 should be adjusted so that the VIt
tube just ignites without excitation

il

Fig. 6-114 — Bottom view of iii
h
4-250A amplifier. The harmonie filters are in the compartment to the
left of the grid coil. The arrangement
of the by-pass condensers inside tlic
fan housing is also shown, with the
grid terminal of the tube socket
pointing toward the grid tank circuit. The chassis measures 17 by
13 by 2 inches.
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Rack Construction
Many of the units described in t
constructional chapters of the IIandbook are designed for astandard rack
mounting. This standardization facilitates the assembly and moditi,ltion of station equipment. Since t
he
advent of television, racks of he enclosed type have become a matter of
practical necessity for transmitter ,:
to be operated without interference in
neighborhoods where television receivers are in use. While enclosed
cabinet-type racks of metal are
available on the market, many amateurs prefer to build their own less
expensively from wood and copper
screening. With care, an excellent
substitute can be made.
Fig. 6-115A shows abroken top view of an enclosed rack made of copper screening stretched
over aframework of wood strips 1by 2or 1by 3.
The copper screen, represented by the dashed
lines and the cross- hatching, is stretched over
the outside of each frame, wrapped around the
ends on all four sides and tacked fast on the
inside. The top and bottom are made in similar
fashion. When the frames are fastened together, the screening makes contact all along
each joint. Contact at the hinge of the door
at the rear is assured by the use of a fulllength piano hinge. Trim strips of thin wood
Rear Door

a.no Hine

none.*
Side

Side

Fig. 6.116 — Detail sketch showing proper drilling for
standard rack and panels. As shown for the 3
and
5%-inch panels, only sufficient holes are drilled in the
panel to provide the necessary strength. When the
panels are drilled as shown, they may be moved up and
down in steps of 1% inches and the holes will always
match.

along the two vertical 1by 3s, which hold the
panels, and across the top and bottom headers
cover up the ragged edges of screening.
As shown in Fig. 6-115B, the panel clearance
should be 19% 6 inches and the hole centers
18% inches apart. Standard panels are in unit
heights of 1% inches and the hole spacing
alternates between
inch and 1% inches as
shown in Fig. 6-116. The table shows the
standard drilling for panels of various sizes.

ffie
Copper
Screening

19C

Fig. 6.11.5 — A
—
Top detail
view of an enclosed relay rack
made of wood
strips and copper screening. B
— Panel-mounting dimensions.

Trim Strip
/I 3"

Front Header

Trim Stri
ps

lar

(A)

(B)

TABLE OF STANDARD RACK DRILLING

Panel
Ht. In.

* ¡Ides
In.

29 3
4
28

31%-30
29%2-28%
27%-263.

Panel
Ht. In.

*Holes
In.

26% 26 -24%
24 !,4 24%-23
22% 22 /
12-21%

Panel
Ht. In.

*Holes
In.

Panel
Ht. In.

*Holes
In.

Panel
Ht. In.

21
19%
17%2'

20,34-19%2
19 - 17%
1754-16

15%
14
12%

15%2-14%
13%-12
12 - 10%

10
8%
7

*Holes
In.
10%-9
8 -7Wt
6%-53/2

Panel
Ht. In.
5%
3Y¡
1%

*Holes
in.
5 -3%
314-2
1

*Any or all holes for smaller panels that fo low may be added or substituted as desirable. Hole distances are from
either top or bottom edges of panel.

CHAPTER 7

Power Supplies
Essentially pure direct-current plate supply
is required for receivers to prevent hum in the
output. Government regulations require the
use of d.c. plate supply for transmitters to
prevent modulation of the carrier by the supply, which would result in undesired hum in
the ease of voice transmissions and an unnecessarily broad e.w. signal.
A.C.
Vo/tafe

115v. A C.

.115v AC. LINE

"4-giengneeedil

Iligh-vogare
D.C. (ripple)

NYY1
PLATE
TRANSFORMER

IISV Ac

II5v A C LIIVE

their use except where commercial a.c. lines are
not available. Wherever such lines are available, it is universal practice to obtain low a.c.
voltage for filaments and heaters from a stepdown transformer, and the required highvoltage d.c. by means of a transformer-rectifier-filter system. Such a system is shown in
the block diagram of Fig. 7-1. Power from the

RECTIFIER

low- voltage

FILAMENT
TRANS

A.c.

TO XIATR. PLATES

Fig. 7-1— Block diagram show.
ing the essentials oía transformer.
rectifier-filter system for obtaining filament and plate power from
an a.c. line.

TO „ TR. FILAMENTS

The filaments of tubes in a tt ansmitter may
be operated from a.c. Those in a receiver, excepting the power audio tubes, may be a.c.
operated only if the cathodes are indirectly
heated.
The comparatively high cost and inconvenience of batteries and d.c. generators preclude

FILTER

a.c. line is fed to a transformer which steps
the voltage up to that required. The steppedup voltage is changed to pulsating d.c. by
passing through a rectifier — usually of the
vacuum- tube type. The pulsations then are
smoothed out to the required extent by afiltering system.

Rectifier Circuits
Half- Wave Rectifier

Fig. 7-2 shows three rectifier circuits covering most of the common applications in amateur equipment. Fig. 7-2A is the circuit of a
half-wave rectifier. During that half of the
a.c. cycle when the rectifier plate is positive
with respect to the cathode, current will flow
through the rectifier and load. But during the
other half of the cycle, when the plate is negative with respect to the cathode, no current
can flow. The shape of the output wave is
shown at the right. It shows that the current
always flows in the same direction but that the
flow of current is not continuous and is pulsating in amplitude.
The average output voltage — the voltage
read by the usual d.c. voltmeter — with this
circuit is 0.45 times the r.m.s. value of the a.c.
voltage delivered by the transformer secondary. Because the frequency of the pulses in
the output wave is relatively low, considerable
filtering is required to provide adequately

smooth d.c. output, and for this reason this
circuit is usually limited to applications where
the current involved is small, such as in supplies for cathode-ray tubes and for protective
bias in a transmitter.
Another disadvantage of the half- wave rectifier circuit is that the transformer must have a
considerably higher primary volt-ampere rating ( approximately 40 per cent greater) than
in other rt.etifier circuits.
Full Wave Center Tap Rectifier

The most universally- used rectifier circuit is
shown in Fig. 7-2B. Being essentially an arrangement in which the outputs of two halfwave rectifiers are combined, it makes use of
both halves of the a.c. cycle. A transformer
with acenter- tapped secondary, or two identical transformers with their secondaries connected in series ( with proper polarization), is
required with the circuit. When the plate of
rectifier No. 1is positive, current flows through
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Fig. 7-2 — Fundamental vacuumtube rectifier circuits. A — Half.
wave. B — Full- wave. C — Bridge.
Output voltages shown do not include
rectifier drops.

AC
Input
wave

the load to the center-tap. A.C.
Current cannot flow through Line
rectifier No. 2 because at this
instant its cathode is positive
in respect to its plate. When
the polarity reverses, rectifier
No. 2 conducts and current
again flows through the load
to the center-tap, this time
through rectifier No. 2.
The average output voltage
is 0.9 times the r.m.s. value of
the voltage across half of the
transformer secondary. For the
same total secondary voltage,
the average output voltage will
be the same as that delivered
with ahalf-wave rectifier. However, as can be seen from the
sketch of the output waveform,
the frequency of the output
pulses is twice that of the halfwave rectifier. Therefore much
less filtering is required. Since
the rectifiers work alternately,
each handles half of the average load current. Therefore the load current
which may be drawn from this circuit is twice
the rated load current of asingle rectifier.
When two separate transformers are used in
the full-wave circuit with their secondaries
connected in series, the same derating mentioned in regard to the half-wave rectifier
circuit must be observed.
Full Wave Bridge Rectifier

Another full- wave rectifier circuit is shown in
Fig. 7-2C. In this arrangement, two rectifiers
operate in series on each half of the cycle, one
rectifier being in the lead to the load, the other
being in the return lead. Over that portion of
the cycle when the upper end of the transformer secondary is positive with respect to the
other end, current flows through rectifier No.
1, through the load and thence through rectifier
No. 2. During this period current cannot flow
through rectifier No. 4 because its plate is
negative with respect to its cathode. Over the
other half of the cycle, current flows through
rectifier No. 3, through the load and tlienve

EAV DC
°" ERKIS
(
A)

—

4
—
EAV DC
°9ERMS

(B)

Output wavefvms

through rectifier No. 4. The crossover connection keeps the current flowing in the same
direction through the load. The output waveshape is the same as that from the simple
center-tap rectifier circuit. The output voltage
obtainable with this circuit is 0.9 times the
r.m.s. voltage delivered by the transformer
secondary. For the same total transformersecondary voltage, the average output voltage
when using the bridge rectifier will be twice
that obtainable with the center-tap rectifier
circuit. However, when comparing rectifier circuits for use with the same transformer, it should
be remembered that the power which a given
transformer will handle remains the same regardless of the rectifier circuit used. If the output voltage is doubled by substituting the
bridge circuit for the center-tap rectifier circuit,
only half the rated load current can be taken
from the transformer without exceeding its
normal rating. The value of load current which
may be drawn from the bridge rectifier circuit is twice the rated d.c. load current of a
single rectifier.

Rectifiers
Cold- Cathode Rectifiers
Tube rectifiers fall into three general classifications as to type. The cold-cathode type is a
diode which requires no cathode heating. Certain
types will handle up to 350 ma. at 200 volts d.c.
output. The internal drop in most types lies between 60 and 90 volts. Rectifiers of this kind are

pi minced in both half-wave (single-diode) and
full-wave ( double-diode) types.
High. Vacuum Rectifiers

High-vacuum rectifiers depend entirely upon
the thermionic emission from aheated cathode
and are characterized by a relatively high
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internal resistance. For this reason, their application usually is limited to low power, although
there are a few types designed for medium and
high power in cases where the relatively high
internal voltage drop may be tolerated. This high
internal resistance makes them less susceptible
to damage from temporary overload and they are
free from the bothersome electrical noise sometimes associated with other types of rectifiers.
Some rectifiers of the high- vacuum full- wave
type in the so-called receiver-tube class will
handle up to 250 ma. at 400 to 500 volts d.c. output. Those in the higher- power class can be used
to handle up to 500 ma. at 2000 volts d.c. in fullwave circuits. Most low-power high- vacuum rectifiers are produced in the full-wave type, while
those for greater power are invariably of the halfwave type.
Mercury Vapor Rectifiers
In mercury-vapor rectifiers the internal resistance is reduced by the introduction of a small
amount of mercury which vaporizes under the
heat of the filament, the vapor ionizing upon the
application of voltage. The voltage drop through
a rectifier of this type is practically constant at
approximately 15 volts regardless of the load current. Tubes of this type are produced in sizes that
will handle any voltage or current likely to be
encountered in amateur transmitters. For high
power they have the advantage of cheapness.
Rectifiers of this type, however, have atendency
toward atype of oscillation which produces noise
in near-by receivers. This can usually be eliminated by suitable filtering.
As with high-vacuum rectifiers, full-wave types
are available in the lower-power ratings only. For
higher power, two tubes are required in a fullwave circuit.
Selenium Rectifiers
Selenium rectifiers are available which make it
possible to design a power supply capable of delivering up to 400 or 450 volts, 200 ma. These
units have the advantage of compactness as well
as low internal voltage drop (about 5volts). However, to limit the charging current with condenser
input, a resistance of 25 to 100 ohms should be
used in series with the rectifier. They may be substituted in any of the basic circuits shown in Fig.
7-2, the terminal marked "+" or " cathode"
corresponding to the cathode in these circuits.
Circuits in which the selenium rectifier is particularly adaptable are shown later in Figs. 7-20
through 7-22. Since they develop little heat if
operated within their ratings, they are especially
suitable for use in equipment requiring minimum
temperature variation.
Typical ratings are listed in the tube tables.
Rectifier Ratings
Vacuum-tube rectifiers are subject to limitations as to breakdown voltage and current-handling capability. Some types are rated in terms of
the maximum r.m.s. voltage which should be
applied to the rectifier plate, while others, partic-

ularly mercury-vapor types, are rated according
to maximum inverse peak voltage — the peak
voltage between plate and cathode while the
tube is not conducting. In the circuits of Fig. 7-2,
the inverse peak voltage across each reiltifier
is 1.4 times the r.m.s. value of the voltage delivered by the entire transformer secondary.
All rectifier tubes are rated as to maximum d.c.
load current and many also carry peak-current
ratings, both of which should be observed for
normal tube life. With a condenser-input filter,
the peak current may run several times the value
of the d.c. load current, while with achoke-input
filter the peak value may not run more than afew
per cent above the d.c. load current.
Operation of Rectifiers
In operating rectifiers requiring filament or
catho le heating, care should be taken to provide
the correct filament voltage at the tube terminals.
Low filament voltage can cause excessive voltage
drop in high-vacuum rectifiers and aconsiderable
reduction in the inverse peak-voltage rating of a
mercury-vapor tube. Filament connections to the
rectifier socket should be firmly soldered, particularly in the case of the larger mercury-vapor
tubes whose filaments operate at low voltage and
high current. The socket should be selected with
care, not only as to contact surface but also as
to insulation, since the filament usually is at full
output voltage to ground. Bakelite sockets will
serve at voltages up to 500 or so, but ceramic
sockets, well spaced from the chassis, always
should be used at the higher voltages. Special filament transformers with high-voltage insulation
between primary and secondary are required for
rectifiers operating at potentials in excess of 1000
volts inverse peak.
The rectifier tubes should be placed in the
equipment with adequate space surrounding them
to provide for ventilation. When mercury-vapor
tubes are first placed in service, and each time

Fig. 7-3 — Connecting rectifiers in parallel for heavier
currents. RIand R2 should
llave the sanie value, between
50 and 100 ohms.

after the mercury has been disturbed, as by
removal from the socket to ahorizontal position,
they should be run with filament voltage only for
30 minutes before applying high voltage. After
that, adelay of 30 seconds is recommended each
time the filament is turned on.
Rectifiers may be connected in parallel for current higher than the rated current of a single
unit. This includes the use of the sections of a
double diode for this purpose. Equalizing resistors
of 50 to 100 ohms should be connected in series
with each plate, as shown in Fig. 7-3, as ameasure
toward maintaining an equal division of current.
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Filters
The pulsating d.c. waves from the rectifiers
shown in Fig. 7-2 are not sufficiently constant in
amplitude to prevent hum corresponding to the
pulsations. Filters consisting of capacitances and
inductances are required between the reel itiP1' rid
the load to smooth out the pulsations to an essentially constant d.c. voltage. Also, upon the design
of the filter depends to alarge extent the voltage
regulation of the power supply and the maximum
load current that can be drawn from the supply
without exceeding the peak-voltage rating of the
rectifier.
Power-supply filters fall into two classifications,
depending upon whether the first filter element
following the rectifier is a condenser or a choke.
(
leriser-input filters are characterized by n•lat
ively high output voltage in respect to the t
ransfornwr voltage, but poor voltage regulation.
Choke-input filters result in much better regulation, when properly designed, but the output
voltage is less than would be obtained with a
condenser-input filter from the same transformer.
Voltage Regulation
The output voltage of a power supply always
decreases as more current is drawn, not only because of increased voltage drops in the transformer, filter chokes and the rectifier (if highvacuum rectifiers are used) but also because the
output voltage at light loads tends to soar to the
peak value of the transformer voltage as aresult
of charging the first condenser. By proper filter
design the latter effect can be eliminated. The
change in output voltage with load is called voltage regulation and is expressed as a percentage.

oscillator, for example), special voltage-regulating
circuits described elsewhere in this chapter are
used.
Load Resistance
In discussing the performance of power-supply
filters, it is 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, including the current drawn by the
bleeder resistor.
Input Resistance
The sum of the transformer-winding resistance
and the rectifier resistance is called the input
resistance.
Bleeder
A bleeder resistor is a resistance connected
across the output terminals of the power supply.
Its functions are to discharge the filter condensers
as asafety measure when the power is turned off
and to improve voltage regulation by providing
aminimum load resistance. When voltage regulation is not of importance, 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 rating of the resistor should
be as conservative as possible, since aburned-out
bleeder resistor is more dangerous than none at
all!
Ripple Frequency and Voltage

The pulsations in the output of the rectifier can
100 (E1 — E2)
be considered to be the resultant of an alternating
Per cent regulation =
E2
current superimposed upon a steady direct current. From this viewpoint, the filter may be conExample: No-load voltage = E1 = 1550 volts.
Full-load voltage = E2 = 1230 volts.
sidered to consist of shunting condensers which
100 ( 1550 — 1230)
short-circuit the a.c. component while not interPercentage reguhtion —
1230
fering with the flow of the d.c. component, and
32,000
series chokes which pass d.c. readily but which
— 26 per cent.
1230
impede the flow of the a.c. component.
The alternating component. is called the ripple.
Regulation may la as great as 100% or more with
The effectiveness of the filler can be expressed in
acondenser-input filter, but by proper design can
terms of per cent ripple which is the ratio of the
be held to 20c or less.
r.m.s, value of the ripple to the d.c. value in terms
Good regulation is desirable if the load current
varies during operation, as in a keyed stage or a of percentage. For c.w. transmitters, a reduction
of the ripple to 5per cent is considered adequate.
Class B modulator because a large change in
The ripple in the output of power supplies for
voltage may increase t
he tendency toward key
voice transmitters and VFOs should be reduced
clicks in the former ease or distortion in the
to 0.25 per cent or less. High-gain speech amlatter. On the other hand, asteady load, such as
plifiers and receivers may require areduction to as
is represented by a receiver, speech amplifier or
low as 0.1 per cent to prevent objectionable ripple
unkeyed stages in atransmitter, does not require
hum.
good regulation so long as the proper voltage is
Ripple frequency is the frequency of the pulsaobtained under load conditions. Another contions in the rectifier output wave — the number
sideration that makes good voltage regulation desirable is that the filter condensers must have a of pulsations per second. The frequency of the
ripple with half-wave rectifiers is the same as the
voltage rating safe for the highest value to which
frequency of the line supply — 60 cycles with 60the voltage will soar when the external load is
cycle supply. Since the output pulses are doubled
removed.
with a full-wave rectifier, the ripple frequency is
When essentially constant voltage, regardless
doubled — to 120 cycles with 60-cycle supply.
of current variation is required ( for stabilizing an
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DC.
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(C)
Fig. 7-4— Condenser-input filter circuits. A — Simple
condenser. B— Single-section. C— Double-section.

The amount of filtering (values of inductance
and capacitance) required to give adequate
smoothing depends upon the ripple frequency,
more filtering being required as the ripple frequency is lower.

•CONDENSER- INPUT

drops through the resistance of the chokes should
be subtracted from the values determined above.
For best regulation with acondenser-input filter,
the bleeder resistance should be as low as possible
without exceeding the transformer, rectifier or
choke ratings when the external load is connected.

FILTERS

The maximum load current that can be drawn
from a supply with a condenser-input without
exceeding the peak-current rating of the rectifier
may be estimated from the graph of Fig. 7-6.
Using values from the preceding example, the
ratio of peak rectifier current to d.c. load current
for 2000 ohms, as shown in Fig. 7-6 is 3. Therefore, the maximum load current that can be
drawn without exceeding the rectifier rating is
the peak rating of the rectifier. For aload current
of 175 ma., as above, the rectifier peak current
rating should be at least 3 X 175 = 525 ma.
With bleeder current only, Fig. 7-6 shows that
the ratio will increase to over 8. But since the
bleeder draws less than 10 ma. d.c., the rectifier
peak current will be only 90 ma. or less.
Ripple Filtering
The approximate ripple percentage after the
simple condenser filter of Fig. 7-4A may be determined from Fig. 7-7. With a load resistance of
2000 ohms, for instance, the ripple will be approximately 10% with an 8-µfd. condenser or
20% with a4-pfd. condenser.
The ripple can be reduced further by the addition of LC sections as shown in Figs. 7-4B and C.
t.

Condenser-input filter systems are shown in
Fig. 7-4. Disregarding voltage drops in the
chokes, all have the same characteristics except
in respect to ripple. Better ripple reduction will
be obtained when LC sections are added, as shown
in Figs. 7-4C and D.

1

Output Voltage

l

e

To determine the approximate d.c. voltage output when a condenser-input filter is used, reference should be made to the graph of Fig. 7-5.

0
()
0

Example:
Transformer r.m.s. voltage — 350
Input resistance — 200 ohms
Maximum load current, including bleeder current — 175 ma.
350
Load resistance --- 2000 ohms approx.
0.175

/NPUr C —

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
times the transformer r.m.s. voltage, or about 350
volts.
Regulation
If a bleeder resistance of 50,000 ohms is used,
the d.c. output voltage, as shown in Fig. 7-5, will
rise to about 1.35 times the transformer r,rn.s.
value, or about 470 volts, when the exterrt4
removed, For greater accuracy, the voltage

is

1041

INPUT RESISTANCE

4,eld or 9reater

0.8
1Q00

2000 3000

5000

LOAD RESISTANCE =

10,
000
D. C. VOLTS
O. C. AMP

20,
000

50,000

(OUTPUT)

Fig. 75 — Chart showing approximate ratio of d.c.

output voltage across filter input condenser to trans.
former r.m.s. secondary voltage for different load and
input resistances.
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approximately 0.08 X 10 = 0.8%. If another section is added to the filter, its reduction factor
from Fig. 7-8 will be applied to the 0.8% from
the preceding section, etc.

RATIO OF PEAK RECTIFIER CURRENT TO D.C. LOAD CURRENT

8

•

7

CHOKE INPUT FILTERS

inrour c—4
orfea.ter

Much better voltage regulation results when a
choke-input filter, as shown in Fig. 7-9, is used.
Choke input also permits better utilization of the
rectifier, since a higher load current usually can
be drawn without exceeding the peak current
rating of the rectifier.
If the first choke has avalue equal to or greater
than

6
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•
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INPUT RESISTANCE
4

Load resistance (ohms),

1000

the output voltage will not soar above the average
value of the rectified wave at the input of the
choke when the load current is small. This is in
contrast to the performance of the condenser-

3
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2
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2000

3000

5000

LOAD RESISTANCE -
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0.C.AI4e

28000
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(ourviir)

Fig. 7-6 — Graph showing the relationship between the
d.c. load current and the rectifier peak plate current
with condenser input for various values of load and
input resistance.

Fig. 7-8 shows the factor by which the ripple from
any preceding section is reduced depending on the
product of the capacitance and inductance added.
For instance, if asection composed of achoke of
5hy. and acondenser of 4pfd. were to be added
to the simple condenser of Fig. 7-4A, the product
is 4 X 5 = 20. Fig. 7-8 shows that the original
ripple ( 10% as above, for example) will be reduced by a factor of about 0.08. Therefore the
ripple percentage after the new section will be
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input filter where the output voltage tends to
soar toward the peak value at light current loads.
This value of inductance is known as the critical
value.
If the first choke has avalue equal to or greater
than

5

Load resistance (ohms),

4
C..
3

0

? hi '
Fig. 7-8 — Ripple-reduction factor for various values of
L and C in filter section. Output ripple = input ripple X
ripple factor.
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the peak rectifier current will not exceed the d.c.
2
load current by more than 10 per cent when the
2
load current is large. This is in contrast to the
I5
condenser-input filter where the peak rectifier
current may run 2to 5times the d.c. load current.
1000 1500 2000 3000
K2000
20 ow
20000 This value of inductance is known as the optimum
5000
( C VOLTS
OUTPUT)
value.
LOAD RESISTANCE
D. C AMR
Both of the above conditions will usually be
Fig. 7-7 — Chart showing approximate 120-cycle persatisfied for all values of load current drawn from
centage ripple across filter input condenser for various
the supply if the choke has at least the critical
loads.
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Choke-input filter circuits. A — Single-section. B — Double-seetion.
Fig.

7-9 —

of inductance for the minimum current
load (usually the bleeder resistance only) and does
not fall below the optimum value for the greatest
current load to be drawn.
Specially-designed input chokes, called swinging chokes, are available. These chokes are usually rated in terms of maximum d.e. current and
the range of inductance over which they are designed to " swing" with different load currents.
For instance, a choke may have a rating of 5to
25 hy., 250 ma. This means that the inductance
is 5hy. with 250 ma. d.c. flowing through it.
From the formula for optimum inductance, 5
Kv. is optimum for aminimum load resistance of
5 X 500 = 2500 ohms. At 250 ma., this resistance
means aminimum voltage of 2500 X 0.250 = 625
volts.
value

Bleeder Resistance
Also, 25 hy. is the critical inductance for
25 X 1000 = 25,000 ohms. Therefore the bleeder
resistance should be not greater than 25,000 ohms.
In the case of supplies for higher voltages in
particular, the maximum load resistance requirement may result in the wasting of an appreciable
portion of the transformer power capacity in the
bleeder resistance. A higher bleeder resistance
drawing less current can be used, of course, but
at a sacrifice in regulation. Two input chokes in
series will permit the use of ableeder of twice the
resistance, cutting the wasted current in half.
Another alternative that can be used to advantage in a e.w. transmitter is to use a very highresistance bleeder for protective purposes and
then use only sufficient fixed bias on the tubes
operating from the supply to bring the total current drawn from the supply, when the key is
open, to the value of current that the required
bleeder resistance should draw from the supply.
Operating bias is brought back up to normal by
increasing the grid-leak resistance. Thus the entire current capacity of the supply ( with the
exception of the small drain of the protective
bleeder) can be used in operating the transmitter
stages.
Outpu tVoltage
Provided the input-choke inductance is at
least the critical value, the output voltage may

be calculated quite closely by the following
equation:
(h. + / 1.) (Et + R2)
—
— Er
1000

E. = 0.9E t

where E. is the output voltage; Et is the r.m.s.
voltage applied to the rectifier (r.m.s. voltage
between center-tap and one end of the secondary in the case of the center-tap rectifier); in
and ILare the bleeder and load currents, respectively, in milliamperes; R1 and R2 are the resistances of the first and second filter chokes;
and E, is the drop between rectifier plate and
cathode. These voltage drops are shown in
Fig. 7-11. At no load /L is zero, hence the no-load
voltage may be calculated on the basis of bleeder
current only. The voltage regulation may be
determined from the no-load and full- load voltages using the formula previously given.
Ripple with Choke Input
The percentage ripple output from a singlesection filter ( Fig. 7-9A) may be determined to
a close approximation, for a ripple frequency of
120 cycles, from the following formula:
Single- 1
100
Section } Percentage ripple =
Filter J
LC
where L is in h. and C in mfd.
Example: L = 5 11.. C = 4 aid.
100
100
Percentage ripple —
— — 5per cent.
(5) ( 4)

20

Fig. 7-10 shows various other combinations
of inductance and capacitance which will reduce
the ripple to 5per cent — the required minimum
reduction for asupply for ac.w. transmitter.

I.5

2

25 3

4

5 6 76 6 i0

20

C ()eV)
Fig. 7-10 — Graph showing combinations of inductance
and capacitance that may be used to reduce ripple to
5 per cent with a single-section choke-input filter.

In selecting values for the first filter section,
the inductance of the choke should be determined by the considerations discussed previously. Then the condenser should be selected
that when combined with the choke inductance
(minimum inductance in the case of a swinging
choke) will bring the ripple down to the desired
value. If it is found impossible to bring the ripple
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down to the desired figure with practical values
in a single section, a second section can be
added, as shown in Fig. 7-9B and the reduction
factor from Fig. 7-8 applied as discussed under
condenser-input filters. The second choke should
not be of the swinging type.

•

OUTPUT CONDENSER

If the › upply is intended for use with an
audio- frequency amplifier, the reactance of the
last filter condenser should be small (20 per
milt or less) compared with the other a.f. resistance or impedance in the circuit, usually
the tube plate resistance and load resistance.
On the basis of a lower a.f. limit of 100 cycles
for speech amplification, this condition usually
is satisfied when the output capacitance ( last
filter capacitor) of the filter is 4 to 8 pfd., the
higher value of capacitance being used in the
ease of lower tube and load resistances.

•

RESONANCE

Resonance effects in the series circuit across
the output of the rectifier which is formed by
the first choke (Li) and first filter condenser
(
CI)must be avoided, since the ripple voltage
would build up to large values. This not only is
the opposite action to that for which the filter
is intended, but also may cause excessive rectifier peak currents and abnormally-high inverse
peak voltages. For full-wave rectification the
ripple frequency will be 120 cycles for a 60-cycle
supply, and resonance will occur when the product of choke inductance in henrys times condenser capacitance in microfarads is equal to
1.77. The corresponding figure for 50-cycle supply ( 100-cycle ripple frequency) is 2.53, and for
25-cycle supply (50-cycle ripple frequency) 13.5.
At least twice these products of inductance and
capacitance should be used to ensure against
resonance effects.

•

RATINGS OF FILTER COMPONENTS

Although filter condensers in a choke-input
filter are subjected to smaller variations in d.c.
voltage than in the condenser-input filter, it is

advisable to use condensers rated for the peak
transformer voltage in case the bleeder resistor
should burn out when there is no load on the
power supply, since the voltage then will rise to
the same maximum value as it would with a
filter of the condenser-input type.
In a condenser-input filter, the condensers
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 case of acenter-tap rectifier having
a transformer delivering 550 volts each side of
the center- tap, the minimum safe condenser
voltage rating will be 550 X 1.41 or 775 volts.
An 800-volt condenser should be used, or preferably a 1000-volt unit to allow a margin of
safety.
Filter condensers are made in several different
types. Electrolytic condensers, which are available for voltages up to about 800, combine high
capacitance with small size, since the dielectric
is an extremely-thin film of oxide on aluminum
foil. Condensers for higher voltages usually are
made with adielectric of thin paper impregnated
with oil. The working voltage of a condenser is
the voltage that it will withstand continuously.
The input choke may be of the swinging type,
the required minimum no-load and full-load inductance values being calculated as described
above. For the second choke (
smoothing
choke) values of 10 to 20 henrys ordinarily are
used. Since chokes usually are placed in the
positive leads, the negative being grounded,
the windings should be insulated from the core
to withstand the full d.c. output voltage of the
supply and be capable of handling the required
load current.
Filter chokes or inductances are wound on
iron cores, with a small gap in the core to prevent magnetic saturation of the iron at high
currents. When the iron becomes saturated its
permeability decreases, consequently the inductance also decreases. Despite the air gap, the inductance of achoke usually varies to some extent
with the direct current flowing in the winding;
hence it is necessary to specify the inductance
at the current which the choke is intended to
carry. Its inductance with little or no direct
current flowing in the winding may be considerably higher than the value when full load
current is flowing.

Plate and Filament Transformers
Output Voltage
The output voltage which the plate transformer must deliver depends upon the required
d.c. load voltage and the type of filter circuit.
With a choke-input filter, the required r.m.s.
secondary voltage (each side of center-tap for a
center- tap rectifier) can be calculated by the
equation:
Et = 1.1[E.

±

1000

R2)

+
Er]

where E. is the required d.c. output voltage,
/ is the load current (including bleeder current)
in milliamperes, R1 and R2 are the d.c. resistances of the chokes, and E, is the voltage drop
in the rectifier. Et is the full-load r.m.s. secondary voltage; the open-circuit voltage usually
will be 5to 10 per cent higher than the full-load
value.
The approximate transformer output voltage
required to give a desired d.c. output voltage
with a given load with a condenser-input filter
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Fig. 7-11— Diagram showing various voltage drops
that must be taken into consideration in determining
the required transformer voltage to deliver the desired
output voltage.

system can be calculated with the help of
Fig. 7-11.
Example:
Required d.c. output volts — 500
Load current to be drawn — 100 ma.
Load resistance = 500 = 5000 ohms.

the current taken by the number of tubes which
may be connected in parallel across it. The
filament or heater transformer generally is
center-tapped, to provide a balanced circuit for
eliminating hum.
For medium- and high-power rd. stages of
transmitters, and for high-power audio stages,
it is desirable to use a separate filament transformer for each section of the transmitter, installed near the tube sockets. This avoids the
necessity for abnormally large wires to carry
the total filament current for all stages without
appreciable voltage drop. Maintenance of rated
filament voltage is highly important, especially
with thoriated-filament tubes, since under- or
over-voltage may reduce filament life.
Rewinding Filament Transformers

Although the home winding of high-voltage
transformers is a task that few amateurs un0.1
dertake these days, the rewinding of a smallIf the rectifier resistance is 200 ohms, Fig. 7-5
transformer secondary to give some desired
shows that the ratio of d.c. volts to the required
transformer r.m.s. voltage is approximately 1.15.
filament voltage is not difficult. It involves a
The required transformer terminal voltage
matter of only a small number of turns and the
under load with chokes of 200 and 300 ohms is
wire is large enough to be handled easily. Often
a broadcast-receiver power transformer with a
—
Er
k 1»
burned-out high-voltage winding, but with the
1.15
primary winding intact, can be converted into
200
300 )
an entirely satisfactory filament transformer
= 500 -I- 100
1000 -F200
without great effort.
1.15
The primary volt-ampere rating of a trans570
former to be rewound may be taken from the
— = 495 volts.
115
label on the transformer or from the manufacturer's catalogue. This will indicate whether or
Volt- Ampere Rating
not the transformer will be capable of handling
the necessary power. The secondary volt-ampere
The volt-ampere rating of the transformer
depends upon the type of filter (condenser or
rating will be ten to twenty per cent less than
the primary rating. The product of the voltage
choke input). With a condenser-input filter the
and the number of amperes required from the
heating effect in the secondary is higher because
new filament winding, plus that for any other
of the high ratio of peak to average current,
consequently the volt-amperes consumed by
secondaries that may be kept in use, should not
exceed the secondary volt-ampere rating, unless
the transformer may be several times the watts
delivered to the load. With a choke-input filter,
the builder is willing to accept a lower safety
factor.
provided the input choke has at least the critical
Before disconnecting the winding leads from
inductance, the secondary volt-amperes can be
their terminals, each should be marked for
calculated quite closely by the equation:
identification. In removing the core laminations,
Sec. V.A. = 0.00075E/
care should be taken to note the manner in
which the core is assembled, so that the rewhere E is the total r.m.s. voltage of the secassembling will be done in the same manner.
ondary (between the outside ends in the case
Some transformers have secondaries wound
of a center-tapped winding) and I is the d.c.
over the primary, while in others the order is
output current in milliamperes (load current
reversed. In case the secondaries are on the
plus bleeder current). The primary volt-amperes
inside, the turns can be pulled out from the
will be 10 to 20 per cent higher because of
center after slitting and removing the fiber
transformer losses.
core.
The turns removed from one of the original
Filament Supply
filament windings of known voltage should be
Except for tubes designed for battery operacarefully counted as the winding is removed.
tion, the filaments or heaters of vacuum tubes
This will give the number of turns per volt and
used in both transmitters and receivers are
the same figure should be used in determining
universally operated on alternating current obthe number of turns for the new secondary.
tained from the power line through a stepFor instance, if the old filament winding was
down transformer delivering a secondary voltrated at 5volts and has 20 turns, this is 20/5
age equal to the rated voltage of the tubes used
4 turns per volt. If the new secondary is to
The transformer should be designed to carry
deliver 7.5 volts, the required number of turns
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on the new winding will be 7.5 X 4 = 30 turns.
The Copper-Wire Table in the chapter of miscellaneous data shows the current-carrying capacity of various sizes of wire at a cross section
of 1500 circular mils per ampere. This is a conservative rating. A cross section of 1000 circular
mils per ampere is closer to the figure used for
most amateur-service transformers. In cheaper
broadcast-receiver transformers, the figure may
run as low as 500. The current-carrying capacity
at 1000 circular mils per ampere may be determined by pointing off three decimal places from
the right in the figures in the third column of
the table showing circular-mil area. As an example, No. 18 wire has acapacity of 1.7 amperes
at 1500 circular mils per ampere, 2.58 amperes at
1000 circular mils per ampere and 5.16 amperes
at 500 circular mils per ampere. The choice of
rating to be used in most cases will be decided
by the size of available wire and the available

winding space. If the transformer being rewound
is a filament transformer, it may be necessary
to choose the wire size carefully to fit the small
available space. On the other hand, if the transformer is a power unit, with the high-voltage
winding removed, there should be plenty of room
for asize of wire that will conservatively handle
the required current.
The insulation to be used between the primary and secondary windings (and also between
the secondary winding and the core if the secondary is on the inside) will depend on whether
the transformer is to be used to supply r.f.
tubes or rectifier tubes in a high-voltage supply.
A few layers of linen paper should be sufficient
for the former service, but insulating cambric
sheet should be used if the voltage between
primary and secondary runs more than 1000
volts.

Voltage Dropping
Series Voltage-Dropping Resistor
Certain plates and screens of the various
tubes in a transmitter or receiver often require
a variety of operating voltages differing from
the output voltage of available power supplies.
In most cases, it is not economically feasible
to provide aseparate power supply for each of
the required voltages. If the current drawn
by an electrode, or combination of electrodes
operating at the same voltage, is reasonably
constant under normal operating conditions,
the required voltage may be obtained from a
supply of higher voltage by means of avoltagedropping resistor in series, as shown in Fig.
7-12A. The value of the series resistor, RI, may
Ed
be obtained from Ohm's Law, R = — 'where
/

avoltage divider. The second resistor, R2, acts
as a constant load for the first, RI, so that
any variation in current from the tap becomes
a smaller percentage of the total current
through RI. The heavier the current drawn
by the resistors when they alone are connected
across the supply, the better will be the voltage
regulation 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 typical arrange4.0----•—

"VOAMOS.,----C!

R,

From
Power
Supply

To Load

o

-o

(A) =

Ed is the voltage drop required from the supply voltage to the desired voltage and Iis the
total rated current of the load.
Example: The plate of the tube in one stage
and the screens of the tubes in two other stages
require an operating voltage of 250. The nearest
available supply voltage is 400 and the total of
the rate,1 plate and screen currents is 75 ma. The
required resistance is
400 - 250
150
- — = 2000 ohms.
0.07.5
0.075
The power rating of the resistor is obtained
from P (
watts) = / 2R = (0.075) 2 (2000) = 11.2
watts. A 25-watt resistor is the nearest safe
rating to be used.

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 directly-proportional change in the voltage drop
across the resistor. The regulation can be improved somewhat by connecting a second resistor from the low-voltage end of the first to
the negative power-supply terminal, as shown
in Fig. 7-12B. Such an arrangement constitutes

From
Power
Supply

To Load

From
Power
Supply

(C)
Fig. 7-12 — A — Series voltage-dropping resistor. B —
Simple voltage divider. C — Multiple divider circuit.
Eo
R8

• R4
lb

-

lb

± h'

E Ra

=

lb +

E2
+

h
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ment is shown in Fig. 7-12C. The terminal
voltage is E, and two taps are provided to give
lower voltages, E1 and E2, at currents / I and /2
respectively. The smaller the resistance between taps in proportion to the total resistance,
the smaller the voltage between the taps. For
convenience, the voltage divider in the figure
is considered to be made up of separate resistances R3, R4, /
4, between taps. R3 carries
only the bleeder current, Ib; R4 carries / I in
addition to It,; R5 carries /2, 11 and lb. To calculate the resistances required, a bleeder cur-

rent, /b, must be assumed; generally it is low
compared with the total load current ( 10 per
cent or so). Then the required values can be
calculated as shown in Fig. 7-12C, I being in
decimal parts of an ampere.
The method may be extended to any desired
number of taps, each resistance section being
calculated by Ohm's Law using the voltage
drop across it and the total current through
it. The power dissipated by each section may
be calculated either by multiplying Iand E or
12and R.

Voltage Stabilization
Gaseous Regulator Tubes
There is frequent need for maintaining the
voltage applied to a low-voltage low-current
circuit at a practically constant value, regardless of the voltage regulation of the power
supply or variations in load current. In such
applications, gaseous regulator tubes ( VR10530, Vit 150-30, etc.) can be used to good advantage. The voltage drop across such tubes is
constant over a moderately wide current
range. Tubes are available for regulated voltages of 150, 105, 90 and 75 volts.
The fundamental circuit for a gaseous regulator is shown in Fig. 7-13A. The tube is connected in series with a limiting resistor, RI,
across a source of voltage that must be
higher than the starting voltage. The starting
voltage is about 30 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 required. The maximum permissible current with
most types is 40 ma.; consequently, the load
current cannot exceed 30 to 35 ma. if the voltage is to be stabilized over a range from zero
to maximum load current.
The value of the limiting resistor must lie
between that which just permits minimum
Unreg

Linn

From powersupply output

From powerSupply output

(A)

-

( B) tm

Fig. 7.13 — Voltage-stabilizing circuits using % it tubes.

tube current to flow and that which just passes
the maximum permissible tube current when
there is no load current. The latter value is
generally used. It is given by the equation:
R — 1000 (
E. — Er)
where R is the limiting resistance in ohms,
E. is the voltage of the source across which the
tube and resistor are connected, Er is the rated
voltage drop across the regulator tube, and
/ is the maximum tube current in milliamperes (usually 40 ma.).

Fig. 7-13B shows how two tubes may be
used in series to give a higher regulated voltage than is obtainable with one, and also to
give two values of regulated voltage. The limiting resistor may be calculated as above, using
the sum of the voltage drops across the two
tubes for Er.Since the upper tube must carry
more current than the lower, the load connected 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 exceed 30 to 35 milliamperes.
Voltage regulation of the order of 1per cent
can be obtained with regulator circuits of this
type.
Electronic Voltage Regulation
A voltage-regulator circuit handling higher
voltages and currents than the gaseous tubes,
and also having the feature that the output
voltage can be varied over a rather wide range,
is shown in Fig. 7-14. A high-gain voltageamplifier tube, usually a sharp cut-off pentode,
is connected in such a way that a small change
in the output voltage of the power supply
causes a change in grid bias, and thereby a
corresponding change in plate current. Its plate
current flows through a resistor (
R5), the voltage drop across which is used to bias asecond
tube — the " regulator" tube — whose platecathode circuit is connected in series with the
load circuit. The regulator tube therefore functions as an automatically-variable series resistor. Should the output voltage increase
slightly, the bias on the control tube will become more positive, causing the plate current
of the control tube to increase, and the drop
across Rà to increase correspondingly. The
bias on the regulator tube therefore becomes
more negative and the effective resistance of
the regulator tube increases, causing the terminal voltage to drop. A decrease in output
voltage causes the reverse action. The time lag
in the action of the system is negligible, and
with proper circuit constants the output
voltage can be held within a fraction of a per
cent throughout the useful range of load current and over awide range of supply voltages.
An essential in this system is the use of a
constant- voltage bias source for the control
tube. The voltage change which appears at the
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Fig. 7-14 — Electronic voltage regulator. The regulator
tube is ordinarily a2A3 or anumber of them in parallel,
the control tube a 6SJ7 or similar type. The filament
transformer for the regulator tube must be insulated for
the plate voltage, and cannot supply current to other
tubes when afilament- type regulator tube is used. Typical values: Ri, 10,000 ohm.; Ra„ 22,000 ohms; R3, 10,000.
ohm potentiometer; R4, 4700 ohms; Ra, 0.47 megohm.

grid of the tube is the difference between afixed
negative bias and a positive voltage which is
taken from the voltage divider across the output. To get the most effective control, the negative bias must not vary with plate current.
The most satisfactory type of bias is a dry
battery of 45 to 90 volts, but a gaseous regulator tube ( VR75-30) or a neon bulb of the
type without aresistor in the base may be used
instead. If the gas tube or neon bulb is used, a
negative- resistance type of oscillation may
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take place at audio frequencies or higher, in
which case a condenser of 0.1 dd. or more
should be connected across the tube. A similar
condenser between the control- tube grid and
cathode also is frequently helpful in this
respect.
The variable resistor, R3, is used to adjust
the bias on the control tube to the proper
operating value. It also serves as an output
voltage control, setting the value of regulated
voltage within the existing operating limits.
The maximum output voltage obtainable is
equal to the power-supply voltage minus the
minimum drop through the regulator tube.
This drop is of the order of 50 volts with the
tubes ordinarily used. The maximum current
also is limited by the regulator tube; 100 milliamperes is a safe value for the 2A3. Two or
more regulator tubes may be connected in
parallel to increase the current-carrying capacity, without need for changes in the circuit
arrangement.
The circuit of a regulated supply of this type
is shown in Fig. 7-15. The OB2 regulators provide aconstant reference for triode B. When the
load current decreases, the plate voltage on B
increases and the bias on A decreases. A draws
more current.through Ra, increasing the bias on
the 6Y6Gs. This increases the voltage drop
across the 6Y6Gs, which are in series with the
output line, thereby decreasing the output voltage. At 300 volts output, voltage change will be
negligible with variation in load current from
5ma. to 150 ma.

Fig. 7-15— Circuit Wagram of an electronically-reguated power supply rated at 320 volts max., 150 ma. max.
113 — 9100 ohms, 1watt.
CI, a — 16-pfd. 600-volt electroly tic.
Rio — 0.1-megohm potentiometer.
Ca — 0.015-afd. paper.
— 43,000 ohms,
watt.
C4 — 0.1-pfd. paper.
Ri — 0.3 megohm, .q watt.
I — 8-hy., 40-ma, filter choke.
112, R3 — 100 ohms,
watt.
St — S.p.s.t. toggle.
R4 — 510 ohms, 3a watt.
Ti — Power transformer: 375-375 volts
Ra, Rs — 30,000 ohms, 2 watts.
r.m.s., 160 ma.; 6.3 volts, 3
Re — 0.24 megohm, 3/2'Watt.
amps.; 5volts. 3amps.
R7 — 0.15 megohm, 3.4 watt.
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Bias Supplies

As discussed in the chapter on high-frequency
transmitters, the chief function of a bias supply
for the r.f. stages of a transmitter is that of providing protective bias, although under certain
circumstances, a bile supply, or pack, as it is
sometimes called, can provide the operating bias
if desired.

R,
From Bias
Supply

vR

+0

o
Sias
0+

(
A)

Simple Bias Packs
Fig. 7-16A shows the diagram of a simple
bias supply.
should be the recommended
grid leak for the amplifier tube. No grid leak
should be used in the transmitter with this
type of supply. The output voltage of the supply, when amplifier grid current is not flowing,
should be some value between the bias required for plate- current cut-off and the recommended operating bias for the amplifier tube.
The transformer peak voltage ( 1.4 times the
r.m.s. value) should not exceed the recommended operating- bias value, otherwise the
output voltage of the pack will soar above the
operating-bias value with rated grid current.
This soaring can be reduced to aconsiderable
extent by the use of a voltage divider across

rei

From Bias
Supply
+0

0+

(B)
-

From Bias
Supply

(,e

From Bias
Supply

From Bias
Supply

(C)
Eue. 7-16 — Simple bias- supply circuits. In A, the peak
'ter voltage must not exceed the operating value
of bia. Ihe circuits of II (half-wave) and C (full-wave)
r,l,ts 1,,• u-ed to reduce transformer voltage to the rectitier. fel i- the recommended grid-leak resistance.

(F)

Fig. 7-17 — Illustrating the use of VII tubes in stabiliz.
ing protective-bias supplies. Kt is aresistor whose value
is adjusted to limit the current through each VII tube
to 5 ma. before amplifier excitation is applied. R and
R2 are current-equalizing resistors of 50 to 300 ohms.
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the transformer secondary, as
shown at B. Such asystem can
be used when the transformer
voltage is higher than the operating-bias value. The tap on
R2 should be adjusted to give
amplifier cut-off bias at the
output terminals. The lower
the total value of R2, the less
the soaring will be when grid
current flows.
A full-wave circuit is shown
in Fig. 7-16C. R3 and R4
should have the same total
resistance and the taps should
be adjusted symmetrically. In
all cases, the transformer must
be designed to furnish the current drawn by these resistors plus the current drawn
by Rt.

+C
T.

5
VR-So

115 V. AC.

Fig 7-18 — Circuit diagram of an electronically 'regulated bias supply.
R7 — 0.1-megolun potentiometer.

Ci — 20-afd. 450-volt electrolytic.
C2 — 20-afd. 150-volt electrolytic.
Ri — 5000 ohms, 25 watts.
Ra — 22,000 ohms, ' 2 watt.
Ra — 68.1100 ohms, 12 watt.
R4 — 0.27 megohm, 12 watt.
Es — 3000 ohms, 5 watts.
R, — 0.12 megohm, !.2watt.

Regulated Bias Supplies
The inconvenience of the circuits shown in
Fig. 7-16 and the difficulty of predicting
values in practical application can be avoided
in most cases by the use of gaseous voltageregulator tubes across the output of the bias
supply, as shown in Fig. 7-17A. A VR tube
with a voltage rating anywhere between the
biasing-voltage value which will reduce the input to the amplifier to asafe level when excitation is removed, and the operating value of
bias, should be chosen. R1 is adjusted, without amplifier excitation, until the VR tube
ignites and draws about 5ma. Additional voltage to bring the bias up to the operating value
when excitation is applied can be obtained
from agrid leak (see transmitter chapter).
Each VR tube will handle 40 ma. of grid
current. If the grid current exceeds this value
under any condition, similar VR tubes should
be added in parallel, as shown in Fig. 7-17B, for
each 40 ma., or less, of additional grid current.
The resistors R2 are for the purpose of helping to
maintain equal currents through each VR tube.
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 Fig. 7-170 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 tht
total grid current of all stages so connected
does not exceed the current rating of the VR
tube or tubes. Alternatively, other separate
VR-tube branches may be added in any desired combination to the same supply, as shown
in Fig. 7-17E, to suit the needs of each stage.
Providing the VR-tube current rating is not
exceeded, aseries arrangement may be tapped
for lower voltage, as shown at F.
The circuit diagram of an electronicallyregulated bias-supply is shown in Fig. 7-18.

Rs — 27,000 ohms, !..¡ watt.
Li — 20-by. 50-ma, filter choke.
T1— Power transformer: 350 volts
r.m.s. each side of center. 50
ma.; 5 volts, 2 amp.; 6.3
volts. 3 amp.

The output voltage may be adjusted to any
value between 20 volts and 80 volts and the
unit will handle grid currents up to 200 ma.
over the range of 30 to 80 volts, and 100 ma.
over the remainder of the range. This will
take care of the bias requirements of most
tubes used in Class B amplifier service. The
regulation will hold to about 0.001 volt per
milliampere of grid current.
Other Sources of Biasing Voltage
In some cases, it may be convenient to obtain the biasing voltage from a source other
than a separate supply. A half-wave rectifier
may be connected with reversed polarization
to obtain biasing voltage from a low- voltage
plate supply, as shown in Fig. 7-19A. In another arrangement, shown at B, a spare filament winding can be used to operate afilament

H.V.

Pri
e

.
VR

Bras

(A)

(B)
Fig. 7-19 — Convenient means of obtaining biasing
voltage. A — From a low.voltage plate supply. B —
From spare filament minding. Ti is afilament transformer, of a voltage output similar to that of the spare
filament minding, connected in reverse to give 115 volts
r.m.s. output. If cold-cathode or selenium rectifiers are
used, no additional filament supply is required.
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transformer of similar voltage rating in reverse
to obtain a voltage of about 130 from the
winding that is customarily the primary. This
will be sufficient to operate a VR75 or VIt90.
A bias supply of any of the types discussed

requires relatively little filtering, if the outputterminal peak voltage does not approach the
operating-bias value, because the effect of the
supply is entirely or largely " washed out" when
grid current flows.

Selenium-Rectifier Circuits
While the circuits shown in Figs. 7-20, 7-21
and 7-22 may be used with any type of rectifier, they find their greatest advantage when
used with selenium rectifiers which require no
filament transformer.

1 5o
V. AC.
o
Fig. 7-20 — Simple
rectifier.

c
21
—,

half-wave

circuit

for

scie •

Ci — 0.05- gfd. 600-volt paper.

40-gfd. 2O0. oit electrolytic.
— 25 to 100 ohms.

C2 —

Fig. 7-20 is a straightforward half- wave
rectifier circuit which may be used in applications where 115 to 130 volts d.c. is desired. It
can be used for bias supply, for instance. In
this, as well as other circuits, it will be observed that the negative side of the output is
common with one side of the a.c. line and it is
suggested that this side be fused with a
ampere fuse.
Fig. 7-21 shows several voltage- doubler
circuits. Of the three, the one shown at A is the
most desirable since there is no series condenser. It is a full- wave circuit and there will
be very little ripple voltage appearing at the

1 5V. A.C.
o

o

1A.5C.V.
/
1
2
_o
o
II5VAC
o

Pl

(A)

(A)

(B)

Fig.
7-22 — Selenium-rectifier
%oitage-utzadrupling circuits.

voltage-tripling

and

Ci — 0.05-gfd. 600-volt paper.
Ca — 40- 51d. 450- volt electrolytic.
1 — 25 to 100 ohms.

o

1 5V. A.0

0

(C)
Fig. 7-21 — Voltage-doubling
selenium rectifiers.

output. On the other hand, the circuit of C has
one very desirable feature in that point X is
common to both condensers in the rectifier
and also to the first condenser in the filter.
This means that a single- unit three-section
condenser may be used, saving space. If less
than 100 ma. is being used this is the best circuit. The ripple content under these conditions,
and the leakage between sections, will not be
excessive. These three circuits will find ready
application in communications receivers, converters, VFOs, test equipment, etc., and especially in cases where heat has been a problem.
Fig. 7-22A and B shows voltagetripler and
voltagequadrupler circuits respectively, for use
where higher voltages are desired. They can be
used for powering the small transmitter.

circuits

CI— 0.05-pfd. 600-volt paper.
C2 — 40-gfd 200-volt electroly tic.
Ca — Filter condenser.
Ri — 25 to 100 ohms.
Li — Filter choke.

for

use

with

All components are standard. C1 in all circuits is for " hash" filtering and its value is not
critical. A 0.05-11fd. 600-volt- working condenser should serve. All other condensers
should be 40-pfd. 200- volt units, except those
in the tripler and quadrupler circuits. Those in
the circuit of Fig. 7-22 should have arating of
450 volts working. In the voltage multipliers
and in other circuits where acondenser is passing the full current, good condensers should be
used because the a.c. ripple mentioned above
appears across the condenser and increases as
the load increases. If the current is allowed to
become too high, it will cause heating and
deterioration of the condenser. This can be
kept to a minimum by using a capacitor of
high value and making sure it is of good make.
R1 should be 25 ohms, but if it is found that the
rectifier units are running a little too warm,
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this value may be increased to as high as 100
ohms, with a corresponding drop in output
voltage, of course.

•POWER- LINE

Power Line Considerations
CONNECTIONS

If the transmitter is rated at much more
than 100 watts, special consideration should be
given to the a.c. line 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. 7-23A. In systems of this
type, usually it will be found that the 115volt household load is divided as evenly as
possible between the two sides of the circuit,
half of the load being connected between one
wire and the neutral, while the other half of
the load is connected between the other wire
and neutral. Heavy appliances, such as electric
stoves and heaters, normally are designed for
230- volt operation and therefore are connected
across the two ungrounded wires. While both
ungrounded wires should be fused, a fuse
should never be used in the wire to the neutral,
nor should a switch be used in this side of the
line. The reason for this is that opening the
neutral wire does not disconnect the equip-

No fuse or switch

(A)

(C)

A single-section filter, as shown in Fig.
7-21C, will provide sufficient smoothing for
most applications.

(B)

(D)

Fig. 7-23 — 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 switch in
the neutral does not remove voltage from either side of
the line. C — Connections for both 115 - and 230- volt
transformers. 1) — Operating a 115- volt plate transformer from the 230- volt line to avoid light blinking.
Ti is a2-to- 1step-down transformer.

ment. It simply leaves the equipment on one
side of the 230-volt circuit in series with whatever load may be across the other side of the
circuit, as shown in Fig. 7-238. Furthermore,
with the neutral open, the voltage will then be
divided between the two sides in proportion 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, receiver and other auxiliary equipment, it is not
unusual to find this 15-ampere rating exceeded
by the requirements of astation of only moderate power. It must also be kept in mind that
the same branch may be in use for other household purposes through another outlet. For this
reason, and to minimize light blinking when
keying or modulating the transmitter, a separate heavier line should be run from the distribution board to the station whenever
possible. ( A three-volt drop in line voltage
when the load is applied will cause noticeable
light blinking.)
If the system is of the three- wire type, the
three wires should be brought into the station
so that the station load can be distributed to
keep the line as balanced as possible. The voltage across a fixed load on one side of the circuit will increase as the load current on the
other side is increased. The rate of increase
will depend upon the resistance introduced by
the neutral wire. If the resistance of the neutral is low, the increase will be correspondingly
small. When the currents in the two circuits
are balanced, no current flows in the neutral
wire and the system is operating at maximum
efficiency.
Light blinking can be minimized by using
transformers with 230-volt primaries in the
power supplies for the keyed or intermittent part
of the load, connecting them across the two
ungrounded wires with no connection to the
neutral, as shown in Fig. 7-23C. The same
can be accomplished by the insertion of astepdown 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. 7-23D).
When a special heavy-duty line is to be installed, the local power company should be
consulted as to local requirements. In some
localities it is necessary to have such a job
done by a licensed electrician, and there may
be special requirements to be met in regard to
fittings and the man nor of installation. Some
amateurs terminate the special line to the
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station at a switch box, while others may use
electric-stove receptacles as the termination.
The power is then distributed around the station by means of conventional outlets at • •
convenient points. All circuits should be 3, •
properly fused.

•LINE-VOLTAGE ADJUSTMENT

115VA C
0-

In certain communities trouble is sometimes
experienced from fluctuations in line voltage.
Usually these fluctuations are caused by a
variation in the load on the line and, since
most of the variation comes at certain fixed
times of the day or night, such as the times
when lights are turned on at evening, they may
be taken care of by the use of a manuallyoperated compensating device. A simple arrangement is shown in Fig. 7-24A. A toy transformer is used to boost or buck the line voltage
as required. The transformer should have a
tapped secondary varying between 6 and 20
volts in steps of 2or 3 volts and its secondary
should be capable of carrying the full load current of the entire transmitter, or that portion
of it fed by the toy transformer.
The secondary is connected in series with the
line voltage and, if the phasing of the windings
is correct, the voltage applied to the primaries
of the transmitter transformers can be brought
up to the rated 115 volts by setting the toyTo
fringed* 9

115V. A.C.
(A)

To
transmitter

115 V. A.C.

(B)

Fig. 7-24 — Two methods of transformer primary control. At A is atapped toy transformer which may be
connected so as to boost or buck the line voltage as required. At B is indicated a variable transformer or
autotransformer (Variac) which feeds the transformer
primaries.
transformer tap switch on the right tap. If the
phasing of the two windings of the toy transformer happens to be reversed, the voltage will
be reduced instead of increased. This connection may be used in cases where the line voltage
may be above 115 volts. This method is preferable to using a resistor in the primary of a
power transformer since it does not affect the

105

s,
v 12 5v

E

•
•

00 Q.i10

Fi I

00W

fer
FI

Fit

Fig. 7.25— With this circuit, asingle adjustment of the
tap switch St places the correct primary voltage on all
transformers in the transmitter. Information on constructing asuitable autotransformer at negligible cost is
contained in the text. The light winding represents the
regular primary winding of arevamped transformer, the
heavy winding the voltage-adjusting section.
voltage regulation as seriously. The circuit of
7-24B illustrates the use of a variable transformer ( Variac) for adjusting line voltage to
the desired value.
Another scheme by which the primary voltage of each transformer in the transmitter may
be adjusted to deliver the desired secondary
voltage, with amaster control for compensating
for changes in line voltage, is described in Fig.
7-25.
This arrangement has the following features:
1) Adjustment of the switch S, to make the
voltmeter read 105 volts automatically adjusts
all transformer primaries to the predetermined
correct voltage.
2) The necessity for having all primaries
work at the same voltage is eliminated. Thus,
110 volts can be applied to the primary of one
transformer, 115 to another, etc.
3) Independent control of the plate transformer is afforded by the tap switch S. This
permits power-input control and does not require an extra autotransformer.
Constant- Voltage Transformers
Although comparatively expensive, special
transformers called constant-voltage transformers are available for use in cases where it is
necessary to hold line voltage and/or filament
voltage constant with fluctuating supply-line
voltage. They are rated over a range of 17 va.
at 6.3 volts output, for small tube-heater demands, up to several thousand volt-amperes at
115 or 230 volts. In average figures, such transformers will hold their output voltages within
one per cent under an input-voltage variation
of 30 per cent.
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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 —

and adequate contact surface. Plate leads to
mercury-vapor tithes should he kept short to
minimize the radiation of noise.
Where high- voltage wiring must pass
through a metal chassis, grommet- lined clearance holes will serve for voltages up to 500 or
750. but ceramic feed- through insulators

Fig. 7- 26— A typical simple receiver power supply.
Filament and plate voltages are taken from the multi.
contact tube socket which serves as an outlet.

Fig. 7- 27— Bottom view of the receiver power supply
showing the cut-out for the flush-mounting transformer.

most important of all — safety to the operator.
Exposed high- voltage terminals or wiring
which might be bumped into accidentally
should not be permitted to exist. They should
be covered with adequate insulation or placed
inaccessible to contact during normal operation and adjustment of the transmitter. Powersupply units should be fused individually.
Rec.tifier filament leads should be kepi short
to assure proper voltage at the rectifier socket.,
and the sockets should have good insulation

should be used for higher voltages. Bleeder and
voltage- dropping resistors should be placed
where they are open to air circulation. Placing
them in confined space reduceS the rating.
It is highly preferable from the standpoint
of operating convenience to Lave separate
filament transformers for the rectifier tubes,
rather than to use combination filament and
plate transformers, such as 1hose used in receivers. This permits the transmitter plate
voltage to be switched on without the necessity

Fig. 7-28 — A typical highvoltage transmitter power
supply. The transformer.,
choke-s and eondenser. are
inverted so that no terminal.
are exposed to aceidental
contact. The caps of the 866
rectifiers arc the insulated
type.
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•
Fia. 7-29 — Bottom view of
the transmitter power supply showing the cut-outs
fo r
. the terminals. Separate
power plugs are used for the
rectifier-filament and plate
transformers so that they
may he switched independently from the control position.

•
positive terminals of power supplies. The wedge
for waiting for rectifier filaments to come up
mounted on the door pushes against the susto temperature after each time the high voltage
pending cord, lifting the ball when the door is
has been turned off.
closed. The power supplies should be equipped
A bleeder resistor with apower-rating giving
with suitable fuses to save the equipment in case
a considerable margin of safety should be used
the device is ever called upon to perform its duty.
across the output of all transmitter power supplies so that the filter condensers will
be discharged when the high-voltage
Cabinet door
transformer is turned off. To guard
Anchor
against the possibility of danger to
the operator should the bleeder resistor burn out without his knowledge, and also to protect him in case
Cabinet Door
he neglects to turn off the power supFrame
—C,rd
ply before opening a cabinet transLoose
mitter enclosure, one of the devices
Pivot
shown in Fig. 7-30 is recommended.
In A, a. grounded pivoted metal lever
Guide
Metal
rings
drops by gravity against a contact
Arm
connected to the positive high-voltage terminal when the cabinet door is
Tos
opened, shorting the power supply.
li.V.
Metal
When the door is closed, it pushes
Ball
against the end of the lever protrud+L.V.
ing through the door opening and the
+MY.
short is removed automatically. In
another scheme, shown at B, ametal
ball, suspended on acord, drops into
a triangle of contacts, one of which Fig. 7-30 — Two schemes for .
1torting, tile high-soltagc supply autohen the transmitter door is opened.
is grounded, while the other two go to matically for safety pur --- s

(A)

(
B)

Emergency and Independent Power Sources
Emergency power supply which operates independently of a.c. lines is available, or can be
built in anumber of different forms, depending
upon the requirements of the service for which
it is intended.
The most practical supply for the average
individual- amateur is one that operates from
a 6- volt car storage battery. Such a supply
may tttle the form of a small motor generator
(often called agenemotor), a rotary converter,
or avibrator-transformer-reet ifier combination.
Dynamo fors
A dynamotor differs from a motor generator
in that it is asingle unit having adouble arma-

lure Nvinding. One winding servis for the
driving motor, while the output voltage is
taken from the other. Dynamotors usually are
operated from 6-, 12-, 28- or 32- volt storage
batteries and deliver from 300 to 1000 volts
or more at various current ratings.
Genemotor is a term popularly used when
making reference to a dynamotor designed
especially for automobile-rerei ver, soundtruck and similar applicatiiins. It has good
regulation and efficiency, combined with economy of operation. Standard models of genemotors have ratings ranging from 135 volts at
30 ma. to 300 volts at 200 nia. or 600 volts at
300 ma. The normal efficiency averages around
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50 per cent, increasing to better than 60 per
cent in t
he higher- power units. The voltage
regulation of a genemotor is comparable to
that of well- designed a.e. supplies.
Successful operation of dynamotors and
genemotors requires heavy direct leads, mechanical isolation to reduce vibration, and
thorough r.f. and ripple filtration. The shafts
and bearings should be thoroughly " run in"
before regular operation is attempted, and
thereafter the tension of the bearings should be
checked occasionally to make certain that no
looseness has developed.
In mounting the genemotor, the support
should be in the form of rubber mounting
blocks, or equivalent, to prevent the transmission of vibration mechanically. The franie of
the genemotor should be grounded through a
heavy flexible connector. The brushes on the
high-voltage end of the shaft should be bypassed with 0.002-afd. mica condensers to a
common point on the genemotor frame, preferably to a point inside the end cover close to
the brush holders. Short leads are essential.
It may prove desirable to shield the entire
unit, or even to remove the unit to a distance
of tbree or four feet from the receiver and antenna lead.
When the genemotor is used for receiving, a
filter should be used similar to that described
for vibrator supplies. A 0.01-pfd. 600- volt
«I.e.) paper condenser should be connected in
Iiuot across the output of the genemotor, followed by a 2.5-mh. r.f. choke in the positive
high- voltage lead. From this point the output
should be run to the receiver power terminals
through a smoothing filter using 4- to 8-afd.
condensers and a 15- or 30- henry choke having
low d.c. resistance.
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unit is connected to a storage battery, plate
power is obtained by passing current from the
battery through the primary of the transformer. The circuit is made and reversed
rapidly by the vibrator contacts, interrupting
the current at regular intervals to give a
changing magnetic field which induces a voltage in the secondary. The resulting squarewave d.c. pulses in the primary of the transformer cause an alternating voltage to be
developed in the secondary. This high-voltage
a.c. in turn is reef ified, either by avacuum- tube
rectifier or by an additional synchronized pair
of vibrator contacts. The rectified output is
pulsating d.c., which may be filtered by ordinary means. The smoothing filter can be a
single-section affair, but the filter output
capacitance should be fairly large — 16 to
32 ¡it'd.
Fig. 7-31 shows the two types of circuits. At
A is shown the nonsynchronous type of vibrator. When the battery is disconnected the
reed is midway between the two contacts,
touching neither. On closing the battery circuit
the magnet coil pulls the reed into contact
with one contact point, causing current to flow
through the lower half of the transformer
primary winding. Si nultaneously, the magnet

A. C. - D. C. Converters
In some instance› it is desirable to utilize
existing equipment built for 115- volt a.c. operation. To operate such equipment with any of
the power sources outlined above would require a considerable amount of rebuilding.
This can be obviated by using a rotary converter capable of changing the d.c. from 6-,
12- or 32- volt batteries to 115- volt 60- cycle a.c.
Such converter units are built to deliver outputs
ranging from 40 to 300 watts, depending upon
the bat tery power available.
The conversion efficiency of these units
averages about 50 per cent. In appearance and
operation they are similar to genemotors of
equivalent rating. The over-all efficiency of
the converter will be lower, however, because
of losses in the a.c. rectifier- filter circuits and
the necessity for converting heater ( which is
supplied directly from the battery in the case
of the genemotor) as well as plate power.
Vibrator Power Supplies
The vibrator type of power supply consists
of aspecial step-up transformer combined with
a vibrating interrupter (vibrator). When the

(B)
Fig. 7-31 — Basic types of vibrator power-supply
circuits. A—Nonsynchronous. B—Synchronous.
coil is short-circuited, deënergizing it, and the
reed swings back. Inertia carries the reed into
contact with the upper point, causing current
to flow through the upper half of the transformer primary. The magnet coil again is energized, and the cycle repeats itself.
The synchronous circuit of Fig. 7-31B is
provided with an extra pair of contacts which
rectify the secondary output of the transformer, thus eliminating the need for a separate rectifier tube. The secondary center-tap
furnishes the positive output terminal when
the relative polarities of primary and secondary windings are correct. The proper connections may be determined by experiment.
The buffer condenser, C2, across the transformer secondary, absorbs the surges that
occur on breaking the current, when the magnetic field collapses practically instantaneously
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and hence causes very high voltages to be
induced in the secondary. Without this condenser excessive sparking occurs at the vibrator
contacts, shortening the vibrator life. Correct
values usually lie between 0.005 and 0.03 mfd.,
and for 250-300-volt supplies the condenser
should be rated at 1500 to 2000 volts d.c. The
exact capacitance is critical, and should be
determined experimentally. The optimum
value is that which results in least battery
current for a given rectified d.c. output from
the supply. In practice the value can be determined by observing the degree of vibrator
sparking as the capacitance is changed. When
the system is operating properly there should
be practically no sparking at the vibrator contacts. A 5000-ohm resistor in series with C2 will
limit the secondary current to a safe value
should the condenser fail.
Vibrator- transformer units are available in a
variety of power and voltage ratings. Representative units vary from one delivering 125
to 200 volts at 100 ma. to others that have a
400-volt output rating at 150 ma. Most units
come supplied with " hash" filters, but not all
of them have built-in ripple filters. The requirements for ripple filters are similar to those
for a.c. supplies. The usual efficiency of
vibrator packs is in the vicinity of 70 per cent,
so a 300- volt, 200- ma. unit will draw ap-

RFC2

To 6- volt
storage battery

Fig. 7-32 — Circuit of ia combination a.c.-d.c. power
supply for emergency work.
C: — 0.01-ofd. 600-volt paper.
C2 — 8. 00fd. 450-volt electrolytic.
C3 — 32- m fd. 450-volt electrolytic.
C4 — 0.005-to 0.01-pfd. 1600-volt paper.
Cs — 500-mfd. electroly tic, 25 volts or higher.
Co — 100-omfd. 600-volt mica.
RI— 4700 ohms, 1watt.
Li — 10- to 12-by. filter choke, 100 ma. (not over 100
ohms) (Stancor C-2303 or equivalent).
RFC: — 2.5-mh. r.f. choke.
RFC2 — 55 turns No. 12 on 1-inch form, close-wound.
Si, S2 — Toggle 8% itch.
Ti — Power transformer: 275 to 300 volts r.m.s. each
side of center tap, 100 to 150 ma., 6.3-volt
filament st, inding.
Ta — Vibrator transformer (Stancor P-6131 or similar).
V113 — Vibrator unit ( Mallory 500P, 294, etc.).

proximately 15 amperes from a 6- volt storage
battery. Special vibrator transformers are also
available from transformer manufacturers so
that the amateur may build his own supply if
he so desires. These have d.c. output ratings
varying from 150 volts at 40 ma. to 330 volts
at 135 nia.
"Hash" Elimination
Sparking at the vibrator contacts causes r.f.
interference (" hash, - which can be distinguished from hum by its harsh, sharper pitch)
when used with a receiver. To minimize this,
r.f. filters are incorporated, consisting of RFC '
and C1in the battery circuit, and RFC2with C3
in the d.c. output circuit.
Equally as important as the hash filter is
thorough shielding of the power supply and
its connecting leads, since even a small piece
of wire or metal will radiate enough r.f. to cause
interference in asensitive receiver.
Testing in connection with hash elimination
should be carried out with the supply operating
a receiver. Since the interference usually is
picked up on the receiving- antenna leads by
radiation from the supply itself and from the
bat tery leads, it is advisable to keep the supply
and battery as far from the receiver as t
he connecting cables will permit. Three or four feet
should be ample. The microphone cord likewise
should be kept away from the power supply and
its leads.
The power supply should be built on ametal
chassis, with all unshielded parts underneath.
A bottom plate to complete the shielding is advisable. The transformer case, vibrator
cover and the metal shell of the tube all
V.
should be grounded to the chassis. If a
6.3VA..
glass tube is used it should be enclosed
lo fi Is.
in a tube shield. The battery leads
should be evenly twisted, since these
leads are more likely to radiate hash
than any other part of a well-shielded
supply. Experimenting with different
values in the hash filters should come
6V. D.C.
after radiation from the battery leads
h
has been reduced to aminimum. Shielding the leads is not often found to be
particularly helpful.

• PRACTICAL

VIBRATOR- SUPPLY

CIRCUIT

A vibrator- type power supply may be designed to operate from a six- volt storage battery only, or in acombination unit which may
be operated interchangeably from either battery or 115 volts a.c.
An example of the latter-type circuit is
shown in Fig. 7-32. It consists essentially of
two transformer-rectifier systems — one for
115 volts a.c. and the other a vibrator system
to operate from a 6-volt storage battery. A
common filter is used for the two systems. In
interchanging between a.c. and d.c. operation,
the rectifier tube ( a 6X5 or 6W5G) is shifted to
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Fig. 7-33 — A ty viral
for low-power emergency
are mounted at either end
denser is at the left, the
center and the vibrator to

specifications given should be adequate, but
if there is trouble with hash it may be beneficial
to experiment with other sizes. The wire should
be large — No. 12. preferably, or No. 14 as a
minimum. Manufactured chokes such as the
Mallory RF583 are more compact and give
higher inductance for a given resistance because
they are bank- wound, and may be substituted if
obtainable. C5 should be at least 500 dd.; even
more capacitance may help in bad cases of hash.
The components are assembled on a5 X 10 X 3inch steel chassis. Three socket holes are required
— one for the 4- prong socket for the vibrator and
two octal sockets for the rectifier. The a.c. line
cord and battery and power-output leads are
brought out at the rear.
The compactness of selenium rectifiers and
the fact that they do not require filament voltage make them particularly suited to compact
lightweight power supplies for portable emergency work.
Fig. 7-34 shows the circuit of avibrator pack
that will deliver an output voltage of 400 at
200 ma. It will work with either 115-volt ac.
or 6- volt battery input. The circuit is that of
the familiar voltage tripler whose d.c. output
voltage is, as a rough approximation, three
times the peak voltage delivered by the transformer or line. An interesting feature of the
circuit is the fact that the single transformer
serves as the vibrator transformer when operating from 6-volt d.c. supply and as the
filament transformer when operating from an
a.c. line. This is accomplished without complicated switching.
The vibrator transformer, T1, is a dualsecondary 6.3- volt filament transformer connected in reverse. In either event, the filament
windings must have a rating of 10 amperes if
the full load current of 200 ma. is to be used.
Some excellent surplus transformers that will
handle the required current are now available
on the surplus market. The vibrator also must
be capable of handling the current. The hashfilter choke, LI,must carry a current of 20
amperes.
The following table shows the output voltage
to be expected at various load currents, depending upon the size of condensers used at
CI, C2 and C3.

pim.er pack
work. The two trail:formers
of the «diassis. The filter contwo rectifier sockets at the
the rear.

the appropriate socket, while the filament connections are made to the proper output terminals. If desired, two rectifier tubes may lw
used and the changeover made through suitable switches.
RI. filters for reducing hash are incorporated in both primary and secondary circuits. The secondary filter consists of a0.01-eifd.
paper condenser directly across the rectifier
output, with a 2.5-mh. r.f. choke in series
ahead of the smoothing filter. In the primary
circuit alow- inductance choke and high- capacitance condenser are needed because of the
low impedance of the circuit. A choke of the

6.35 to fils.

MSS. AC

÷••C s

..L

1,
0U

s,
O

C
em.

6- volt bait

Fig. 7-34 — Circuit diagram of a compact vibrator-a.c.
portable power slippl) using sel
m rectifiers.
Co — 60-gfd. 200- volt electrolytic.
Ca — 60-gfd. 400- volt electrolytic.
— 60-gfd. 600-volt electrolytic.
C4 — 25 pfd. 25-volt electrolytic.
Cs, C6 —
25- volt paper.
C7 — 0.007- gfd. 1500- volt paper.
11t — 25,000 ohms, 10 watts.
Li —
20-amp. choke.
So — 115.v oit toggle switch.
Sa — D.p.d.t. heavy-duty knife switch.
— 25-amp. s.p.s.t. switch.
Ti — See text.
V — Heavy-duty vibrator.

CI. Ca. Ca
(dd.)

50 ma.

60
40
20

455
425
400

Output Voltage at
100 ma.
150 ma.

430
390
340

415
360
285

200 ma.

395
330
225

In operating the supply from an a.c. line, it is
always wise to determine the plug polarity with
respect to ground. Otherwise the rectifier part
of the circuit and the transformer circuit cannot be connected to actual ground except
through by-pass condensers. Rectangular cutouts are also needed for the two flush-mounting
transformers. The filter choke, LI, and other
small components can be fitted under the chassis.
The clip leads to the battery should be no longer
than necessary.
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CHAPTER 7
DRIVEN

GENERATORS

l'or higher- power installations, such as for
communications control centers during emergencies, the most practical form of independent
power supply is the gasoline-engine driven
generator which provides standard 115- volt
60- cycle supply.
Such generators are ordinarily rated at a
minimum of 250 or 300 watts. They are available up to two kilowatts. or big enough to
handle the highest- power amateur rig. Most
are arranged to charge automatically an auxiliary 6- or 12- volt battery used in starting.
Fit ted with self-starters and adequate mufflers
and filters, they represent a high order of performance and efficiency. Many of the larger
models are liquid-cooled, and they will operate
continuously at full load.
A variant on the generator idea is the use of
fan- belt drive. The disadvantage of requiring
that the automobile must be running throughout the operating period has not led to general
popularity of this idea among amateurs.
Such generators are similar in construction and
capacity to the small gas-driven units.
Tlie output frequency of an engine- driven
generator must fall bet ween the relatively
narrow limits of 50 to 60 cycles if standard
60- cycle transformers are to operate eflieiently
from this source. A 60- cycle elect ric clock provoles ameans of checking the output frequency
with a fair degree of accuracy. The clock is
connected across the output of the generator
and the second hand is checked closely against
the second hand of a watch. The speed of the
engine is adjusted until the two second hands
are in synchronism. If a 50- cycle clock is used
to check a 60-eyele generator, it should be
remembered that one reyolui ioit of the second
hand will be made in 50 seconds and the clock
will gain 4.8 hours in each 24 hours.
Output voltage should be checked with a
voltmeter since astandard 115- volt ht ni bulb,
which is sometimes used for this purpose, is
very inaccurate. Tests have shown that what
appears to be normal brilliance in the lamp
may occur at voltages as high as 150 if the
check is made in bright sunlight.
Noise Elimination
Electrical noise which may interfere with receivers operating from engine- driven a.c. generators may be reduced or eliminated by taking proper precautions. The most important
point is that of grounding the frame of the
generator and one side of the output. The
ground lead should be short to be effective,
otherwise grounding may actually increase the
noise. A water pipe may be used if ashort connection can be made near the point where the

pipe enters the ground, otherwise agood separate ground should be provided.
The next step is to loosen the brush-holder
locks and slowly shift the position of the
brushes while checking for noise with the receiver. Usually a point will be found ( almost
always different from the factory setting)
where there is a marked decrease in noise.
From this point on, if necessary, by-pass
condensers from various brush holders to the
frame, as shown in Fig. 7-35, will bring the
hash down to wit hin 10 to 15 per cent of its
original intensity, if not entirely eliminating it.
Most of the remaining noise will be reduced
still further if the high- power audio stages
are cut out and a pair of headphones is connected into the second detector.

•POWER

FOR PORTABLES

Dry- Il batteries are the only practical
source oi supply for equipment which must be
transported on foot. From certain considerations they may also be the best source of voltage for a receiver whose filaments may be
operated from astorage battery, since no problem of noise filtering is involved.

a

-,10 elf, 0 C

Fig. 7-35 — Connections used for eliminating interference from gas-driven generator plants. Cshould be 1
dd., 300 volts, paper, while C2 may be 15M. with a
voltage rating of twice the (I.e. output voltage delivered
by the generator. X indicates an added connection
between the slip ring on the grounded side of the line
and the generator frame.
Their disadvantages are weight, high cost,
and limited current capability. In addition,
they will lose their power even when not in use,
if allowed to stand idle for periods of ayear or
more. This makes them uneconomical if not
used more or less continuously.
Dry " B" batteries are made in a variety of
sizes and shapes, from a45- volt unit weighing
about 1 lb. that has an intermittent service
rating of 20 hours at a drain of 20 ma., to a
12-1b. unit rated at 130 hours at 40 ma. " A"
batteries for filament service range from a
6- volt unit weighing 1)
lbs. delivering in
intermittent service and average of 60 ma.
for 150 hours, to a6%-lb. 1.5- volt unit having
aservice life of 870 hours at 200 ma. Miniature
batteries, suitable for hand-portable use, are
also available.

CHAPTER 8

Keying and Break-In
short " key-up" intervals is called break-in
Offhand it would appear that keying atransoperation.
mitter is asimple matter, since on the face of
it nothing more is involved than turning the
transmitter output on and off to correspond
SELECTING THE STAGE TO KEY
to the code characters being sent. UnfortuIt is often desirable from an
i
ating standnately, it is not this simple, and perfect keying
point to design the c.w. transmit ter for breakof ac.w. rig is as difficult to come by as perfect
in operation. In most cases this requires that
voice quality is with a ' phone transmitter. The
the oscillator be keyed, since a continuouslyproblem cannot be dismissed lightly.
running oscillator will create interference in
Although the operation is basically that of
the receiver and prevent break-in on or near
turning the transmitter output power on and
one's own frequency, unless the oscillator stage
off, it is complicated by the fact that it must
is well shielded.' However, chirpless and clicknot be turned on and off instantaneously. Inless keying of an oscillator is difficult to obtain,
stead, the output must be made to rise to ( and
since the necessary slow turning on and off of
fall from) maximum in some finite period of
the oscillator ( for click (' limination) shows up
time, if key clicks are to be avoided. These
any oscillator frequency- vs.- volt age changes.
clicks are the inescapable result of changing
It is easy to key an oscillator without chirps
the power level rapidly, and they appear in the
or without clicks but not without both. Since
radio spectrum adjacent to the signal proper.
the effect of a chirp is multiplied with freThe more rapidly the output is varied, the
quency, it is quite difficult to obtain chirpless
farther the clicks will extend in frequency and
oscillator keying at an output frequency of 14
the greater will be their amplitude. They interor 28 Mc.
fere unnecessarily with other signals and, if
The best-sounding keying ( and the most
severe enough, can be cause for a discrepancy
simple to adjust) is usually obtained by keying
report by the FCC.
the output or driver stage, or both. With the
Another effect of improper keying of atransmitter is the introduction of chirp, achange in
oscillator running continuously and " buffered"
by several intermediate stages, its frequency
frequency at the instant of making or breaking
remains constant throughout all parts of the
the signal. A chirp of 50 cycles is enough to
keying cycle. The only problem in keying then
make asignal unpleasant to copy, and a chirp
becomes that of properly " shaping" the keying
of several hundred cycles may render the signal
to reduce or eliminate clicks. When keying
difficult to copy or a target for an FCC disseveral stages away from the output amplifier,
crepancy report. Much depends, of course,
it is necessary to bias the stages following the
upon the selectivity and beat note being used
keyed stage so that they draw little or no plate
at the receiver, but the safest procedure is to
current when the key is up, to avoid excessive
aim for no detectable chirp.
plate dissipation. If the stages are biased too
A third keying fault is defined as backwave,
heavily, however, these subsequent amplifiers
and it consists of power leaking through and
tend to shorten the rise and fall times and
being radiated when the key is " up." If strong
thus reintroduce clicks. This should always be
enough, backwave makes the signal unpleasant
borne in mind when a multistage transmitter
or difficult to copy.
is used with oscillator or other low-level keyIn code transmission, there are intervals
ing.
between dots and dashes, and slightly longer
The power broken by the key is an imporintervals between letters and words, when no
tant consideration, both from the standpoint
power is being radiated by the transmitter. If
of safety to the operator and that of sparking
the receiver can be made to operate at normal
and sticking at the key contacts. Keying of the
sensitivity during these intervals, it is possible
oscillator or a low-power stage is favorable on
for the receiving operator to signal the transboth counts. The use of akeying relay or keyer
mitting operator, by holding his key down.
tube is recommended when a high-power cirThis is useful during the handling of messages,
cuit is keyed.
since the receiving operator can immediately
Because transmitters vary widely in design,
signal the transmitting operator if he misses
part of the message. It is also useful in reducing
For adescription of awell-shielded oscillator, see Smith,
the time necessary for calling in answer to a "A Solution to the Keyed-VFO Problem," QST, February,
"CQ." The ability to hear signals during the
1950.

•
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there is no specific recommendation that can
be made about choosing the stage to key. If
the oscillator alone keys satisfactorily ( no
chirps or clicks), even when listening to its
harmonics on 14 or 28 Mc., the transmitter
should be keyed there, but the effect of adding
the additional multipliers and amplifiers should
be carefully checked, to see that clicks are not
reintroduced. Methods for checking will be

given later. If the oscillator cannot be keyed
satisfactorily by itself or with the following
stage added, astage near the output should be
keyed and any thought of break-in operation
should be discarded. A close approach to
break-in operation can be obtained by using a
convenient and fast " on-off" switch for the
oscillator, or the break-in system described
later in the chapter can be used.

Keying Circuits
The plate circuit is a good one to key in an
oscillator or low-voltage amplifier, because it
is easy to shape the keying properly in this
circuit. When plate- circuit keying is used,
however, it is usually done in the negative lead,
since this permits one side of the key to be
grounded. The stage can be keyed in the positive lead, but both sides of the keyed circuit
will be " hot," and a keying relay is advisable.
Fig. 8-1 shows the general circuit for negativelead keying in either an oscillator or an amplifier. Two examples are shown using triodes,
but screen-grid tubes can be used just as
readily. Plate-circuit keying is recommended
only for low-voltage circuits if no keying relay
is used, since a large portion of the supply
voltage can appear across the open key.
Shaping circuits applicable to this and later
circuits will be discussed in this chapter under
"Testing Your Keying."
Somewhat closely related to plate-circuit
keying is screen-grid keying, shown in Fig.
8-2. The only basic difference is that the screen
grid is pulled down to anegative voltage when
the key is up, to avoid the backwave that may

be present when the screen goes only to zero
volts. The negative supply can be small, since
its current demand is only a few milliamperes.
If the screen voltage is taken from the plate
supply, it should come from a voltage divider
rather than asimple dropping resistor.

50
r0 400

Fig. 8-2 — Screen-grid keying, suitable for oscillator
or amplifier keying. R1 is the normal grid leak, R2
should be about 200 to 500 ohms per screen volt, and
CI, C2 and C2 are normal by-pass condensers.

Grid-circuit, or blocked-grid, keying is
shown in Fig. 8-3. With the key up, anegative
voltage is applied to the grid sufficient to cut
off the tube and prevent current flow. With
the key closed, the grid circuit develops normal grid bias through R2. The drain on the
negative-voltage supply is small, since it is
limited by the size of Rt.Grid-circuit keying
is most generally used with low-power stages
or where the voltage necessary to cut off the
amplifier is only a few hundred volts. The
value of CI determines the keying characteristic, together with the ratio of R2 and R I, and
will be discussed later.
By placing the key in the cathode ( or center
tap) circuit of an oscillator or amplifier, both
the grid and plate ( and screen, if any) circuits
are opened by the key. Cathode keying is good
for use with amplifiers, because the proper

Excitation

greul
Fig. 8-1 — Negative plate-lead keying for cathode- or
lilament-type tubes. These circuits are useful for oscillator or low-power stages, where the voltage across the
open key is not very dangerous. Tetrode or pentode
stages can be keyed in this manner, but the screen circuit should be stabilized with VR tubes or aheavy voltage divider. RIis the normal grid leak, CI, C2, Ca and
arc rd. by-pass condensers,

+SCREEN

(A)

Fig. 8.3— Blocked-grid keying. RI, the current-limiting
resistor, should have avalue
of about 50,000 ohms. CI
may have a capacity of 0.1
to I mfil., depending upon
i
he keying characteri•.th•
Ile-ired. R2 is the normal
alue of grid leak fm.
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Fig. 8-4 — Cathode and center-tap keying.
w e lens.
ers C are r.f. bv-pass condensers. Their capacity is not
critical, values of 0.001 to 0.01 µ rd. ordinarily being used.

shaping can be accomplished readily. It is also
widely used with oscillators, but here the
shaping is often complicated by the gridcircuit time constant. Cathode keying is shown
in Fig. 8-4. It is popular
To cathode of
keyed stale
for use in low- and medium- power stages, although akeying relay or
keyer tube should be
used where the plate
voltage is more than
300.
A popular method of
keying involves using
one or more tubes as
keyer tubes, in place of
arelay. A keyer tube (or
tubes) can be used in the
negative-lead or cathodekeying circuits of Figs.
Fig. 8- 5— The basic 8-1 and 8-4. One adkeyer-tube
circuit
for
cathode or negative-lead vantage of tube keying
is that the voltage across
keying.

the key is limited by large resistors, and so the
operator has no chance for anything but the
slightest electrical shock. A further advantage is
that the shaping is done in the grid circuit of the
keyer tube with inexpensive parts. The basic
keyer tube circuit is shown in Fig. 8-5 — it is similar to the grid-circuit keying of Fig. 8-3.
,A keying relay can be substituted for a key
in any of the keying circuits shown in this
chapter. Most keying relays operate from 6.3
or 115 volts a.c., and they should be selected
for their speed of operation and adequate insulation for the job to be done. Adequate cur-

1
À-...„

.
0

To keyed

,

u.

Relay Power
.11--ree

Relay

Key
Fig. 8-6 — A keying relay can alv%ays be substituted for
the key, to provide better isolation from the keyed circuit. An r.f. filter is generally required at the key, and the
keying filter is connected in the keyed circuit at the
relay contacts.

rent-handling capability is also a factor. A
typical circuit is shown in Fig. 8-6.
The relay-coil current that is broken by the
key will cause clicks in the receiver, and an
r.f. filter ( see later in this chapter) is often
necessary across the key. The normal keying
filter connects at the relay armature contacts
in the usual manner. Vibration effects of the
keying relay upon the oscillator circuit should
be avoided.

Testing Your Keying
The choice of a keying circuit is not as important as its complete testing. Any of the
circuits shown can be made to give satisfactory
keying, but they must be adjusted properly.
The easiest way to find out what your keyed
signal sounds like on the air is to trade stations
with a near-by ham friend some evening for a
short QS0. If he is a half mile or so away,
that's fine, but any distance up to the point
where the signals are still S9 will be satisfactory.
After you have found out how to work his
rig, make contact and then have him send slow
dashes, with dash spacing. ( The letter " T" at
about 5w.p.m.) With the crystal filter out, cut
the r.f. gain back just enough to avoid receiver
overloading ( the condition where you get crisp
signals instead of mushy ones) and tune slowly
from out of beat-note range on one side of the
signal through to zero and out the other side.
Knowing the tempo of the dashes, you can
readily identify any clicks in the vicinity as
yours or someone else's. A good signal will have
a thump on " make" that is perceptible only
where you can also hear the beat note, and the

click iii -break" should be practically negligible at any point. Fig. 8-7A shows how it
should sound. If your signal is like that, it will
sound good, provided there are no chirps. Then
have him run off a string of 35- or 40-w.p.m.
dots with the bug — if they are easy to copy,
your signal has no " tails" worth worrying
about and is a good one for any speed up to
the limit of manual keying. If the receiver has
poor selectivity with the crystal filter out,
make one last cheek with the filter in ( Fig.
8-7B), to see that the clicks off the signal are
negligible even at high signal level.
If you don't have any convenient friends
with whom to trade stations, you can still
cheek your keying, although you have to be
alittle more careful The first step is to get rid
of the r.f. click at the key, because if you don't
you will never know where you stand. Locally
(meaning in your own receiver) this click will
coincide in time with clicks that may or may
not be on your signal, so there is just no way
to observe your signal without first eliminating
the r.f. click. And unless you have a keying
system that breaks no current, you have a
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No clicks on"make" beyond these
points
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RECEIVER TUNING DIAL

No clicks beyond
these points
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(B)
RECEIVER TUNING DIAL

Fig. 8-7
Representati .... sof aclean c.w. signal as areceiver is tuned through it. ( A) shows areceiver with no
cry stal filter and the b.f.o. set in the center of the passband, and ( II) shows the cry stal filter in and the receiver adjusted for single-signal reception. The variation in thickness of the lines represents the relative signal intensity. The
audio frequency where the signal disappears will depend upon the receiver selectivity characteristic and the strength
of the signal.
click at the key. Even the current broken by
the key in avacuum-tube keyer circuit ( which
is sometimes only 0.1 ma. or so) will cause r.f.
clicks that can be heard in your receiver and
often in the b.c. set. If you key with a relay,
the key opens the relay-coil circuit and clicks
are generated at the key as well as at the relay
contacts. Don't make the very common mistake of thinking these clicks are the same as
the on-the-air clicks discussed earlier — they
are not! They are simply local clicks that you
must eliminate before you can observe your
signal in your receiver. These clicks are the
same as the ones you get when you turn an
electric light on or off — when you suddenly
start or stop current flow, no matter how little,
you generate r.f. and that's the click.
Getting rid of this little click is generally no
trick at all, unless you're breaking a lot of
current. All it requires is a small r.f. filter, as
shown in Fig. 8-8. Sometimes just a small
(0.001-gfd.) condenser mounted right at the
key terminals will do it, and sometimes it will
require the full treatment complete with r.f.
chokes and second condenser. Measure the
normal current through the key leads, remove
the transmitter leads, and then connect a d.c.
power supply and resistor to give the same
current through the key. When your key will
break this current with no click, as observed
in your receiver and the b.c. set ( tuned off any
station), you have a suitable r.f. filter at the

key and you can reconnect the transmitter. If
you use a vacuum-tube keyer, just don't turn
on the transmitter but key the normal keyer
grid current. If you use a keying relay, first
eliminate the click at the key by just keying
the relay and adding filter across the key, and
then eliminate the click at the relay contacts
with another r.f. filter in the relay- keyed circuit. The filter should be mounted right at the
key or relay contacts. The objective is to be
able to make or break normal key current
without generating alocal click, and the filtering is usually so simple that the junk box will
yield the parts and the process takes longer to
describe than to apply.
So far you haven't done a thing for your
signal on the air and you still don't know what
it sounds like, but you may have cleaned up
some clicks in the b.c. set. Now disconnect the
antenna from your receiver and short the
antenna terminals with a short piece of wire.
Tune in your own signal and reduce the r.f.
gain to the point where your receiver doesn't
overload. Detune any antenna trimmer the
receiver may have. If you can't avoid overload
within the r.f. gain-control range, pull out the
r.f. amplifier tube and try again. If you still
can't avoid overload, listen to the second
harmonic as a last resort. Since an overloaded
receiver can generate clicks, it is easy to realize
the importance of eliminating overload during
any tests or observations.
Describing the volume level at which you
RFC,
should set your receiver for these "shack" tests
,U—LO
is a little difficult. The r.f. filter should be
To keyed
-L
effective with the receiver running wide open
ci —
ircuit
and with an antenna connected. When you
taoo
turn on the transmitter and take the other
RFC z
steps mentioned to reduce the signal in the
receiver, run the audio up and the r.f. down to
Fig. 8-8 — A filter for eliminating the r.f. click at
the key. First try CI,then add the two r.f. chokes , the point where you can just hear a little
and then C2. This filter does not eliminate on-the-air
"rushing" sound with the b.f.o. off and the
clicks, but it is necessary if you are trying to check
receiver tuned to the signal. This is with the
keying in your own receiver. It should be mounted
crystal filter in. At this level, a properly-adright at the key.
justed keying circuit will show no clicks off the
CI, C2 — 0.01 to 0.001 ad., not critical.
RFC 1,RFC2 — 1- to 2.5-mh. r.f. choke.
rushing-sound range. With the b.f.o. on and
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the same gain setting, there should be no clicks
outside the beat- note range. When observing
clicks, make the slow-dash and fast-dot tests
outlined previously.
Now you know how your signal sounds on
the air, with one exception. If keying your
transmitter makes the house lights blink or the
dial light in your receiver flicker, you may not
be able to tell too accurately about any chirp
on your signal. However, if you are satisfied
with the absence of chirp when tuning either
side of zero beat, it is safe to assume that your
receiver isn't chirping with the light flicker and
the observed signal is a true representation.
No chirp either side of zero beat is fine — some
chirp can be either in your transmitter or your
receiver, when the lights flicker. But don't try
to make these tests without first getting rid of
the r.f. click at the key — you will never be
able to give yourself a clean bill of health, because clicks can mask a chirp.
In some instances, particularly if the transmitter power is several hundred watts or more,
R. FFilter

L.
C

1

cathode
or screen

To

_ koroundor
-escremsupply

Fig. 8-9— A key-click filter for cathode, negative.
lead or screen keying. It can be located anywhere in the
keying line. The values of Land (.7will vary widely with
different currents and voltages, and must be found by
cut-and-try. For screen keying, the resistor R2 ( Fig. 8-2)
should connect to the junction of L and C.
C — 0.05 to 2.0 afd.
L — 0.5 to 30 henrys.

you may find that asmall click still persists on
all frequencies. If such aclick is observed, pull
out the last i.f. amplifier tube in your receiver
and listen again. If the click is still there, it
indicates rectification in the audio system of
your receiver, the same type of BCI we cuss
out cheap midget receivers for. You can cure
it with the usual resistor-condenser filter used
for curing such BCI cases, or you can leave it
in and make mental compensation for it. Any
click you hear on your signal should reduce to
this minimum click immediately off the signal.
Another unavoidable click can be encountered by r.f. pick-up on the lead from a receiver i.f. amplifier to a Q5-er. Here again the
click will be present at any setting of the receiver tuning control. The solution here is to
make your checks with the Q5-er disconnected
and the lead removed from the receiver.
Key clicks are caused by the key turning
your transmitter on and off too fast — and
sometimes by parasitic oscillations in an amplifier — and all a key-click filter does is to slow
down the turning-on and turning-off processes.
Parasitic clicks occur at points 25 to 100 kc.
either side of the signal, and are caused by
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low-frequency parasitic oscillations that are
triggered by the keying. The cure consists of
eliminating the oscillation, not adding keyclick filters.
Plate, screen or cathode keying requires a
key-click filter of the type shown in Fig. 8-9.
Adjustment of such a filter is asimple matter.
If the signal has too heavy a click or thump
on " make," L should have more inductance.
If the click is too heavy on " break," C should
have more capacity. The " break" characteristic is also influenced by the value of L, so
start with a value of C that reduces the clicks
noticeably on " break," adjust the value of L
for best " make" characteristic, and then clean
up the " break" by further modification of C.
Since you may have only a few stray inductances around the shack, you may not find just
the value you want for L. In this case, use a
value that gives too soft a " make" and then
shunt the inductance with resistance to reduce
its effect. Transformer windings will often
serve as well as standard chokes in this application, so try everything around the shack until
you find what you need. For a given voltage,
high-current circuits will require more C and
less L than will low-current ones.
In the screen-grid keying circuit, the value
of R2 will also affect the " break" characteristic. If R2 is too large the " break" will tail off
too gradually, if it is too small it may introduce
aclick on " break." In general it is best to start
with avalue as suggested in Fig. 8-2 and adjust
C for the proper " break" characteristic.
Adjustment of control-grid or keyer-tube
keying characteristics is simple, since the important components are CI, RI and R2 (
Figs.
8-3 and 8-5). For agiven value of CI,increasing
the value of R2 will soften the " make" characteristic, and increasing the value of R1 will
soften the " break." The value of R1 will be
many times the value of R2.With grid- block
keying, the value of R2 is determined already
if the tube runs grid current, because this will
be the normal grid leak, and so the value of Ci
must be adjusted for proper " make" characteristic and then the " break" made satisfactory by adjustment of RI.Tubes running
heavy grid current are not too suitable for
grid-block keying because the value of Rj
generally ends up comparatively low and the
negative supply must furnish too much current
when the key is down.
If you are keying in alow-level stage, don't
overlook the clipping action of subsequent
stages that are fixed-biased beyond cut-off. It
can reintroduce clicks. 2 And if you key your
oscillator, don't be too disappointed in the
chirp that shows up when you have clickless
keying. Amplifier keying is the answer.
2 For amore complete discussion of this effect, see Carter,
"Reducing Key Clicks," Q8T, March, 1949.
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A Vacuum- Tube Keyer

A tube-keyer unit is shown in Figs. 8-10
and 8-11. 7'1, the 80 rectifier, and C1 and Rt
form the power- supply section that furnishes
the blocking voltage for the keyer tubes.
S1 and 52 and their associated resistors and
condensers are included to allow the operator
to select the keying characteristic he wants. A
simplified version could omit the switches and
extra components, since once the values have
been selected the components can be soldered
permanently in place. The rule for adjusting
the keying characteristic is the same as for
blocked-grid keying. However, large values of
resistors and small values of condensers can
be used, since there is no value of grid leak
determined by the tube that dictates a starting point.
As many 45s may be added in parallel as
desired. The voltage drop through asingle tube
varies from about 90 volts at 50 ma. to 50
volts at 20 ma. Tubes added in parallel will
reduce the drop in proportion to the number
of tubes used.
When connecting the output terminals of the
keyer to the circuit to be keyed, the grounded
output terminal of the keyer must be connected to the transmitter ground. Thus the
keyer can be used only in negative-lead or
cathode keying.
When the key or keying lead has poor insulat ion, the resistance may become low enough
(particularly in humid weather) to reduce the

Fig. 8-10 — A va ,u, 'ri tube keyer, built np on a 7 X
9 X 2-inch chas- i
- with simice for four or less keyer
tubes and the pos, -upply rectifier. The resistors and
condensers that , p ure the lag are
lorneath, controlled by the knob- tthe right. The jack is for the key,
w ! tile terminal: al t'
left are for the keyed circuit.

blocking voltage and allow the keyer tube to
pass some current. This may cate a slight
back- wave, but can be cured by bett.er insulation or reduced values of R2, R3,RIand R5.
o
KEYED CIRCUIT

T

(fa

Fig. 8-11 — Wiring diagram of a practical vacuum- tome kevcr . itnilar to the one in Fig. 8-1 9
Cm — 2- afd. 600- volt paper.
112, H, — 4.7 megohms, 1watt.
— 0.0033-afd. mica.
lis — 0A7 megolun, tmatt.
Cs— 0.0047- 51d. mica.
Si, Sa — 3- posit .
1-circuit rotary switch.
— 0.22 megohm, 1watt.
Tt — 350-0-350 volts, 5 volts and 2.5 volts ( Stancor
R2 —
50,000 ohms, 10 watts.
P6003).
Ca

Monitoring of Keying
In general, there are two common methods for
monitoring one's " fist" and signal. The first, and
perhaps more common type, involves the use of
an audio oscillator that is keyed simultaneously
with the transmitter. If it works directly from the
key it may not always duplicate exactly the keyed
signal sent out on the air, and the more modern
systems use rectified r.f. from the transmitter to
operate the oscillator, thus duplicating the keying
at any and all times.
The second method is one that permits receiv-

ing the signal through one's receiver, and this
generally requires that the receiver he tuned to
the transmitter ( not always convenient unless
working on the same frequency) and that some
method be provided for preventing overloading
of the receiver, so that agood repliczt of the transmitted signal will be received. Except where
quite low power is used, this usually involves a
relay for simultaneously shorting the receiver
input terminals and reducing the receiver gain.
Examples of both methods %ill be given.
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The Monitone—for C.W. and ' Phone
The " Monitone " is auseful device for monitoring c.w. or ' phone transmissions. When used for
cw, work, it furnishes an audio tone every time
the transmitter key is closed, and it also blanks
the receiver output at the same time. When used
with a ' phone transmitter, it blanks the receiver
when the transmitter carrier is turned on, and
also furnishes an audio replica of the transmitted
signal, at any desired volume level. The Monitone
requires no direct connection to the transmitter
or key, and no changes are needed in the receiver.
The sidetone and blanking are keyed by the r.f.
output of the transmitter, regardless of frequency.
Referring to Fig. 8-12, the 6SL7OT acts as a
dual amplifier, for the receiver output and for the
sidetone oscillator (consisting of the neon bulb

One method of construction of the Monitone is
to use a 6-inch cube aluminum utility box ( ICA
No. 29843) for a cabinet, mounting the components on one removable wall and a small 2-inch
chassis fastened to this wall. R6, R11, S2, J2 and
NE-2 can be mounted on the panel, with NE-2
projecting through arubber grommet. The 1N34
crystal and most of the neon-oscillator parts can
mount on the 6J5 socket, and the audio components can be grouped around the 6SL7 socket.
A tip jack for the r.f. pick-up lead can be mounted
on the rear wall of the chassis, near where the
115-volt line cord and the shielded lead to PI are
brought out. It is advisable to keep the powersupply wiring and components away from the
audio.

6S L7G T

CI

I

4

Fig. 8-12 — Wiring diagram
of the Monitone.
R6

VOLUME
R,

R4

R5

NE-2, C6 and 210 ± 211). When r.f. from the
transmitter is fed in at J1 it is rectified by
XTAL and anegative voltage is developed across
Rg. This negative voltage cuts off the 6J5 and
one-half of the 6SL7GT. The neon-bulb oscillator
goes into action and the resultant tone is amplified in the other half of the 6SL7GT. For ' phone
work, SIB is opened and SIAis closed. This turns
off the sidetone oscillator and feeds the rectified
audio from the transmitter through volume eontrOl R6.
The tone of the neon-bulb oscillator is varied
by the position of R11. Since the power drain of
the NIoniüme is only about 5 ma. at 250 volts,
a resistor is used instead of a filter choke in the
power supply.

C3

C1 — 0.005-afd. disc ceramic.
C2, C3 — 0.1 dd. 400 volt paper.
C4 — 250- add. ceramic.
Cs — 100-p afd. ceramic.
CO— 0.001-pfd. disc ceramic.
C7, CS— 8-ard. 450-volt electrolytic.
R1 — 6800 ohms, IA watt.
112 — 1000 ohms, 32 watt.
lia — 0.56 megohm, !" watt.
R4, Rs — 1200 ohms, ! ,ïwatt.
Ho — 1-megohm potentiometer
(Mallory U-53).
117 — 22,000 ohms, 1watt.
Bs — 68,000 ohms, 3,4 watt.
Ro, RIO — 1 mcgohm, 3¡ watt.
Hi — 3-megolim potentiometer ( Mallory U-59).
1112 — 2.2 megolon.
watt.
13 — 47,000 ohm-. Iwatt.
Ria — 0.1 megolun. Iwatt.
J — Tip jack.
J2— Open-circuit jack.
Pi — ' Phone plug.
RFC' — 2.5-mh. r.f. choke.
SLA, SIB
switch; see
text. ( Mallory US-28.)
S2— S.p.s.t. toggle switch.
— Replacement transformer
(Stancor P-6010).
Xtal — 1N34, 1N151, etc. Connect "cathode" to Ji.

Changeover switch SIASui is mounted on the
tone potentiometer, Rit, and is wired so that SlA
is closed when the control arm for the potentiometer is rotated to the extreme counterclockwise position. SIB should open at this setting of
the tone control. SIASia, labeled by the manufacturer as as.p.d.t. switch, is actually apair of
s.p.s.t. switches built into asingle assembly.
Installation & Operation
The Monitone is used by plugging the audio
plug, P1,into the headphone jack of the receiver,
the headphones into J2 of the Monitone, and
applying 115 volts a.c. A length of wire must
be run from the r.f. input jack, Ji, to a point
where it can pick up r.f. from the transmitter
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antenna system. With SIB and the power switch,
82,closed, the transmitter may be turned on and
the position of the r.f. pick-up lead ( Caution!
High voltage!) adjusted for a sustained oscillation of the neon tube circuit. Sufficient r.f. coupling between the transmitter and the monitor is
indicated by aglow in the bulb and by the sidetone as heard in the headphones.

The r.f. field around the antenna system
may vary in strength as the transmitter is
switched from one band to another. Usually,
however, a coupling adjustment made at one
frequency will suffice for all other frequencies
as long as the pick-up line is coupled to one side
of the antenna tuner and not the transmission
line.

Break- In Operation
Break-in operation requires a separate receiving antenna, since none of the available
antenna change-over relays is fast enough
to follow keying. The receiving antenna should
be installed as far as possible from the transmitting antenna. It should be mounted at right
Receiving
Antenna

Ant.

Rece,er

To Keyed
Oscilla to
God.

RFC 2
x

c,

RFC 3

.am

Fig. 8-13 — V‘ king diagram for smooth break-in operation. The leads slum nas heavy lines should be kept as
short as possible, for
mum pick-up of the transmuter signal.
Co, C2, C3 — 0.001 afd.
RI— Receiver manual gain control.
R2 — 5000- or 10,000-olim mire- wound potentiometer.
RFC', 11FC2, HFC 3 — 2.5-mh. r.f. choke.
Ry — S.p.d.t. keying relay.

angles to the transmitting antenna and fed
with low pick-up lead-in material such as
coaxial cable or 300-ohm Twin- Lead, to minimize pick-up.
If a low-powered transmitter is used, it is
often quite satisfactory to use no special equipment for break-in operation other than the
separate receiving antenna, since the transmitter will not block the receiver too seriously.
Even if the transmitter keys without clicks,
some clicks will be heard when the receiver is
tuned to the transmitter frequency because of
overload in the receiver. An output limiter, as
described in Chapter Five, will wash out these
clicks and permit good break-in operation even
on your transmitter frequency.
When powers above 25 or 50 watts are used,
special treatment is required for quiet break-in
on the transmitter frequency. A means should
be provided for shorting the input of the receiver when the code characters are sent, and a
means for reducing the gain of the receiver at

the same time is often necessary. The system
shown in Fig. 8-13 permits quiet break-in
operation for higher-powered stations. It requires a simple operation on the receiver but
otherwise is perfectly straightforward. RI is
the regular receiver r.f. and i.f. gain control.
The ground lead is lifted on this control
and run to a rheostat, R2,that goes to
ground. A wire from the junction runs
outside the receiver to the keying relay,
Ry. When the key is up, the ground side
of R1is connected to ground through the
relay arm, and the receiver is in its
normal operating condition. When the
key is closed, the relay closes, which
breaks the ground connection from R1
and applies additional bias to the tubes
in the receiver. This bias is controlled by
R2.When the relay closes, it also closes
the circuit to the transmitter oscillator.
Ca, Ca, RPC 2 and RFC3 compose a filter to
suppress the clicks caused by the relay current.
The keying relay should be mounted on the
receiver as close to the antenna terminals as
possible, and the leads shown heavy in the
diagram should be kept short, since long leads
will allow too much signal to get through into
the receiver. A good high-speed keying relay
should be used. If atwo- wire line is used from
the receiving antenna, another r.f. choke,
RFC 4,will be required. The revised portion
of the schematic is shown in Fig. 8-14.
•

A DE LUXE BREAK-IN SYSTEM

In many instances it is quite difficult to key
an oscillator without clicks and chirps. Most
oscillators will key without apparent chirp
if the rise and decay fillies are made very short,
but this introduces key clicks that cannot be
Receiving
Antenna

RFC,
C,
Ant

Ant.

Rcvr.

Gnd.

L_ _ _ _ _ _ _
Fig. 8-14 — Necessary i•in•iiit re. Hon of Fig. 8. It if
two-wire lead from tiii• recei% ing antenna i- u:cd.
RFC4is a 2.5-mh. r.f. choke — other values are the same
as in Fig. 8-13.
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Ant.

To

portion. The tube draws current and the relay closes. The
relay will stay closed until the
(leg& ivy voltage across C2 is
clu se tut
Ito supply voltage,
and consequently a string of
(lots or ( lashes ( which doesn't
give C2 achance to charge to
full negative) will keep the relay closed. In adjusting the
-1
system, 112 controls the
amount of idling current
through the relay and Rd determines the voltage across
the relay. 11 7,R8 and C2 are
the normal resistors and condenser for the tube keyer.
When adjusted properly, the
relay will close without delay
To
Keyed
on the first dot and open
Amplifier
quickly during the spaces between words or slower letters.
When idling, the voltage
across the relay should be one
or two volts — with the key
down it should be 18 volts.
The oscillator should be designed to key as
fast as pii hIe, whieli means that series resistances and shunt capacitances should be
held to a minimum. Negative plate- lead keying is slightly faster than cathode keying and
should be used in the oscillator. The keyer
tubes are connected in the cathode circuit of
an amplifier stage far enough removed in the
circuit to avoid reaction on the oscillator. By
using blocked-grid keyirtg of the amplifier stage,
the kcycr tubes can lu, liminated.
Receiver

sc Ilator
OG nd

R.

c

Fig. 8-15 — A de luxe break-in systeni that holds the
oscillator circuit closed (and the receiver input shorted)
during astring of fast dots but opens between letters or
words.
— 0.001 - ad. mica.

C2— 11.0047 -ad. mira.

li t -- 20.1881 ohms, 10 watts, wire- wound.
Ii2 — 1800 ohms.
It — 15C0 ohms.
114, Itt, — 1.0 megolun.
116 — 4700 ohms.
— 6.8 megohm.
Rs — 0.47 megolun.
Ro — 50-olun center- tapped resistor, 2 watts.
All resistors I - watt composition unless otherwise noted.
RFC' — 2.5-m11. r.f. choke.
y — II igh-speed relay, 14410.ohm 18-volt coil (Stevens.
Arnold Type 172 Nlillisec relay).

avoided. The system shown in Fig. 8-15 avoids
this trouble by turning on the oscillator
quickly, keying an amplifier with a vacuumtube keyer, and turning off the oscillator after
the amplifier keying is finished. The oscillator
is turned on and off without lag, but the
resultant clicks are not passed through the
transmitter. Actually, with keying speeds
fast er than about 15 w.p.m., the oscillator will
stay turned on for aletter or even a word, but
it turns off between words and allows the
transmitting statbm to hear the " break " signal
of the other station. It requires one tube more
than the or dinary vacutun-tube keyer and a
special high-speed relay.
As can be seen front Fig. 8-15, the circuit is
a combination of the break-in system of Fig.
8-13 and the tube keyer of Fig. 8-11, with a
6SN7 tube and afew resistors added. Normally
the left-lland portion of the 6SN7 is biased to a
low value of plate current by the drop
through R2 (
part of the bleeder Rje 2
re 3)and
the relay is open. When the key is closed and
C2 starts to discharge, the right-hand portion
of the 6SN7 draws current and this in turn puts a
less-negative voltage on the grid of the left-hand

ge

ELECTRONIC KEYS

Elect mitre kiiys, as coot ra-sted with mechanical
automatic keys, use vacuum tubes or relays (or
both) to forn:
iautomatic ( lashes a.s well as automatic dots. As first devised by amateurs in 1940,
adash muldIre " clipped shot.
.1" if the dash lever
were lifted uto soon. More recent ( h•signs have
resulted in " self-completing dashes" that eliminate this possibility and permit the operator,
with area.sonable amount of practice, to generate
near-perfect code. Full ( h•scriptions of electronic
keys that produce self-ei ) 1(1 ing dashes can be
found in the following gST articles:
Bartlett, " Further Advances in Eleetronic-Keyer
Design," October, 1948; correction, page 10,
January, 1949.
Turno, " Debugging the Electronic Bug," Jan.,
1950.
Montgomery, " Corkey' — A Tubeless Automatic Key," November, 1950.
Bartlett, " Compact Automatic Key Design,"
Dec., 1951.
A simple unit that can be attached to a mechanical automatic key to give automatic dashes
(not of the self-completing type, however) can
be found described in the following QST article:
Gotisar, " The Dash Master," Aug., 1948.
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Speech Amplifiers
And Modulators
The audio amplifiers used in radiotelephone
transmitters operate on the principles outlined
earlier in this book in the chapter on vacuum
tubes. The design requirements are determined
principally by the type of modulation system to
be used and by the type of microphone to be
employed. It is necessary to have aclear understanding of modulation principles before the
problem of laying out a speech system can be
approached successfully. Those principles are
discussed under appropriate chapter headings.
The present chapter deals with the design of
audio amplifier systems for communication purposes. In voice communication the primary
objective is to obtain the most effective transmission; i.e., to make the message be understood at the receiving point in spite of adverse
conditions created by noise and interference.
The methods used to accomplish this do not
necessarily coincide with the methods used for

other purposes, such as the reproduction of
music or other program material. In other words,
"naturalness" in reproduction is distinctly secondary to intelligibility.
The fact that satisfactory intelligibility can be
maintained in a relatively narrow band of frequencies is particularly fortunate, because the
width of the channel occupied by a ' phone transmitter is directly proportional to the width of the
audio- frequency band. If the channel width is
reduced, more stations can occupy agiven band
of frequencies without mutual interference.
In speech transmission, amplitude distortion
of the voice wave has very little effect on intelligibility. Its importance in communication lies
almost wholly in the fact that the audio-frequency
harmonics caused by such distortion may lie outside the channel needed for intelligible speech,
and thus will create unnecessary interference to
other stations.

Speech Equipment
In designing speech equipment it is necessary
to know ( 1) the amount of audio power the
modulation system must furnish and (2) the output voltage developed by the microphone when
it is spoken into from normal distance (a few
inches) with ordinary loudness. It then becomes
possible to choose the number and type of amplifier stages needed to generate the required audio
power without overloading or distortion anywhere
in the system.

• MICROPHONES
The level of a microphone is its electrical output for a given sound intensity. Level varies
greatly with microphones of different types, and
depends on the distance of the speaker's lips from
the microphone. Only approximate values based
on averages of " normal" speaking voices can be
given. The values given later are based on close
talking; that is, with the microphone about an
inch from the speaker's lips.
The frequency response or fidelity of amicrophone is its relative ability to convert sounds of
different frequencies into alternating current.
For understandable speech transmission only a
limited frequency range is necessary, and intelligible speech can be obtained if the output of the
microphone does not vary more than a few
decibels at any frequency within arange of about
200 to 2500 cycles. When the variation expressed
in terms of decibels is small between two fre-

quency limits, the microphone is said to be flat
between those limits.
Carbon Microphones
The carbon microphone consists of a metal
diaphragm placed against an insulating cup containing loosely-packed carbon granules (
microphone button). Current from a battery flows
through the granules, the diaphragm being one
connection and the metal backplate the other.
Fig. 9-1A shows connections for carbon microphones. A variable resistor is included for adjusting the button current to the value as specified
with the microphone. The primary of a transformer is connected in series with the battery and
microphone.
As the diaphragm vibrates, its pressure on the
granules alternately increases and decreases,
causing acorresponding increase and decrease of
current flow through the circuit, since the pressure
changes the resistance of the mass of granules.
The resulting change in the current flowing
through the transformer primary causes an alternating voltage, of corresponding frequency and
intensity, to be set up in the transformer secondary.
Good-quality carbon microphones give outputs
ranging from 0.1 to 0.3 volt across 50 to 100 ohms;
that is, across the primary winding of the microphone transformer. With the step-up of the transformer, apeak voltage of between 3and 10 volts
can be assumed to be available at the grid of the
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amplifier tube. The usual button current is 50
to 100 ma.
Crystal Microphones
The crystal microphone makes use of the
piecoelectric properties of Rochelle salts crystals.
This type of microphone requires no battery or
transformer and can be connected directly to the
grid of an amplifier tube. It is the most popular
type of microphone among amateurs, for these
reasons as well as the fact that it has good frequency response and is available in inexpensive
models. The input eireuit for the crystal microphone is shown in Fig. 9- III.
Although the level of crystal microphones
varies with different models, an output of 0.03
volt or so is representative for communieation
types. The level is affected by the length of the
cable connecting the mireophone to the first
amplifier stage; the above figure is for lengths of
6or 7 feet. The frequenry characterist iv is unaffected by the cable, bid the load resist:1m.y
(amplifier grid resistor) does affect it ; the lower
frequencies are attenuated as the value of load
resistance is lowered. A grill- resistor value of at
least 1 megohm should be used for reasonably
flat response, 5 megoluns being a customary
figure.
Velocity and Dynamic Microphones
In a velocity or "ribbon" microphone, the
element acted upon by the sound waves is athin
corrugated metallic ribbon suspended between
the poles of amagnet. When vibrating, the ribbon
cuts the lines of force between the poles, first in
one direction and then the other, thus generating
an alternating voltage.
Velocity microphones are built in two types,
high impedance and low impedance, the former
being used in most applications. A high-impedance microphone can be directly connected to
the grid of an amplifier tube, shunted by aresistance of 0.5 to 5 megohms ( Fig. 9-1C). Lowimpedance microphones are used when a long
connecting cable ( 75 feet or more) must be employed. In such a case the output of the mirenphone is coupled to the first amplifier stage
through asuitable step-up transformer, as shown
in Fig. 9-1D.
The level of the velocity microphone is about
0.03 to 0.05 volt. This figure applies directly to
the high-impedance type, and to the low-impedance type when the voltage is measured across
the secondary of the coupling transformer.
The dynamic microphone somewhat resembles
adynamic loudspeaker. A light-weight voice mil
is rigidly attached to adiaphragm, the coil being
suspended between the poles of a permanent
magnet. Sound causes the diaphragm to vibrate,
thus moving the coil back and forth between the
magnet poles and generating an alternating
voltage.
The dynamic microphone usually is built with
high-impedance output, suitable for working
directly into the grid of an amplifier tube. If the
connecting cable must be unusually long, a low-

impedance I.\ H• should be used, with a step-up
transformer atthe end of the cable.
A small permanent- magnet ' speaker can be
used as a dynamic microphone, although the
fidelity is not as good as is obtainable with a
properly-designed microphone.

• THE

SPEECH AMPLIFIER

The audio-frequency amplifier stage that
causes the r.f. carrier output to be varied is called
the modulator, and all the amplifier stages preceding it comprise the speech amplifier. Depending on the modulator used, the speech amplifier
may be calle il upon to deliver a power output
ranging from practically zero (only voltage required) to 20 or 30 watt-.
Mir.
Gen Control
Trans.
0
; Nee

1111
4.5 tee, 40an
(A)

S B CARBON

Fig. 9-1 — Speech
input circuits used
with sari )))) s types of
mierop
s.

(B)

(c)

CRYSTAL

HI - Z VELOCITY

line trans.

Line-tofrid trans.

(D) LO- Z VELOCITY

Before starting the design of aspeech amplifier,
therefore, it is necessary to have selected asuitable modulator for the transmitter. This selection
must be based on the power required to modulate
the transmitter, and this power in turn depends
on the type of modulation system selected, as
described in other chapters. With the modulator
picked out, its driving-power requirements ( audio
power required to excite the modulator to full
output) can be determined from the tube tables
in the last chapter. Generally speaking, it is advisable to choose atube or tubes for the last stage
of the speech amplifier that will be capable of
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The output voltage is in ternis of peak voltage
rather than r.m.s.; this makes the rating independent cf the waveform. Exceeding the peak
value causes t
he amplifier to distort, Si) it is more
useful to consider only peak values in working
with amplifiers.
Resistance Coupling

(A)

+B

Resistance ( anti ding generally is used in voltage-amplifier stages. It is relatively inexpensive,
good frequency response cart be secured, and there
is little danger of hum pick-up from stray magnetic fields associated with heater wiring. It is the
only type of coupling suitable for the out nit circuits of pentodes and high-et triodes, bemuse
with transformers asufficiently high load impedanm cannot be obtained without consideral do
frequency distortion. Typical circuits are given
in Fig. 9-2 and design data in Table 9-I.
Transformer Coupling

Fig. 9-2 — Itesistance-coupled voltage-amplifier circuits. A, pentode; 11, triode. Designations are as follows:
Ci — Cathode by-pass condenser.
C2
Plate by-pass condenser.
Ca — Output coupling condenser ( blocking condenser).
CS— Screen by-pass condenser.
Ri — Cathode resistor.
112 — Grid resistor.
113 — Plate resistor.
it4 — Next-stage grid resistor.
Rs — Plate decoupling resistor.
Ro — Screen resistor.
Values for
t
able tubes are given in Table 9-1. Values
in the decouiding eircuit, C2f13. are not critical. Ra may
be about 10% of Ra; an 8- or 10- mfd. electrolytic congh at C2.
denser is usually large

Transformer coupling between stages ordinarily is used only when power is to be transferred ( in such a case resistance coupling is very
inefficient), or when it is neeessary to couple between a single-ended atol a push-pull stage.
Triodes having an amplification factor of 20 or
less are used in transformer-coupled voltage
amplifiers. With transformer coupling, tubes
should be operated under the Class A conditions
given in the tube tables at the end of this book.
Representative eireuits for coupling singleended to push-pull stages are shown in Fig. 9-3.
The circuit at A combines resista nee and transformer coupling, and may be used for exciting the

developing at least 50 per cent more power than
the rated driving power of the modulator. This
will provide a factor of safety so that losses in
coupling transformers, etc., will not upset the
calculations.
Voltage Amplifiers
If the last stage in the speech amplifier is a
Class AB 2 or Class B amplifier, the stage ahead
of it must be capable of sufficient power output
to drive it. However, if the last stage is a Class
AB, or Class A amplifier the preceding stage can
be simply avoltage amplifier. From there on back
to the microphone, all stages are voltage amplifiers.
The important characteristics of a voltage
amplifier are its voltage gain, maximum undistorted output voltage, and its frequency response.
The voltage gain is the voltage-amplification
ratio of the stage. The output voltage is the
maximum ai. voltage that can be secured from
the stage without distortion. The amplifier frequency response should be adequate for voice
reproduction; this requirement is easily satisfied.
The voltage gain and maximum undistorted
output voltage depend on the operating conditions of the amplifier. Data on the popular types
of tubes used in speech amplifiers are given in
Table 9-I, for resistance-coupled amplification.

+5
(B)

Fig. 9-3 — Transformer-coupled amplifier .• ireuits for
driving a push-pull amplifier. A is bir re.i••tarice.irailsformer coupling; 11 for transformer coupling. De-ignations correspond to those in Fig. 9-2. In A. value: can
he taken from I'able 9-1. In It, the cathode re i
-tor is
calculated fr
the rated plate current and grid bias
as given in the tube tables for the particular type of
tube used.
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TABLE 9-I- RESISTANCE-COUPLED VOLTAGE- AMPLIFIER DATA

Data are given for aplate supply of 300 volts. Departures of as much as 50 per cent from this supply voltage will not materially
change the operating conditions or the voltage gain, but the output voltage will be in proportion to the new vc liege. Voltage gain is
measured at 400 cycles; condenser values given are based on 100-cycle cut-off. For increased low-frequency response, all condensed
may be made larger than specified (cut-off frequency in inverse proportion to condenser values provided all are changed in the
same proportion). A variation of 10 per cent in the values given has negligible effect on the performance.
plate
Resistor
Mew:shuns

0.1
6517,12517

0.25
0.5
0.1

6J7, 7C7,
12.17-GT

0.25
0.5
0.1

6AU6, 6SH7,
12AU6, 12SH7

0.22
0.47

6A06, 6A07,
6AT6, 601,
6SL7GT, 6SZ7,
678, 12AT6,
1207-GT,
12SL7-G1'
(one triode)

0.1
0.22
0.47
0.1

6AV6, 12AV6,
12AX7
(one triode)

0.22
0.47
0.1

6SC7, 12SC7 '
(one triade)

0.25

0.5
0.05
6J5, 7A4,
7N7, 6SN7GT,
1215-GT,
125N7-GT
(one triode)

0.1
0.25

_
0.047
6C4,
12AU7
(one triode)

0.1
0.22

Next-Stage
Grid
Resistor

Screen
Resistor
Megehms

Cathode
Resistor
Ohms

Screen
By-pass
»id.

Cathode
By-pass
PH.

Blocking
Condenser
pH.

Output
Volts
(Peek),

0.1
0.25
0.5
0.25
0.5
1.0
0.5
1.0
2.0
0.1
0.25
0.5
0.25
0.5
1.0
0.5
1.0
2.0
0.1
0.22
0.47
0.22
0.47
1.0
0.47
1.0
2.2
01
0.22
0.47
0.22
0.47
1.0
0.47
1.0
2.2
0.1
0.22
0.47
0.22
0.47
1.0
0.47
1.0
2.2
0.1
0.25
0.5
0.25
0.5
1.0
0.5
1.0
2.0
0.05
0.1
0.25
0.1
0.25
0.5
0.25
0.5
1.0
0.047
0.1
0.22
0.1
0.22
0.47
0.22
0.47
1.0

0.35
0.37
0.47
0.89
1.10
1.18
2.0
2.2
2.5
0.44
0.5
0.53
1.18
1.18
1.45
2.45
2.9
2.95
0.2
0.24
0.26
0.42
0.5
0.55
1.0
1.1
1.2
-

500
530
590
850
860
910
1300
1410
1530
500
450
600
1100
1200
1300
1700
2200
2300
500
600
700
1000
1000
1100
1800
1900
2100
1500
1800
2100
2600
3200
3700
5200
6300
7200
1300
1500
1700
2200
2800
3100
4300
5200
5900
750
930
1040
1400
1680
1840
2330
2080
3280
1020
1270
1500
1900
2440
2700
4590
5770
6950
870
1200
1500
1900
3000
4000
5300
800
11000

0.10
0.09
0.09
0.07
0.06
0.06
0.06
0.05
0.04
0.07
0.07
0.06
0.04
0.04
0.05
0.04
0.04
0.04
0.13
0.11
0.11
0.1
0.098
0.09
0.075
0.065
0.06

11.6
10.9
9.9
8.5
7.4
6.9
6.0
5.8
5.2
8.5
8.3
8.0
5.5
5.4
5.8
4.2
4.1
4.0
18.0
16.4
15.3
12.4
12.0
11.0
8.0
7.6
7.3
4.4
3.6
3.0
2.5
1.9
1.6
1.2
1.0
0.9

0.019
0.016
0.007
0.011
0.004
0.003
0.004
0.002
0.0015
0.02
0.01
0.006
0.008
0.005
0.005
0.005
0.003
0.0025
0.019
0.011
0.006
0.009
0.007
0.003
0.0045
0.0028
0.0018
0.027
0.014
0.0065
0.013
0.0065
0.0035
0.006
0.0035
0.002
0.027
0.013
0.006
0.013
0.006
0.003
0.006
0.003
0002
0.033
0.014
0.007
0.012
0.006
0.003
0.006
0. 003
0.002

72
96
101
79
88
98
64
79
89
55
81
96
81
104
110
75
97
100
76
103
129
92
108
122
94
105
122
40
54
63
51
65
77
61
74
85
43
57
66
54
69
79
62
77
92
35
50
54
45
55
64

megehms

-

Voltage across next-stage grid resistor at grid-current point.
At 5volts r.m.s. output.
Cathode-resistor values are for phase- inverter service.

-

4.6
4.0
3.6
3.0
2.3
2.1
1.6
1.3
1.1
3.56
2.96
2.15
2.31
1.42
1.2
0.87
0.64
0.54
4.1
3.0
2.4
1.9
1.3
1.1
0.9
0.52
0.46

0.06
0.034
0.012
0.035
0.0125
0.0065
0.013
0.0075
0.004
0.065
0.034
0.016
0.032
0.016
0.007
0.015
0.007
0.0035

50
62
72
41
51
60
43
56
64
46
57
64
38
52
68
44
68
80
57
82
92

Voltage
Gain '

-

67
98
104
T50--161
185
200
238
263
61
82
94
_104
140

185
161
200
230
109
145
168
164
230

262
248
318
371
34
38
41
42
46
48
48
50
51
45
52
57
59
65
68
69
73
75
29
34
36
39
42
45
45
48
49
13
14
14
14
14
14
14
14
14
12
12
12
12
12
12
12
12
12
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grids of a Class A or AB ' following stage. The
resistance coupling is used to keep the d.c. plate
current from flowing through the transformer
primary, thereby preventing a reduction in primary inductance below its no-current value; this
improves the low- frequency response. With low-p
triodes (6C5, 6J5, etc.), the gain is equal to that
with resistance coupling multiplied by the seconnury-to-primary turns ratio of the transformer.
Iii B the transformer primary is in series with
the plate of the tube, and thus must carry the
tube plate current. When the following amplifier
operates without grid current, the voltage gain
of the stage is practically equal to the p of the
tube multiplied by the transformer ratio. This
circuit also is suitable for transferring power
(within the capabilities of the tube) to afollowing
Class AB 2 or ( lass B stage.
Phase Inversion
Push-pull output may he seeure,i with resistance coupling 1)y using pl se- invert er" circuits
as shown in Fig. 9-1.
The circuit shown in Fig. 9-41 is known as the
"self-balancing" type. The amplified voltage

from V1 appears across R5 and R7 in series. The
drop across R7 is applied to the grid of V2, and
the amplified voltage from V2 appears across R 6
and R7 in series. Titis voltage is 180 degrees out
of phase with the voltage from V1,thus giving
push-pull output. The part that appears across
R7 therefore opposes the voltage from 1
-1 zwross
R7, thus reducing the signal applied to the grid
of Fri. The negative feed- hack so obtained tends
to regulate the voltage applied to the phaseinverter tube so that the ( mope voltages from
both tul os are substantially equal. The gain is
slightly less than twice the gain of a single- tube
amplifier using the same operating conditions.
In the single- tube circuit shown in Fig. 9-4B
the plate load resistor is divided into two equal
parts, 119 and Rio ,one being connected to the
plate in the normal way and the other between
cathode and ground. Since the voltages at the
plate and cathode are 180 degrees out of phase,
the grids of the following tubes are fed equal ai.
voltages in push-pull. The grid return of V3 is
made to the junction of R8 and Rio so normal
bias will be applied to the grid. This circuit is
highly degenerative because of the way Rio is connected. The voltage gain is less than 2even when
a high-p triode is used at V3.
Gain Control
A means for varying the over-all gain of the
amplifier is necessary for keeping the final output
at the proper level for modulating the transmitter.
The common met hod of gain control is to adjust
the value of a.c. voltage applied to the grid of one
of the amplifiers by nn uns of avoltage divider or
potentiometer.
The gain-control potentiometer should be near
the input end of the amplifier, at a point where
the a.c. voltage level is so low that there is no
danger of overloading in the stages ahead of the
gain control. With carbon microphones the gain
control may be placed directly across the microphone- transformer secondary. With other types
of microphones, however, the gain control usually
will affect the frequency response of the microphone when connected directly across it. Also, in
a high-gain amplifier it is better to operate the
first tube at maximum gain, since this gives the
best signal- to-hum ratio. The control therefore is
usually placed in the grid circuit of the second
stage.

(A)

(B)
Fig. 94 — Self-balancing phase-inverter eir

/

and F2 may be a double triode such as the ir• \ 71. Ior
6S1.7GT. 1% may he am; of the triodes listed
able
9-1, or one sectio n of a double triode.
RI— Grid resistor ( 1megolim or less).
112 — Cathode resistor; use one-half value given in
Table 9-1 for tube and operating conditions
chosen.
Ra, 114 — Plate resistor; select from Table 9-1.
Rs, Re — Follouing-stage grid resistor (0.22 to 0.47
megohm).
117 — 0.22 megohm.
Rs — Cathode resistor: select from Table 9-1.
Rs, Rio — Each one-half of plate load resistor given in
Table 9-1.
Ci — 10-afd. electrolytic.
C2, C3 — 0.01. to 0.1-pfd. paper.

•

DESIGNING THE SPEECH
AMPLIFIER

The steps in designing a speech amplifier are
as follows:
1 ) Determine the power needed to modulate
the transmitter and seleet the modulator. In the
case of plate modulation, this will nearly always
be aClass B amplifier. Select asuitable tube type
and determine from the tube tables at the end of
this book the grid driving power required.
2) As a safety factor, multiply the required
driver power by at hast 1.5.
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3) Select a tube, or pair of tubes, that will
deliver the power determined in the second step.
This is the last or output stage of the speechamplifier. Receiver-type power tubes can be used
(beam tubes such as the 6L6 may be needed in
some cases) as determined from the receiving-tube
tables. If the speech amplifier is to drive aClass
B modulator, use a Class A or AB I amplifier, in
preference to Class AB 2,if it will give enough
power output.
4) If the speech-amplifier output stage must
operate Class AB2, use a medium-s triode (such
as the 6J5 or corresponding types) to drive it. In
the extreme case of driving 6L6s to maximum
output, two triodes should he used in push-pull
in the driver. In either case transformer coupling
will have to be used, and transformer manufacturers' catalogs should be consulted for asuitable
type.
5) If the speech-amplifier output stage operates Class A or A131, it may be driven by avoltage
amplifier. If the output stage is push-pull, the
driver may be a single tube coupled through a
transformer with a balanced secondary, or may
be a dual-triode phase inverter. Determine the
signal voltage required for full output from the
last stage. If the last stage is asingle-tube Class A
amplifier, the peak signal is equal to the grid-bias
voltage; if push-pull Class A, the peak signal
voltage is equal to twice the grid bias; if Class
AB ',twice the bias voltage when fixed bias is
used; if cathode bias is used, twice the bias figured from the cathode resistance and the no-signal
plate current.
6) From Table 9-I, select a tube capable of
giving the required output voltage and note its
rated voltage gain. A double-triode phase inverter
(Fig. 9-4A) will have approximately twice the
output voltage and twice the gain of one triode
operating as an ordinary amplifier. If the driver
is to be transformer-coupled to the last stage,
select a medium-la triode and calculate the gain
and output voltage as described earlier in this
chapter.
7) Divide the voltage required to drive the
output stage by the gain of the preceding stage.
This gives the peak voltage required at the
grid of the next-to- the-last stage.
8) Find the output voltage, under ordinary
conditions, of the microphone to be used. This
information should be obtained from the manufacturer's catalog. If not available, the figures
given in the section on microphones in this
chapter will serve.
9) Divide the voltage found in (7) by the output voltage of the microphone. The result is the
over-all gain required from the microphone to the
grid of the next-to-the-last stage. To be on the
safe side, double or triple this figure.
10) From Table 9-I, select a combination of
tubes whose gains, when multiplied together, give
approximately the figure arrived at in (9). These
amplifiers will be used in cascade. In general, if
high gain is required it is advisable to use a
pentode for the first speech-amplifier stage, but it
is not advisable to use a second pentode because
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of the possibility of feed-back and self-oscillation
In most cases atriode will give enough gain, as a
second stage, to make up the total gain required.
If not, a third stage, also a triode, may be used.
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SPEECH-AMPLIFIER CONSTRUCTION

Once a suitable circuit has been selected for
a speech amplifier, the construction problem
resolves itself into avoiding two difficulties —
excessive hum, and unwanted feed-bark. For
reasonably humless operation, the hum voltage
should not exceed about 1per cent of the maximum audio output voltage — that is, the hum
should be at least 40 db. below the output level.
Unwanted feed-back, if negative, will reduce the
gain below the calculated value; if positive, is
likely to cause self-oscillation or " howls." Feedback can be minimized by isolating each stage
with " decoupling" resistors and condensers, by
avoiding layouts that bring the first and last
stages near each other, and by shielding of " hot"
points in the circuit, such as grid leads in lowlevel stages.
Speech-amplifier equipment, especially voltage
amplifiers, should be constructed on steel chassis,
with all wiring kept below the chassis to take advantage of the shielding afforded. Exposed leads,
particularly to the grids of low-level high-gain
tubes, are likely to pick up hum from the electric
field that usually exists in the vicinity of house
wiring. Even with the chassis, additional shielding of the input circuit of the first tube in ahighgain amplifier usually is necessary. In addition,
such circuits should be separated as much as
possible from power-supply transformers and
chokes and also from any audio transformers that
operate at fairly-high power levels; this will minimize magnetic coupling to the grid circuit and
thus reduce hum or audio-frequency feed-back.
It is always a safe plan, although not an absolutely necessary one, to separate the speech
amplifier from its power supply, building them on
separate chassis.
If a low-level microphone such as the crystal
type is used, the microphone, its connecting cable,
and the plug or connector by which it is attached
to the speech amplifier, all should be shielded. The
microphone and cable usually are constructed
with suitable shielding. The cable shield should
be connected to the speech-amplifier chassis, and
it is advisable — as well as usually necessary —
to connect the chassis to aground such as awater
pipe.
Heater wiring should be kept as far as possible
from grid leads, and either the center-tap or one
side of the heater-transformer secondary winding
should be connected to the chassis. If the centertap is grounded, the heater leads to each tube
should be twisted together to reduce the magnetic
field from the heater current. With either type of
connection, it is advisable to lay heater leads in
the corner formed by afold in the chassis, bringing them out from the corner to the tube socket
by the shortest possible path.
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In ahigh-gain amplifier it is sometimes helpful
if the first tube has its grid connection brought
out to atop cap rather than to abase pin: in the
latter type the grid lead is exposed to the heater
leads inside the tube and hence may pick up more
hum. With the top-cap tubes, complete shielding
of the grid lead and grid cap is a necessity.
When metal tubes are used, always ground the
shell connection to the chassis. Glass tubes used
in the low-level stages of high-gain amplifiers
must be shielded; tube shields are obtainable for
that purpose. It is agood plan to enclose the entire amplifier in ametal box, or at hast provide it
with acane- metal cover, to avoid feed-back difficulties caused by the r.f. field of the transmitter.
R.f. picked up on exposed wiring leads or tube
elements causes overloading, distortion, and
frequent ly oscillation.
When using paper condensers as by-passes, be
sure that the terminal marked " outside foil" is
connected to ground. This utilizes the outside foil
of the condenser as a shield around the " hot"
foil. When paper condensers are use il as coupling
condensers between stages, always connect the
outside- foil terminal to the side of the circuit
having the lowest impedance to ground. Usually,
this will be the plate side rather than the following-grid side.

II

INCREASING

THE

EFFECTIVENESS

OF THE ' PHONE TRANSMITTER
The effectiveness of an amateur ' phone transmitter can be increased to aremarkable extent by
taking advantage of speech characteristics. Measures that mav be tal a it to make the modulation
more effective include and compression ( filtering), volume compression, and speech clipping.
Compressing the Frequency Band
Most of the intelligibility in speech is contained in the medium band of frequencies; that is,
between about 500 and 2500 cycles. On the other
hand, the major portion of speech power is
normally concentrated below 500 cycles. It is
these low frequencies that modulate the transmitter most heavily. If they are eliminated, the
frequencies that carry most of the actual communication can be increased in amplitude without exceeding 100- per- cent modulation, and the
effectiveness of the transmitter is correspondingly
increased.
One simple way to reduce low- frequency response is to use small values of coupling capacitance bet ween resistance-coupled stages, as shown
in Fig. 9-51. A time constant of 0.0005 second for
the coupling condenser and following-stage grid
resistor will have little effect on the amplification
at 500 cycles, but will practically halve it at 100
cycles. In t
wo cascaded stiles t
he gain will be
down al out 5db. at 200 cycles and 10 db. at 100
cycles. When the grid resistor is /
1 2 megohm a
coupling condenser of 0.001 ¡dd. will give the
required time constant.
The high-frequency response can be reduced
by using " tone control" methods, utilizing acon-

(A)

(13)

Fig. 9-5 — A, use of a small coupling condenser to
reduce low-frequency response: It, tone-control circuits
for reducing high•frequencr response. Values for C and
R are discussed in the text; 0.01 dd. and 25,000 ohms
are typical.

denser in series with avariable resistor connected
across an audio impedance at some point in the
speech amplifier. The best spot for the tone control is across the primary of the output transformer of the speech amplifier, as in Fig. 9-5B.
The condenser should have a reactance at 1000
cycles about equal to the load resistance required
by the amplifier tube or tubes, while the variable
resistor in series may have a value equal to four
or five times the load resistance. The control can
be adjusted while listening to the amplifier, the
object being to cut the high- frequency response
as much as possible without unduly sacrificing
intelligibility.
Restricting the frequency response not only
puts more modulation power in the optimum frequency band but also reduces hum, because the
low- frequency response is reduced, and helps reduce the width of the channel occupied by the
transmission, because of the reduction in the
amplitude of the high audio frequencies.
Volume Compression

Although it is obviously desirable to modulate
the transmitter as completely as possible, it is
difficult to maintain constant voice intensity
when speaking into the microphone. To overcome
this variable output level, it is possible to use
automatic gain control that follows the average
(not instantaneous) variations in speech amplitude. This can be done by rectifying and filtering
some of the audio output and applying the rectified and filtered d.c. to acontrol electrode in an
early stage in the amplifier.
A practical circuit for this purpose is shown
in Fig. 9-6. The rectifier must be connected,
through the transformer, to a tube capable of
delivering some i)over output (a small part of
the output of the power stage may be used) or
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else a separate power amplifier for the rectifier
circuit alone may have its grid connected in
parallel with that of the last voltage amplifier.
Resistor R4, in series with R5 across the plate
supply, provides an adjustable positive bias on
the rectifier cathodes. This prevents the limiting
action from beginning until adesired microphone
input level is reached. R2, R3, C2, C3 and C4 filter
the audio frequencies from the rectified output.
The output of the rectifier may be connected to
the suppressor grid of apentode first stage of the
speech amplifier.
A transformer with a turns ratio such as to
give about 50 volts when its primary is connected
to the output circuit of the power stage should
be used. If atransformer having acenter-tapped
secondary is not available, a half- wave rectifier
may be used instead of the full-wave circuit
shown, but it will be harder to get satisfactory
filtering.
The over-all gain of the system must be high
enough so that full output can be secured at a
moderately low voice level.
Speech Clipping and Filtering
In speech waveforms the average power content is considerably less than in a sine wave of
the same peak amplitude. Since modulation percentage is based on peak values, the modulation
or sideband power in a transmitter modulated
100 per cent by an ordinary voice waveform will
be considerably less than the sideband power in
the same transmitter modulated 100 per cent by
a sine wave. In Fig. 9-7 the upper drawing, A,
represents asine wave having amaximum amplitude that just modulates agiven transmitter 100
per cent. The speech wave at B also represents
100-per-cent modulation.
If the amplitude of the wave shown at B is
increased so that its power is comparable with or
higher than the power in a sine wave, but with
everything above 100- per-cent modulation cut
off, it will appear as shown at C. This signal will
not modulate the transmitter more than 100 per
cent, but the voice power is several times greater
than B. The wave is not exactly like the one at
B, so the result will not sound exactly like the
original. However, " clipping" of this type can be
used to secure aworth-while increase in modulation power without sacrificing intelligibility. Once
the system is properly adjusted it will be impos-

Fig. 9.6 — Speech-amplifier output-limiting circuit.
CI, C2, C3,C4 — 0.1-µfd.; RI, R2,, R3 - 0.22 megohm;
114 — 25,000-ohm pot.; Rs — 0.1 megohm; T — see
text.
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(A)

(B)
l00%
i00%

(c)
w00%
Fig. 9-7— The normal speech wave ( II) has high peaks
but low average energy content. When the peaks are
clipped the signal ma; be increased to a .unsiderably
higher power level without causing overmodulation ( C).

sible to overmodulate the transmitter because the
maximum output amplitude is held to the same
value no matter what the amplitude of the signal
applied.
By itself, clipping generates the same highorder harmonics that overmodulation does, and
a signal modulated by the clipped waveform
shown in Fig. 9-7 would " splatter". To prevent
this, the audio frequencies above those needed for
intelligible speech must be filtered out, after clipping and before modulation. The filter required
for this purpose should have relatively little attenuation at frequencies below about 2500 cycles,
but high attenuation for all frequencies above
3000 cycles.
It is possible to use as much as 25 (lb. of clipping before intelligibility suffers; that is, if the
original peak amplitude is 10 volts, the signal can
be clipped to such an extent that the resulting
maximum amplitude is less than one volt. If the
original 10-volt signal represented the amplitude
that caused 100- per-cent modulation on peaks,
the clipped and filtered signal can then be amplified up to the same 10-volt peak level for modulating the transmitter, with a very considerable
increase in modulation power.
There is aloss in naturalness with " deep" clipping, even though the voice is highly intelligible.
With moderate clipping levels (6to 12 db.) there
is almost no perceptible change in " quality" but
the voice power is four to sixteen times as great
as in ordinary modulation.
Before drastic clipping can be used, the speech
signal must be amplified several times more than
is necessary for normal modulation. Also, the
hum and noise must be much lower than the
tolerable level in ordinary amplification, because
the noise in the output of the amplifier increases
in proportion to the gain.
One type of clipper-filter system is shown in
block form in Fig. 9-8. The clipper is a peaklimiting rectifier of the same general type that is
used in receiver noise limiters. It must clip both
positive and negative peaks. The gain or clipping
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Fig. 9-8 — Block diagram of speech-clipping and filtering amplifier.
control sets the amplitude at which dipping
starts. Following the low-pass filter for eliminating the harmonic distortion frequencies is a
second gain control, the " level" or modulation
control. This control is set initially so that the
amplitude- limited output of the clipper-filter
cannot modulate the transmitter more than 100
per cent.
It should be noted that the peak amplitude
of the audio waveform actually applied to the
modulated stage in the transmitter is not necessarily held at the same relative level as the peak
amplitude of the signal coming out of the clipper
stage. When the clipped signal goes through the
filter, the relative phases of the various frequency components that pass through the filter
are shifted, particularly those components near
the cut-off frequency. This may cause the peak
amplitude out of the filter to exceed the peak
amplitude of the clipped signal applied to the
filter input terminals. Similar phase shifts can
occur in amplifiers following the filter, especially
if these amplifiers, including the modulator, do
not have good low-frequency response. With
poor low-frequency response the more-or-less
"square" waves resulting from clipping tend to
be changed into triangular waves having higher
peak amplitude. Best practice is to cut the lowfrequency response before clipping and to make
all amplifiers following the clipper- filter as flat
and distortion- free as possible.
The best way to set the modulation control
in such asystem is te check the actual modulation
percentage with an oscilloscope connected as (ivscribed in the chapter on modulation. With the
gain control set to give a desired clipping level
with normal voice intensity at the microphone,
the level control should be adjusted so that the
maximum modulation does not exceed 100 per
cent no matter how much sound is applied to
the microphone.
Practical circuits for clipping and filtering are
illustrated in a speech amplifier described in
this chapter.
High-Level Clipping and Filtering
Clipping and filtering also can be done at high
level — that is, at the point where the modulation
is applied to the r.f. amplifier — instead of in the
low-level stages of the speech amplifier. In one
rather simple but effective arrangement of this
type the clipping takes place in the Class- B
modulator itself. This is accomplished by carefully adjusting the plate- to-plate load resistance
for the modulator tubes so that they saturate or
clip peaks at the amplitude level that represents

100 per cent modulation. The load adjustment
can be made by choice of output transformer
ratio or by adjusting the plate-voltage/platecurrent ratio of the modulated r.f. amplifier. It is
best done by examining the output waveform
with an oscilloscope.
The filter for such asystem consists of achoke
and condensers as shown in Fig. 9-9. The values of
L and C should be chosen to form a low-pass
filter section having acut-off frequency of about
2500 cycles, using the modulating impedance of
the r.f. amplifier as the load resistance. For this
cut-off frequency the formulas are
L1 —
Cl

= C2

=

78.50

63.6
—
R

Where R is in ohms, L1 in henrys, and C1 and
in microfarads. For example, with a plate
modulated amplifier operating at 1500 volts and
200 ma. ( modulating impedance 7500 ohms) L
would be 7500/7850 = 0.96 henry and C1 or C2
C2

To
Plate of
Modulated
Amplifier

Fig. 99 — Splatter-suppression filter for use at high
les el, shown here connected between aClass-B modulator and plate- modulated r.f. amplifier. Values for 14,
CIand C2 are determined as described in the text.
would be 63.6/7500 = 0.0085 ¡dd. By-pass condensers in the plate circuit of the r.f. amplifier
should be included in C2. Voltage ratings for C1
and C2 must be the same as for the plate blocking
condenser — i.e., at least twice the d.c. voltage
applied to the plate of the modulated amplifier.
L and C values can vary 10 per cent or so without seriously affecting the operation of the
filter.
Besides simplicity, the high-level system has
the advantage that high- frequency components
of the audio signal fed to the modulator grids,
whether present legitimately or as a result of
amplitude distortion in lower-level stages, are
suppressed along with the distortion components
that arise in clipping. Also, the undesirable effects
of poor low- frequency response following clipping
and filtering, mentioned in the preceding section,
are avoided. Phase shifts can still occur in the
high-level filter, however, so adjustments preferably should be made by using an oscilloscope to
check the actual modulation percentage under
all conditions of speech intensity. ( For further
discussion see Bruene, " High- Level Clipping and
Filtering", QS7', November, 1951.)
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A Clipper- Filter Speech Amplifier- Driver
The speech amplifier shown in Figs. 9-10, to
9-11, inclusive, uses push-pull triodes to obtain
a power output of 13 watts with negligible distortion — sufficient to drive most of trie commonly-used Class- B modulator tubes. It includes
a clipper-filter for increasing the effectiveness of
modulation and for confining the channel width
to frequencies needed for intelligible speech. The
over-all gain is ample for use with communications- type crystal microphones when using clipping of the order of 12-15 db. Miniature tubes are
used in the voltage-amplifier stages. The output
tubes are 6B4Gs, operated Class AB1 with fixed
bias. Two power supplies are included, one for
the voltage amplifier stages and the other for the
output tube plates.
As shown in Fig. 9-11, the first two stages are
voltage amplifiers of ordinary design, using a
6AU6 pentode in the first stage and a6C4 triode
in the second. The output of the second stage
can be switched either to the 12A157 doubletriode clipper or to the 6C4 voltage amplifier that
drives the 61340 grids. In the latter case the amplifier operation is conventional. The clipi
when operative, provides additional voltage gain
as well as clipping. Its output goes through a
simple low-pass filter ( LiCei2) so that harmonics generated by clipping will be attenuated
before the signal' reaches the grid of the smut('
6C4. The frequency response of t
he amplifier wit h
the filter in circuit, but wit h the signal below t
he
clipping level, drops at the rate of roughly 6db.
per octave below 500 cycles; above 4000 cycles
the response is down 25 db. compared with the
medium audio range.
A two-section filter is used in the plate supply
for the voltage-amplifier stages. The hum level
must be kept low because of the high gain required when using clipping. A single-section filter
is sufficient for the output stage. Bias for the
6B4G grids is obtained from the low- voltage
supply by means of Ric ,by-passed by Cu.
Two gain controls are included, one ( It) for
setting the level into the clipper circuit and thus
determining the amount of clipping, and the

•
Fig. 9-10 — This specch-amplilier and driver
has ample gain for acrystal microphone and
is complete with power supply. 'I'he measured undistorted output is 13 watts. It incorporates adipper-filter system for increasing modulation effectiveness and decreasing
channel width.

•

second
for setting the output level after
clipping. With the clipper in use, proper setting
of R13 will keep the modulation level high but
will prevent overmodulation.
Construction
As shown in Fig. 9-10, the voltage amplifiers
occupy the left front section of the chassis. The
6AU6 first amplifier is at the left, followed in
order to the right by the first 6C4, the 12A1 -7,
and the second 6C4. The 6B4Gs and their out put
transformer are at the right front. The cylindrical
unit just behind the second 6C4 is the interstage
audio transformer,
Power supply components are grouped along
the rear edge of the chassis, with the low- voltage
supply at the left. The power transformers should
be kept well separated from the voltage amplifiers, particularly t
he first two stages, in order
to minimize hum difficult ies.
On the front panel, the microphone input connector is at the lower left. Next to it is the
clipping control, then the clipper in-out switch,
and then the modulation control. The two toggle
switches at the right are 82 and S3. The a.c. input
socket is by-passed by C,5 and C16, to reduce the
possibility that r.f, picked up on the line cord will
get. into the low-level speech stages.
The wiring underneath the chassis is relatively
simple, as shown by Fig. 9-12. The microphone
input circuit, including /On and Ci, is enclosed
in aNational jack shield, and the lead from RFC'
to the 6AU6 grid also is shielded.
Adjusting the Clipper- Filter Amplifier
The good effect of the low-pass filter in eliminating splatter can be entirely nullified if the
amplifier stages following the filter can introduce
appreciable distortion. Amplifier stages following
the unit must be operated well within their
capabilities; in particular, the Class B output
transformer ( if a Class B modulator is to be
driven) should be shunted by condensers to
reduel. he high-frequency response as described
in the section on Class 13 modulators.
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Fig. 9-11 — Circuit diagram of the clipper-filter speech amplifier.
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Fig. 9-12
Below-chassis view of the clipper-filter speech amplifier. The relatively
small number of components below the
chassis makes wiring simple.

•
The setting of R13 is most important.
It is most easily done with the aid of an
oscilloscope ( one having alinear sweep)
and an audio oscillator, using the test
set-up shown in the section on testing
of speech equipment. Use a resistance
load on the output transformer to reflect
the proper load resistance ( 3000 ohms)
at the plates of the 6B4Gs. First set R13
at about %I the resistance from the ground end,
switch in the clipper-filter, and apply a 500cycle sine-wave signal to the microphone input. Increase the signal amplitude until clipping starts, as shown by flattening of both the
negative and positive peaks of the wave. To
check whether the clipping is taking place in
the clipper or in the following amplifiers, throw
Si to the " normal" or " out" position; the
waveshape should return to normal. If it does
not, return St to the " in" position and reduce the setting of R13 until it does. Then reduce
the amplifier gain by means of R6 until the
signal is just below the clipping level. At this
point the signal should be a sine wave. In-

crease R13 ,without touching R6,until the wave
starts to become distorted, and then back off
R13 until distortion disappears.
Next, change the input-signal frequency to
2500 cycles, without changing the signal level.
Slowly increase R6 while observing the pattern.
At this frequency it should be almost impossible to get anything except a sine wave through
the filter, so if distortioP appears it is the result
of overloading in the amplifiers following the
filter. Reduce the setting of R13 until the distortion disappears, even when R6 is set at maximum and the maximum available signal from the
audio oscillator is applied to the amplifier. The
position of R13 should be noted at this point and
the observed setting should never be exceeded.
To find the operating setting of R13 ,leave the
Cm
100-55fd. mica.
audio-oscillator signal amplitude at the value
C2, C. C13 — 20- 5M. 25- volt electrolytic.
Cs — 0.1-5fd. 400-volt paper.
just under the clipping level and set up the
C4,C7, C15, Cot — 0.01- 5M. 400.volt paper.
complete transmitter for a modulation check,
Ca.C5 — 8. 5fil. 450-volt electrolytic.
using the oscilloscope to give the trapezoidal
Ca, C11 — 470« 44
/
4fill. mica.
pattern. With the Class C amplifier and modCio — 0.002- 5 M. mica or paper.
C12— 330- 55 fil. mica.
ulator running, find the setting of R13 ( keeping
C14 — 30.pfd. 150-volt electrolytic.
the audio signal just under the clipping level)
Ci7, Cis, C15
16- 5fd. 150-, oit electrolytic.
that just gives 100-per-cent modulation. This
C20, C21 — 8- 5fd. 450-volt electrolytic (Can type).
Ri — 2.2 megohms,
watt.
setting should be below the maximum setting
R2, R14 — 2200 ohms,
watt.
of R13 as previously determined; if it is not, the
113— Imegohm,
watt.
driver and modulator are not capable of modu114, 119 — 0.47 megohm, 32 watt.
Its — 47,000 ohms, 34 watt.
lating the transmitter 100 per cent and must be
Rs — 2-megohm volume control.
redesigned — or the Class C amplifier input
11 7 — 3900 ohms,
watt.
must be lowered. Assuming asatisfactory setting
Rs — 0.1 megohm, 3/2 watt.
is found, connect a microphone to the amplifier
Rio — 1500 ohms, 1watt.
— 47,000 ohms, 1watt.
and set the amplifier gain control, R6,so that the
R12 — 56,000 ohms, %2watt.
transmitter is modulated 100 per cent. Observe
11 13 — 0.5-megohm volume control.
the pattern closely at different settings of Rs, to
Ri — 10,000 ohms, 20 watts.
Rift — 2000-ohm 25-watt adjustable.
SOO if it is possible to overmodulate. If over1.1 — 20 henrys, 900 ohms ( Staneor C-1515).
modulation does not occur at any setting of R6,
1.2, LS — 15 henrys, 75 ma. (Stancor C.1002).
the transmitter is ready for operation and R13
1.4 — 10.5 henrys, 110 ma. ( Stancor C-1001).
may be locked in position; it need never be
ii — Microphone cable rec.•ot.,.
imphenol PC1M).
J2 — Chassis-mounting 113- Silt plug.
touched subsequently. If some overmodulation
SI — ll.p.d.t. rotary switch ( Mallory 3122-J).
does occur, R13 should be backed off until it disS2, S — S.p.s.t. toggle.
appears and then locked.
Tt — Audio transformer, single plate to p.p. grids,
ratio 2:1 (Thordarson •r2oArr).
In the absence of an oscilloscope the other
T.— Driver transformer, variable ratio, p.p. driver to
methods of checking distortion described in
Class-B grids, pri. rating 120 ma. per side (Stan the section on speech-amplifier testing may
cor A-4763).
be used. The object is to prevent distortion in
Ta
Power transformer: 700 v. c. t., 90 ma.; 5 v., 2
amp.; 6.3 v. 3.5 amp. (Stancor P-4079).
stages following the filter, so that when the
T4 — Power transformer: 700 v. c. t., 110 ma.; 5 v., 3
clipping level is exceeded the following stages
amp.: 6.3
4.5 amp. (Stancor P-4080).
will be working within their capabilities.
RFC1 — 2.5 mh. r.f. choke.
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6L6 Modulators for Low-Power Transmitters

Plate modulation for transmit ters operating
at final-stage plate power inputs up to 75 or
80 watts can be provided at relatively small
cost by using Class AB 61.6s as modulators.
The combined speech amplifier and modulator
shown in Fig. 9-13 uses the 6L6s as Class AB 2
amplifiers and has an output ( from the transformer secondary) of about 40 watts. The
first stage is a6SJ7 high-gain pentode amplifier,
r
—

must be obtained from a separate -'ripply.
Fixed bias for the 6L6 grids is obtained from
the built-in supply by taking the drop across
This resistor should be adjusted so the
voltage drop across it is 22.5 volts when the
speech-amplifier stages are taking normal current.
In building the amplifier, the usual precautions as to placement of components and wiring
to avoid hum and feed-back should be
observed. The microphone connector,
It, should be located close to the
socket so t lead to the grid can
This lead also should be
shielded.
The power supply for the 61.6s must
have good voltage regulation, since
the total current varies front approximately 95 ma, with no signal to
220 ma, at full output. A heavy-duty
choke- input plate supply should be
used: general design data will be found
in the power-supply chapter.
20- Watt Modulator

Fig. 9-16 is t
he circuit of a speech
amplifier and modulator that has all
out
of approximately 20 watts.
This circuit also uses 61.6s as output
t
out's, but the amplifier operates Class
and thus requires no drivin
/
id
power. Beeause or t
itis, ft.wer voltage'I he second tube front the left, in the 6,reground,
6.17 hir:t
amplifier stages are needed than in the
amplifier. The microphone eonneetor is ittimediat,.1 helo, it on
the chassis wall. Along the left edue. front the front, are the h, ri
case of the 40- watt amplifier. Pushand second 6SN7GTs and the dris er transformer for the 61.6.. 'Ile
pull input for the grids of the 61.6s is
output transformer is to the right of the 61.6s. The power transsecured by using a single- plate- toformer and rectifier are at the far right.
.
push-pull audio transformer between
the 6.15 and the 61.6s. In this case it is
and is resistance coupled to one section of a economical to use asingle power supply for the
6SN7GT triode amplifier. The other section
entire amplifier, so the low- voltage supply cirof the 6SN7GT is used as a single- tube phase
cuit shown in the 40- watt amplifier circuit
inverter to obtain push-pull output. The grids
may be omitted.
of the push-pull 6L6s are driven by a6SN7GT,
This amplifier can be used to plate- modulate
with the two sections in push-pull,
through transformer T1.The gain control, R6,is in the grid circuit of the
first 6SN7GT section, and is shunted
by condenser C5 to reduce the highfrequency response. Condenser en,
across the secondary of Tli serves a
similar purpose. The over-all circuit
constants have been chosen so that
the maximum response is in the most
effective speech- frequency band. The
response is down about 10 (lb. at 100
and 3000 cycles, as compared with the
range 300 - 1500 cycles. The gain is
more than sufficient for typical crystal
microphones.
A power supply for the speech- Fig. 9-14 — Underneath the cita-- i- if the 40-watt modulator. The
amplifier stages and for the 6L6 heat- power-supply choke is mounted below chassis at the right. The bias.
ers is included in the unit, but the setting resistor, Rig, is on the rear chassis wall, at the lower right
in this photograph. Other components are grouped near the tube
power for the 6L6 plates and screens socket with which they are associated.
I'
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Fig. 9-15 — Circuit diagram
CI, Co — 25-gfd. 25-volt electrolytic.
C2, C4, C7, CS, CO— 0.1-pfd. 109-volt paper.
Cs, Cio, Ct2, C14, C15 — 8- mfd. • ISO- volt electrolytic.
C5 — 470-gard. mica.
Cii — 0.01- 5 1d. 6011-volt paper.
Cis — 0.01-pfd. 1200-volt mica.
Cis — 50-pftl. 50- volt electrolytic.
RI— 4.7 megohnis, I5 watt.
112, 117
1500 ohms, 3
2 watt.
R3— 1.5 megohnis, 32 watt.
114 — 0.22 megolun, 32watt.
Ha — 47,000 ohms, ,
1
/
2 watt.
Re — 0.5-megolun potentiometer.
1(8, 1(13 — 56,000 ohms, 3
,
2watt.
Its, 1(14, 1115 — 0.47 megohin. I
2 Wait.
Rio — 18,000 ohms, 3/2 watt.
RI
i — 39,000 ohms, 32 watt.

an input of 40 watts to the r.f.
amplifier. It is necessary, of
course, to choose the proper
output- transformer turns ratio to couple the modulator
and modulated amplifier.
The output stage is designed
to work into a plate-to- plate
load of 9000 ohms.
For the maximum power
output of 20 watts, the plate
supply for the amplifier must
deliver 145 ma. at 360 volts.
A condenser-input supply of
ordinary design may be used.
The total plate current is
approximately 120 ma. with
no signal and 145 ma. at
full output. If no more
than 12 or 13 watts is
needed, R9 and Rto may
be omitted and all tubes
fed directly from a " B"
supply giving approximately
175 ma. at 270 volts.
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of the 40-watt modulator.
Ris — 10,000 ohms, Iwatt.
R16 — 470 ohms, Iwatt.
R17 — 7500 ohms, 10 watts.
Ris — 7000 ohms, 25 watts.
Rio — 1000-ohm wire-wound potentiometer, 4 watts.
112o — 1200 ohms, 10 watts.
— Smoothing choke: 12 henrys, 80 ma. (Thordarson
T20(:53).
Ii — 6.3-volt pilot lamp.
Ji — Microphone-cable connector ( Amphenol).
Ti — Class :\ 132 driver transformer, p.p. plates to p.p.
grids ( Stancor A-4116).
T2 — Modulation transformer, 3800 ohms to desired
load (unit shown I.. Stancor A-3893).
Ta — Power transformer: 31) volts each side center- tap,
70 ma.; 5 volt ,. 3 amp.; 6.3 volts, 3 amp.
(Stancor P-4078).

Fig. 9-16 — Circuit diagram of alow-cost modulator capable of power outputs
up to 20 watts.
Ci,

C2 — 20-ad. 50-volt electrolytic.
Ca — 0.1-ufd. 200-volt paper.
C4 — 0.01- pfd. 400-volt paper.
Cs, Cs — 8-gfd. 450-volt electrolytic.
C7 — 50;fd. 50-volt electrolytic.
RI— 4.7 megolims, 34 watt.
112— 1500 ohms, 3'2 matt.
Rs — 1.5 megolims,
matt.
114 — 0.22 megohm.
watt.

Rs- 47,000 ohms,
watt.
Rs — 1-megohm volume control.
117 — 1500 ohms, 1watt.
Rs — 250 ohms, 10 watts.
119
2000 ohms, 10 watts.
Rio — 20,000 ohms, 25 watts.
Ti — Interstage audio transformer,
single plate to p.p. grids, ratio
3:1.
Ta — Output transformer, type
depending on requirements.
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Screen Modulator Circuit

Fig. 9-17 is arepresentative circuit for amodulator for the screen grid of abeam tetrode. Most
r.f. tubes of this type require very little modulating power in the screen circuit, so areceivingtype audio power amplifier usually is sufficient.
The circuit shown has ample gain for a crystal
microphone and will fully modulate ascreen grid
that does nnt require an average audio power of
more than three or four watts. It can also be used
for modulating a pair of r.f. tubes where these
requirements am not exeeeded. Tice chapter on
amplitude modulation should be consulted for
information on deh.rmilling the voltage swing
and modulating power for aparticular tube type.
The turns ratio required in Th primary to second:try, will range from 1to Ito 0.8 to 1for various
r.f. tubes, since the peak output voltage of the
tube across the primary of the transformer is
about 200 volts. An inexpensive driver transformer, of the type used for coupling a triode or
pentode to Class A132 tetrodes of the 6L6 class,
will be satisfactory. It should preferably have
two or three primary taps so the turns ratio can
be adjusted. Transformer coupling is used in
preference to direct coupling ( i.e., " clamp-tube"
modulation of the screen) because of simpler
adjustment, ease of modulating 100 per cent, and
because it permits using alow-voltage supply for
the screen grid of the modulated r.f. amplifier.
Tice speech input stage uses a68J7 pentode and
is followed by a 6J5 voltage amplifier. The 6V6
output stage uses negative feed-back, the feedback voltage being taken front the plate circuit
by means of the voltage divider JewHit and ap-

plied in series with the plate resistor, R7, of the
preceding stage. Negative feed-back in the modulator is very desirable when a screen or control
grid is to be modulated because the load on the
nlodulator varies over the audio- frequency cycle,
and feed-back reduces the distortion that arises
from this cause. In this circuit the percent feedback is chosen to be as large as possible while
still retaining enough voltage gain for normal
voice intensity into acrystal microphone.
The leinl between the microphone connector
and the 6S,17 grid should be shielded, as should
also the first-stage grid-resistor, kt.Such shielding prevents hum pick-up on the grid lead. Aside
from this, no special precautions ni.ed be observed
in constructing the amplifier, bey cud keeping the
heater leads well away from the plate and grid
leads of the tubes.
The heater requirement for the unit is 1ampere
at 6.3 volts. Plate-supply requirements vary from
about 70 to 85 ma. at 250 to 300 volts, depending
on the screen current taken by the tube being
modulated. R13 should be adjusted, by means of
the slider, to give the proper d.c. voltage at the
screen of the modulated stage. This voltage will,
in general, be approximately half the d.c. screen
voltage recommended for c.w. operation, as described in the chapter on amplitude modulation.
The method of adjust meld for linear modulation
is also covered in that chapter.
The same circuit may he used for control-grid
modulation of either trhsle or tetrode r.f. amplifiers. The method of adjustment is described
in the chapter on amplitude modulation

Fig. 9-17— Modulator circuit for screen or control grid modulation.
Cu, Cg — 10-afd. 25-volt electrolytic.
Cg — 0.1-µfd. 400-volt paper.
Cg, Cg — 0.01-afd. 400-volt paper.
Ca — 50-pfd. 50-volt electroly tic.
C7, Cg, Co — 10- 51d. 450- volt electrolytic.
Hi — 2.2 megohms, V¡ watt.
112, RO— 1500 ohms, jÁj watt.
113— 1megohm, J4 watt.
114 — 0.22 megohm, AI watt.
Rg — 1-megohm potentiometer, audio taper.

117, Rs — 0.1 inegolun, 2 %, t
i.
Rg — 235 ohms, 2 watts. • Tuo 170-ohm 1-watt units in
parallel.)
Rig, R 2 — • 17,000 011M.•. Iwatt.
• — 27,000 ohms., Imatt.
n — 25,000-ohm adjustable. 25 watts.
Ji — Mierophone jack.
• — 4-pole 2-position rotary switch (see text).
• — Audio driver transformer ( see text).
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Push-Pull 807 Modulator and Speech Amplifier
The speech amplifier laid nmdulator s'ami in
separately by-passed to ground with a mica
Fig. 9-18 is capable of modulating apower input
condenser for the same reason.
to the modulated amplifier of approximately 200
A filament transformer capable of handling all
watts when the maximum rated voltage of 750 is
tube heaters is included as part of the unit.
applied to the 807 plates. The maximum undisCircuit constants have been selected so that the
torted audio power output is 100 watts at that
overall frequency response is sufficiently flat in
plate voltage, after allowing for losses in the outthe normal range of voice frequencies, but drops
put transformer. The 807s are operated as Class
off above 3000 cycles and below 150 cycles.
AB 2 amplifiers.
As shown in Fig. 9-19, the first
speech amplifier tube is a 68.17,
with its input circuit arranged for
use with acrystal microphone. The
second stage, also a resistancecoupled voltage amplifier, uses a
6.15. The third stage, which must
deliver power to the grids of the
Class AB2 modulator tubes, uses
a6K6 pentode. Negative feed-back
is incorporated in this stage as a
means for improving its output
voltage regulation and reducing
distortion. The 6K6 is coupled to
the modulator grids through a
transformer.
In the modulator stage small
ehokes, RleCi and RFC2, are mnnected in the grid leads and 100ohm resistors are connected in the Fig. 9-18 — Modulator unit using push-pull 807s with speech amplifier
screen leads to prevent the parasitic designed for crystal-microphone input. It is built on a 7by 17 by 3steel
chassis and eau he mounted on a standard 8% inch Delay-rack panel.
oscillations that frequently occur The audio power output obtainable varie, from 50 to 100 watts dependwith 807s. Each screen resistor is ing on the plate voltage supplied to the 807s.
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Fig. 9-19— Circuit diagram of the push-pull 807 modulator
CI, C4— 10-gfd. 25-volt electrol> tic.
Cs — 0.1-aftl. 400-volt paper.
CS, C5 — 0.0015-Al. mica.
Ca — 50- 51d. 50- volt electrol tie.
C7, Cg — 10- gfd. 450-volt electrolytic.
C9, CIO. Cl2
0.002-51d. mica.
C1
1 — 680-ggfd. mica.
—2.2 megohms, A
1 watt.
112, Ha — 1500 ohms, j‘ watt.
lia — 1megohm,
watt.
04 — 0.22 megolim, i2 watt.
135 — 1-megohm potentiometer, audio taper.

137, 135 — 0.1 megohm,
watt.
09 — 600 ohms, 1watt.
Hia — 0.1 megohm, 1watt.
lin — 27,000 ohms, Iwatt.
H12 — 47,000 ohms, Iwatt.
Hia. 014 — 100 ohms. !•.jwatt.
— 0.7 mierobenry (Ohmite Z-50).
.11 — Microphone jack.
Si — S.p.s.t. switch (part of gain-control assembly).
Ti — 6.3 colts a.c.. 3 amp.
TS— Class AII2 driver transformer, single plate to p.p.
grids, turns ratio 2 to I, pri. to is sec.
7'3 — Output transformer (see text).
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•
Fig. 9-20— Bottom view of the pushpull 807 modulator. In this view the
microphone connector is at the lower
right, with the gain control just to its
left. The filament transformer
in the
upper left corner. Cramic feed - thrdnigh
insulators are used to carry the output
transformer connections through the
chassis, and safety terminals are used
for the high-volt age d.c, lead and the
output transformer secondary terminals.

The general layout of the unit is shown in
Figs. 9-18 and 9-20. The metal tube nearest the
front of the chassis is the 68‘17 and the 6J5 is
toward the rear. The layout is not critical, except
that it is advisable to keep the filament transformer well separated from the low-level stages
and the input transformer, Tz.
To prevent hum pick-up the lead from the
microphone connector to the grid of the 6S.17
should be shielded, as should also the grid resistor, 11f. A satisfactory shield for the grid resistor may be made by slipping a short piece of
spaghef ti tubing over the resistor and then covering the tubing with shield braid. The braid shbuld
be grounded to the chassis. The leads- to the gain
control, ks, should be made from shielded wire.
The type of output transformer to use will depend on the modulating impedance of the Class C
r.f. stage. At maximum ratings the SO7s require
a plate- to-plate load of 6950 ohms, so the output
transformer turns ratio must be selected accordingly.
In case the input to the modulated stage is less
than 200 watts. the 807s may be operated at a
redueed plate voltage to obtain the necessary
audio power output. Typical operating conditions
at various plate voltages are given below:
Plate voltage
400 500 600 750 volts
Sen en voltage
300 300 300 300 volts
;rid bias
— 25 — 29 — 30 — 32 volts
Plate current, max.
sig.
240 240 200 240 ma.
Plate current, no sig. 90
72
60
52 ma.
Load resistance
3200 4240 6400 6950 ohms
Power output
55
75
80 120 watts
The output figures given above are tube output
only, and do not include transformer losses. They
should be reduced by about 15 per cent to obtain
the actual power available for modulating the
transmitter. For example, with a plate-supply
voltage of 500 the actual output can be expected
to be about 65 watts, sufficient for modulating
130 watts input.
The table al 'ove gives the power supply requirements for the 807s at various plate voltages.
The fixtal bias may be supplied by bat tories or a
bias supply such as is described in the chapter on
power supplies. The screen voltage may be be-

tween 250 and 300 in the practical case; at 250
volts somewhat less bias is needed and the driving
power required is slightly increased but the power
output is approxim itfly t
he same.
The first three stages of the unit may be operated from a small power supply giving approximately 70 ma. at 250 to 300 volts. A suitable circuit diagram is given in Fig. 9-21. This circuit also
supplies the fixed bias for the 807 grids, by utilizing the voltage drop between the negative side
of the high-voltage output and ground through
the tap on resistor 112. The slider on 112 should be
adjusted so that the proper bias voltage, as given
by the table on this page, is obtained. It is advisable to eheck the 807 smell current, with no
plate voltage on the 807s, to be sure that the
ratfal screen dissipation of 3.5 watts per tube is
not exceeded. If it is, the bias should be inereaszal
to keep the dissipation within rating. This will
prevent damage to the screens during stand-by
periods.
Such apower supply can be incorporated in the
modulator unit, if desired. The principal precaution to be observed is that the power transformer
should not be mounted near the low-level stages.
A slightly deeper chassis may be required.
L,

Fig. 9-21 — Power supply for speech-amplifier stages
of 807 modulator. The unit also supplies used bias for
the 807 grids.
CI, C2— 8.pfll. eleetrI4 tit% FM %ORS.
(:3 -electrok t
in. 51) sIriUs.
Filter choke, 30 heirs75 ma.
Itt — 15,000 ohms, 10 watts.
Ri
1000-ohm adjustable, 10 watts.
St — S.p.s.t. toggle.
Ti — Power transformer, 350 volts each side c.t., 70
ma.; 5v. 3amp.; 6.3 v. 3amp.
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stage, because one power supply of adequate current capacity may then suffice for both stages.
In estimating the output of the modulator,
remember that the figures given in the tables are
for the tube output only, and do not include output-transformer losses. To be adequate for modulating the transmitter, the modulator should have
a theoretical power capability about 25 per cent
greater than the actual power needed for modulation.

CLASS- B MODULATORS

Plate modulation of all but low-power transmitters requires so much audio power that the
Class B amplifier is the only practical type to use.
(Included in the Class B category are high-power
modulators of the Class AB2 type; whether the
operation is in one class or the other is principally
a matter of degree.)
Class B modulator circuits are practically
identical no matter what the power output of the
modulator. The diagrams of Fig. 9-22 therefore
will serve for any modulator of this type that the
amateur may elect to build. The triode circuit is
given at A and the circuit for tetrodes at B. When
small tubes with indirectly-heated cathodes are
used, the cathodes should be connected to ground.

Matching to Load
In giving Class B ratings on power tubes,
manufacturers specify the plate-to-plate load
impedance into which the tubes must operate to
deliver the rated audio power output. This load
impedance seldom is the same as the modulating
impedance of the Class C r.f. stage, so a match
must be brought about by adjusting the turns
ratio of the coupling transformer. The required
turns ratio, primary to secondary, is

Modulator Tubes
Class B audio ratings of various types of transmitting tubes are given in the chapter containing
the tube tables. Choose a pair of tubes that is
capable of delivering sine-wave audio power equal
to somewhat more than half the d.e. input to the
modulated Class C amplifier. It is sometimes
convenient to use tubes that will operate at the
same plate voltage as that applied to the Class C

N =

r.f.

TO MPO
LO
À ,tr

2

_Lc,

DRIVER PLATES
OR LINE

Z.

where N = Turns ratio, primary to secondary
Z. = Modulating impedance of Class C
amplifier
Zp = Plate-to-plate
Class B tubes

load

impedance

for

Example: The modulated r.f. amplifier is to
operate at 1250 volts and 250 ma. The power
input is
P = El = 1250 X 0.25 = 312 watts

4 :4tI?I'F
.2I
R
AP.

(A)

so the modulating power required is 312/2 =
156 watts. Increasing this by 25% to allow for
losses and a reasonable operating margin gives
156 X 1.25 = 195 watts. The modulating impedance of the Class C stage is
E
1250
=
=
= 5000 ohms.

TRANS.

115V.
AG.

MOD 4FI.V.

TOP
"°
A71 "

From the tube tables a pair of Class B tubes is
selected that will give 200 watts output when
working into a 6900-ohm load, plate-to-plate.
The primary- to-secondary turns ratio of the
modulation transformer therefore should be

N
c2

DRIVER PLATES
OR LINE

NY FOR
MOD. AMP.

-HI(

+ SG MOO.+HV

Fig. 9-22 — Class B modulator circuit diagrams.
and circuit considerations are discussed in the text.

Tubes

=

Z,,

6900 — _
_ V 1.38 —
—
5000

= •Ni —

Z.,

The required transformer ratios for the
ordinary range of impedances are shown
graphically in Fig. 9-23.
Commerical Class B output transformers
usually are rated to work between specified
primary and secondary impedances and
frequently are designed for specific Class B
tubes. In such acase, it will be unnecessary
fi) calculate the turns ratio %Olen the recommended tube combination is used. Many
transformers are provided with primary and
secondary taps, so that various turns ratios
can be obtained to meet the requirements of
various tube combinations.
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Fig. 9-23 — Transformer ratios for matching aClass-C
modulating impedance to the required plate-to-plate
load for the Class-B modulator. The ratios given on the
curves are from total primary to secondary. Resistance
values are in kilohms.
It may be that the exact turns ratio required
by a particular tube combination cannot be secured, even with a tapped modulation transformer. Small departures from the proper turns
ratio will have no serious effect if the modulator
is operating well within its capabilities; if the
actual turns ratio is within 10 per cent of the
ideal value the system will operate satisfactorily.
Where the discrepancy is larger, it is always possible to choose a new set of operating conditions
for the Class C stage to give a modulating impedance that can be matched by the turns ratio
of the available transformer. This may require
operating the Class C amplifier at higher voltage
and less plate current, if the modulating• impedance must be increased, or at lower voltage and
higher current if the modulating impedance must
be decreased. However, this process cannot be
carried too far without exceeding the ratings of
the Class C tubes for either plate voltage or current, even though the power input is kept at the
same figure. In such acase the only solution is to
operate at reduced input and use less of the power
available from the modulator.
Suppressing Audio Harmonics
Distortion in either the driver or Class B modulator will cause a.f. harmonics that may lie outside the frequency band needed for intelligible
speech transmission. While it is almost impossible
to avoid some distortion, it is possible to cut
down the amplitude of the higher-frequency
harmonics.
The purpose of condensers C1and C2 across the
primary and secondary, re3pectively, of the Class
B output transformer in Fig. 9-22 is to reduce the
strength of harmonics and unnecessary highfrequency components existing in the modulation.
The condensers act with the leakage inductance
of the transformer winding to form arudimentary

low-pass filter. The values of capacitance required
will depend on the load resistance ( modulating
impedance of the Class C amplifier) and the
leakage inductance of the particular transformer
used. In general, capacitances between about
0.001 and 0.01 dd. will he required; the larger
values are necessary with the lower values of load
resistance. A test set-up for measuring frequency
response (described in alater section in this chapter) will quickly show the optimum values to use,
if asmall assortment of condensers is on hand for
experimenting. The object is to find the combination of C1 and C2 that will give the most rapid
reduction in response as the signal frequency is
raised above about 2500 cycles.
The voltage rating of each condenser should
at least be equal to the d.c. voltage at the transformer winding with which it is associated. In
the case of C2, part of the total capacitance required usually is supplied by the plate by-pass or
blocking condenser of the modulated amplifier,
so C2 need only be large enough to make up the
difference.
A still better arrangement is to use a low-pass
filter as shown in Fig. 9-9, even though clipping
is not deliberately employed. The method described above may be used for checking the
performance of the filter.
Grid Bias
Many modern transmitting tubes designed for
Class B audio work can be operated without grid
bias. Besides eliminating the need for agrid- bias
supply, this reduces the variation in grid impedance over the audio- frequency cycle and thus
gives the driver amore constant load into which
to work. With these tubes, the grid return lead
from the center-tap of the driver transformer
secondary is simply connected to the filament
center-tap or cathode.
When the tubes require bias, it should always
be supplied from afixed voltage source. Neither
cathode bias nor grid-leak bias can be used with
a Class B amplifier; with both types the bias
changes with the amplitude of the signal voltage,
whereas proper operation demands that the bias
voltage be unvarying no matter what the strength
of the signal. When only asmall amount of bias is
required it can be obtained conveniently from a
few dry cells. When greater values of bias are required, a heavy-duty " B" battery may be used
if the grid current does not exceed 40 or 50 milliamperes on voice peaks. Even though the batteries are charged by the grid current rather than
discharged, a battery will deteriorate with time
and its internal resistance will increase. When the
increase in internal resistance becomes appreciable, the battery tends to act like a grid-leak
resistor and the bias varies with the applied signal. Batteries should be checked with avoltmeter
occasionally while the amplifier is operating. If
the bias varies more than 10 per cent or so with
viiice excitation the battery should be replaced.
As an alternative to batteries, aregulated bias
supply may be used. This type of supply is described in the power supply chapter.
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Plate Supply
The plate supply for a Class B modulator
should be sufficiently well filtered to prevent hum
modulation of the r.f. stage. An additional requirement is that the output condenser of the
supply should have low reactance, at 100 cycles
or less, compared with the load into which each
tube is working. A 4-pfd. output condenser with
a 1000- volt supply, or a 2-mfd. condenser with a
2000- volt supply, usually will be satisfactory.
With other plate voltages, condenser values
should be in inverse proportion to the plate
voltage.
To keep distortion at a minimum, the voltage
regulation of the plate supply should be as good
as it can be made. If the d.c. output voltage of
the supply varies with the amount of current
taken, it should be kept in mind that the voltage
at nat.rimum current determines the amount of
power that can be taken from the modulator
without distortion. A supply whose voltage drops
from 1500 at no load to 1250 at the full modulator
plate current is a 1250-volt supply, so far as the
modulator is concerned, and any estimate of the
power output available should be based on the
lower figure.
It is particularly important, in the case of a
tetrode Class B stage, that the screen-voltage
power-supply source have excellent regulation, to
prevent distortion. The screen voltage should be
set as exactly as possible to the recommended
value for the tube. The audio impedance between
screen and cathode also must be low.
Oyerexcitation
When a Class B amplifier is overdriven in an
attempt to secure more than the rated power,
distortion increases rapidly. The high- frequency
harmonics which result from the distortion modulate the transmitter, producing spurious sidebands which can cause serious interference over a

Fig. 9-24 — A typical chassis layout

for aClass II modulator. Beyond adequate insulation for the voltages
used, and sufficient ventilation for
the moglulator tubes, no particular
constructional precautions are necessary. If the size of the components
makes it necessary to use more than
one chassis, the driver transformer
mav he included with the speech
amplifier. In such case it is advisable
to shield the " hoe" audio leads to the
modulator grids if they have to run
any considerable distance.

•
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band of frequencies several times the channel
width required for speech. This will happen, even
though the transmitter is not being overmodulated, if the modulator is incapable of delivering
the power required to modulate the transmitter
fully, or if the Class C amplifier is not adjusted
to give the proper modulating impedance.
As stated earlier, such a condition may be
reached by deliberate design, in ease the modulator is to be adjusted for peak clipping. But
whether it happens by accident or intention, the
splatter and spurious sidebands can be eliminated by inserting alow-pass filter ( Fig. 9-9) between the modulator and the modulated amplifier, and then taking care to see that the actual
modulation of the r.f. amplifier does not exceed
100 per cent.
Operation Without Load
Excitation should never be applied to aClass B
modulator until after the Class C amplifier is
turned on and is drawing the value of plate current required to present the rated load to the
modulator. With no load to absorb the power, the
primary impedance of the transformer rises to a
high value and excessive audio voltages are developed across it — frequently high enough to
break down the transformer insulation. If the
modulator is to be tested separately from the
transmitter, aresistance of the same value as the
modulating impedance, and capable of dissipating
the full power output of the modulator, should be
connected across the transformer secondary.

•

DRIVERS FOR CLASS- B
MODULATORS

Class B amplifiers are driven into the gridcurrent region, so power is consumed in the grid
circuit. The preceding stage or driver must be
capable of supplying this power at the required
peak audio-frequency grid-to-grid voltage. Both
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of these quantities are given in the manufacturer's tube ratings. The grids of the Class B
tubes represent avariable load resist : wee over the
audio- frequency cycle, because the grid current
does not increase directly wit h the grid voltage.
To prevent distortion, therefore, it is necessary to
have a driving source that will maintain the
waveform of the signal without distortion even
though the load varies. That is, the driver stage
must have good regulation. To this end, it should
be capable of delivering somewhat more power
than is consumed by the Class B grids, as previously described in the discussion on speech
amplifiers. It is also desiraltle to use an input
coupling transformer having a turns ratio giving
the largest step-down in the voltage between the
driver plate or plates and the Class B grids that
will permit obtaining the specified grid- to-grid
a.f. voltage.
The driver transformer, T or
in Fig. 9-25,
may couple directly between the driver tube and
the modulator grids or may be designed to work
into a low-impedance ( 200- or 500-ohm) line. In
the latter case, atube- to- line output transformer
must be used at the output of the driver stage.
This type of coupling is recommeic led only when
the driver must be at a con
el
distance

from the modulator; the second transformer not
only introduces additional losses but also impairs
the voltage regulation of the driver stage.
Driver Tubes

The variation in grid resistance of a Class
amplifier over the audio-frequency cycle poses a
special problem in the driver stage. To avoid distortion, the driver output voltage (
not power)
must stay constant ( for a fixed signal voltage
on its grid) regardless of the variations in load
resistance.
The fundamental requirement for good voltage
regulation in any electrical generator is that the
internal resistance must be low. In a vacuumtube amplifier, this means that the tubes must
have a low value of plate resistance. The best
tubes in this respect are low-es triodes — the
6BIG is an example — and the worst are tetrodes
and pentodes as represented by the 6V6 and
61,6. This does not mean that tetrodes or pentodes cannot be used, but it does mean that they
should not be used without taking measures to
reduce the effective plate resistance (see next
section).
In selecting adriver stage always choose Class
A or AB' operation in preference to Class A0 2.
This not only simplifies 11a. speechamplifier design but also makes it
easier to apply negative feed-back
to tetrodes for reduction of plate
resistance. It is possible to obtain
a tube power output of approximately 25 watts from 61,68 without
going beyond Class AB' operation;
this is ample driving power for the
popular Class B modulator tubes,
even when a kilowatt transmitter
is to be modulated.
The rated tube output as shown
by the tube tables should be re+13
duced by about 20 per cent to
(A)
allow for losses in the Class B input
transformer. If two transformers
are us 'il, tube-to- line and line- togrids, ill IV about 35 per cent for
transformer losses. Another 25 per
cent should be a11 we I, if possilile,
as a safety factor and to improve
the voltage regulation.
Fig. 9-25 shows representative
Bi as
circuits for apush-pull triode driver
using cathode bias. If the amplifier
operates Class A, the cathode resistor need not be by-passed, be+13
cause the a.f. currents from each
tube flowing in the cathode resistor
are out of phase and cancel each
other. However. in Class AB operaFig. 9-25 — Triode driver circuits for Class 13
hilators. A, resistance
coupling to grids; B, transformer coupling. RIin A is the plate resistor
tion this is not true; considerable
for the preceding stage, value determined by the type of tube and operatdistortion will be generated at high
ing conditions as given in Table 9-1. CIand R2 are the coupling condenser
signal levels if the cathode resistor
and grid resistor, respectively; values also may be taken from Table 9-1.
is not by-passed. The by-pass capacIn both circuits the output transformer, T., Tx, should have the proper
turns ratio to couple between the driver tubes and the Class B grids.
itance required can be calculated
Ti in Bis usually a2:1 transformer, secondary to primary. R, the cathode
by a simple rule: the cathode
resistor, should he calculated for the particular tubes used. The value of
resistance in ohms multiplied by
C, the cathode by-pass, is determined as described in the text.

T,

(B)
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comparable with or lower than that of
low-a triodes such as the 2A3 or 6B4G.
Suitable circuits for single-ended and
push-pull tetrodes are shown in Fig.
9-26. Fig. 9-26A shows resistance coupling between the preceding stage and
a single tetrode, such as the 6V6, that
operates at the same plate voltage as
the preceding stage. Part of the a.f.
+13
voltage across the primary of the output transformer is fed back to the grid
of the tetrode, Va, through the plate
resistor of the preceding tube, VI.The
total resistance of R4 and Ra in series
should be ten or more times the rated
load resistance of Va. Instead of the
voltage divider, atap on the transformer
primary can be used to supply the feedback voltage, if such a tap is available.
The amount of feed-back voltage
that appears at the grid of tube Va is
determined by R1, Ra and the plate
resistance of l, as well as by the relationship bet‘veen R4 and R5. Circuit
+5
values for a typical tube combination
+5
are given in detail in Fig. 9-26.
Fig. 9-26 — Negative feed-back circuits for drivers for Class B
modulators. A — Single-ended heam-tetrode driver. If VI and 1i
The push-pull circuit in Fig. 9-26B
are a615 and OVi,. respectively, the folios, big values are suggested:
requires an audio transformer with a
47,000 ohm.: #2, 0.47 megohm;
27,0 01111IS; 84, ffr„ 22,000
split secondary. The feed-back voltage
ohms; CI, 0.01 m bl.; C2, 50 aftl.
It — Push-pull beam-tetrode driver. III iis a615 and 1'2 and 13 is obtained from the plate of each outol,hs, the following values are suggested: R I, 0.1 megolim; B2,
put tube by means of the voltage di22,000 ohms; Rs, 250 ohms; CI, 0.1 afd.; C2, 100 mfd.
vider, 111,112. The blocking condenser,
C1, prevents the d.e. plate voltage from
the by-pass capacitance in microfarads should
being applied to 111112; the reactance of this conequal at least 25,000. The voltage rating of the
denser should be low, compared with the sum of
condenser should be equal to the maximum bias
RI and Ra, at the lowest audio frequency to be
voltage. This can be found from the maximum- amplified. Also, the sum of RI and 112 should be
signal plate current and the cathode resistance.
high ( ten times or more) compared with the rated
load resistance for Va and Va.
Example: A pair of 6134Gs is to be used in
Class ASI self-biased. From the tube tables, the
In this circuit the feed-back voltage that is
cathode resistance should be 780 ohms and the
developed across R2 appears at the grid of V2
maximunr-signal plate current 120 ma. From
(or Vs)through the transformer secondary and
Ohm's Law,

(A)

(B)

E = RI = 780 X 0.12 = 93.6 volts
From the rule mentioned previously, the by-pass
capacitance required is
C = 25,000/R = 2:3,000/780 = 3251d.
A 40- or 50-pfd. 100-volt electrolytic condenser
would be satisfactory.

3.
A
RP 6L6 s
NO FEED-BACK

Negative Feed- Back
Whenever tetrodes or pentodes are
used as drivers for Class B modulators,
negative feed-back should be used in
6V6 WITH FEED-BACK
PR
the driver stage. This will reduce the
distortion caused by the variable load
E
resistance represented by the Class
F
grids. It also reduces the distortion
10% FEED-BACK
inherent in the driver stage itself, when
F
PP 6L6s{20%FE ED - BACK
E
30% FEED- BACK
properly applied. The effect of feed-back
B
Cis to reduce the apparent plate resistance
D
A
_
of the driver, and this in turn helps to
maintain the a.f. output voltage at a
0.3
04 as
more constant level ( for a constant
07
1.0
LS
2.0
3.0
40 5,0
70
10
RATIO Of ACTUAL LOAD TO RATED LOAD
signal on the grid) when the load
resistance varies. It is readily possible Fig. 9-27 — Output voltage regulation of two types of beam-tetrode
drivers with negative feed-back. For comparison, the regulation
to reduce the plate resistance to avalue with a pair of 2A3s (no feed-back) also is shown.
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}Output

Fig. 9-28 — Circuit diagram of speech amplifier using 61.6s with negative
feed-back, suitable for driving Class 11 modulators up to 500 watts output.
CI, Cs, Cs
20-iifd. 25-volt electrolytic.
CS, Co, C19
0.1-mfd. 400-volt paper.
CS,Ce — 0.01-mfd. 600-volt paper.
C4. C7, CIS — 10-mfd. 450- volt electrolytic.
Cil — 100- 1.fd. 50-volt electrolytic.
RI— 2.2 mcgohms,
matt.
RS, R7 — 1500 ohms, A
I watt.
Rs — 1.5 megohms,
watt.
R4 — 0.22 megohm, 3,j watt.
RS, Rs — 47,000 ohms,
watt.
Re — 1-megohm volume control.

R9 — 0.47 megohm, 3/2 watt.
Rio — 1500 ohms, 1watt.
Hui — 10,000 ohms, 1
A watt.
R12, Ris — 0.1 megohm, 1watt.
R14 ,Ru S— 22,000 ohms, !
A watt.
Bic — 250 ohms, 10 watts.
R17 — 2000 ohms, 10 mans.
— Interstage audio, 2:1 secondary (total) to primary, with split secondary winding.
T2 — Class B input transformer to suit modulator
tubes.

grid-cathode circuit of the tube, provided the
tubes are not driven to grid current. If the gridcathode impedance of the tubes is relatively low,
as it is when grid current flows, the feed-back
voltage decreases because of the voltage drop
through the transformer secondary. The circuit
should not be used with tubes that are operated
Class AB2. The per cent feed-back is

number of turns to give the desired feed-back
percentage. Special transformers are available for
this purpose.
The improvement in constancy of output voltage resulting from the use of negative feed-back
is shown graphically in Fig. 9-27. In order to
compare the various types of tubes, the variation
in output voltage is shown as apercentage of the
output voltage when the tubes are working into
the rated load. The load resistance also is expressed as a percentage of the rated load resistance for the particular tube, or pair of tubes,
used.

n —

R2
RI ±

R2

X 100

where n is the feed-back percentage, and R1 and
R2 are connected as shown in the diagram. The
higher the feed-back percentage, the lower the
effective plate resistance. However, if the percentage is made too high the preceding tube, VI,
may not be able to develop enough voltage,
through 7' 1,to drive the push-pull stage to maximum output without itself generating harmonic
distortion. Distortion in V1 is not compensated
for by the feed-back circuit.
If V2 and V3 are 6L6s operated self-biased in
Class AB' with a load resistance of 9000 ohms,
V1 is a 6J5, and T1 has a turns ratio of 2-to- 1,
total secondary to primary, it is possible to use
over 30 per cent feed-back without going beyond
the output-voltage capabilities of the 6J5. Twenty
per cent feed-back will reduce the effective plate
resistance to the point where the output voltage
regulation is better than that of 6B4Gs or 2A3s
without feed-back.
Instead of the voltage-divider arrangement
shown in Fig. 9-25B for obtaining feed-back
voltage, aseparate winding on the output transformer can be used, provided it has the proper

•SPEECH-AMPLIFIER CIRCUIT WITH
NEGATIVE FEED-BACK

A circuit for a speech amplifier suitable for
driving aClass B modulator is given in Fig. 9-28.
In this amplifier the 6L6s are operated Class
AB' and will deliver up to 20 watts to the grids
of the Class B amplifier. The feed-back circuit requires no adjustment, but does require an interstage transformer with two separate secondary
windings (split secondary).
This amplifier may be constructed along the
same lines as in Fig. 9-13, observing the same
precautions with respect to shielding the 68.17
grid circuit. The power output is the same as
from the circuit of Fig. 9-16.
The output transformer, T2, should be selected
to work between a 9000-ohm plate- to- plate load
and the grids of whatever Class B tubes will be
used. The power-supply requirements for this
amplifier are essentially the same as for the amplifier of Fig. 9-16.
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Checking ' Phone- Transmitter Operation
EQUIPMENT

output, substitute the microphone for the audio
oscillator and speak into it in anormal tone while
Every ' phone transmitter requires checking
watching the voltmeter. Reduce the gain-control
before it is initially put on the air. An adequate
setting until the meter " kicks" nearly up to the
job can be done with equipment that is neither
full-power reading on voice peaks. Note the hum
elaborate nor expensive. A simple set-up is shown
level, as read on the voltmeter, at this point; the
in Fig. 9-29. The only equipment that is not
hum level should not exceed one or two per cent
likely to be already at hand is the audio oscilof the voltage at full output.
lator, the construction of which is described in
If the hum level is too high, the amplifier stage
the chapter on measurements. The voltmeter —
that is causing the trouble can be located by
one that operates at audio frequencies is necestemporarily short-circuiting the grid of each tube,
sary — can be either avacuum-tube voltmeter or
in turn, to ground. When shorting a particular
a multirange volt-ohm-milliammeter that has a grid makes a marked decrease in hum, the hum
rectifier-type a.c. range. The headset is included
presumably is coming from a preceding stage,
for aural checking of the amplifier performance.
although it is possible that it is getting its start
The audio oscillator usually will have an out,
in that particular grid circuit. If shorting a grid
put control, but if the maximum output voltage
does not decrease the hum, the hum is originating
is in excess of avolt or so the output setting may
either in the plate circuit of that tube or the grid
be rather critical when ahigh-gain speech amplicircuit of the next. Aside from wiring errors, a
fier is being tested. In such cases an attenuator
defective tube, or inadequate plate-supply filtersuch as is shown in Fig. 9-29 is a convenience.
ing, objectionable hum usually originates in the
Each of the two voltage dividers reduces the
first stage of the amplifier.
voltage by afactor of roughly 10 to 1, so that the
If distortion occurs below the point at which
over-all attenuation is about 100 to 1. The relathe expected power output is secured, the stage
tively low value of resistance, R4, across the input
in which it is occurring can be located by working
terminals of the amplifier also will minimize stray
from the last stage toward the front end of the
hum pick-up on the connecting leads.
amplifier, applying a signal to each grid in turn
from the audio oscillator and adjusting the
Al ILNUAIOR
signal voltage for maximum output. In the
case of push-pull stages, the signal may be
applied to the primary of the interstage
transformer — after disconnecting it from
the plate-voltage source. Assuming that
normal design principles have been followed and that all stages are theoretically
working within their capabilities, the probFig. 9-29 — Simple test set-up for checking aspeech amplifier.
able causes of distortion are wiring errors
The audio-oscillator frequency range should be from about 100
(such as accidental short-circuit of a cathto 5000 or more cycles. It is not necessary that it be continuously variable: anumber of "spot" frequencies will be satisfac- ode resistor), defective components, or use
tory. Suitable resistor values are: R: and R3, 10,000 ohms; R2 of wrong values of resistance in cathode
and R4, 1000 ohms; Rs, rated load resistance for amplifier and plate circuits.
output stage; Rs, determine by trial for comfortable headphone
level (25 to 100 ohms, ordinarily). V is ahigh-resistance a.c.
Using the Oscilloscope
voltmeter, multirange rectifier type.
Speech-amplifier checking is facilitated
As a preliminary check, cover the microphone
considerably if an oscilloscope of the type having
input terminals with a metal shield ( with the
amplifiers and a linear sweep circuit is available.
audio oscillator and attenuator disconnected)
A typical set-up for using the oscilloscope is shown
and, while listening in the headset, note the hum
in Fig. 9-30. With the connections shown, the
level with the amplifier gain control in the off
sweep circuit is not required but horizontal and
position. The hum should be very low under
vertical amplifiers are necessary. Audio voltage
these conditions. Then increase the gain-control
from the oscillator is fed directly to one oscillosetting to maximum and observe the hum; it will
scope amplifier ( horizontal in this case) and the
no doubt increase. Next connect the audio osciloutput of the speech amplifier is connected to the
lator and attenuator and, starting from minimum
other. The 'scope amplifier gains should be adsignal, increase the audio input voltage until the
justed so that each signal gives the same line
voltmeter indicates full power output. (The voltlength with the other signal shut off.
age should equal '
PR, where P is the expected
Under these conditions, when the input and
power output in watts and R is the load resistance
output signals are applied simultaneously they
— R6 in the diagram.) While increasing the input,
are compared directly. If the speech amplifier is
listen carefully to the tone to see if there is any
distortion-free and introduces no phase shift, the
change in its character. When it begins to sound
resulting pattern is simply a straight line, as
like a musical octave instead of a single tone,
shown at the upper left in Fig. 9-31, making an
distortion is beginning. Assuming that the output
angle of about 45 degrees with the horizontal and
is substantially without audible distortion at full
vertical axes. If there is no distortion but there
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is some phase shift, the pattern -will be asmooth
ellipse, as shown at the upper right. The greater
the phase shift the greater the tendency of the
ellipse to grow into acircle. When there is evenharmonic distortion in the amplifier one end of
the line or ellipse becomes curved, as shown in
the second row in Fig. 9-31. With odd-harmonic
distortion such as is characteristic of overdriven
push-pull stages, the line or ellipse is curved at
both ends.
Patterns such as these will be obtained when
the input signal is a fairly good sine wave. They
will tend to become complicated if the input
waveform is complex and the speech amplifier
introduces appreciable phase shifts. It is therefore advisable to test for distortion with an input
signal that is as nearly as possible a sine wave.
Also, it is best to use afrequency in the 500-1000
cycle range, since improper phase shift in the
amplifier is usually least in this region. Phase
shift in itself is not of great importance in an
audio amplifier of ordinary design because it does
not change the character of speech so far as the
ear is concerned. However, if acomplex signal is
used for testing phase shift may make it difficult
to detect distortion in the oscilloscope pattern.
In amplifiers having negative feed-back, excessive phase shift within the feed-back loop may
cause self-oscillation, since the signal fed back
may arrive at the grid in phase with the applied
signal voltage instead of out of phase with it.
Such aphase shift is most likely to be associated
with the output transformer. Oscillation usually
occurs at some frequency above 10,000 cycles,
although occasionally it will occur at a very low
frequency. If the pass-band in the stage in which
the phase shift occurs is deliberately restricted to
the optimum voice range, as described earlier, the
gain at both very high and very low frequencies
will be so low that self-oscillation is very unlikely, even with large amounts of feed-back.
Generally speaking, it is easier to detect small
amounts of distortion with the type of pattern
shown in Fig. 9-31 than it is with the waveform
pattern obtained by feeding the output signal to
the vertical plates and making use of the linear
sweep in the 'scope. This is because it is quite
easy to determine whether or not aline is straight,
but not so easy to decide whether a pattern displayed by the sweep circuits meets given specifications.
However, the waveform pattern can be used
satisfactorily if the signal froin the audio oscilla-

ov
AUDIO
OS C.

o

AT7EHU
A7OR

SPEECH
AMP

VI

OSCILLOSCOPE
o

o

Fig. 9-30 — Test set-up using the oscilloscope to check
for distortion. These connections will result in the type
of pattern shown in Fig. 9-31, the horizontal sweep being
provided by the audio input signal. For waveform patterns, omit the connection between the audio oscillator
and the horizontal amplifier in the 'scope, and use the
horizontal linear sweep.

NO PHASE- SHIFT

SMALL PHASE -SHIFT

NO
AMPLITUDE
DISTORTION

EVENHARMONIC
DISTORTION

ODDHARMONIC
DISTORTION

Fig. 9-31 — Typical patterns obtained with the connections shown in Fig. 9-30. Depending on the number of
stages in the amplifier, the pattern may slope upward
to the right, as shown, or upward to the left. Also, depending on where the distortion originates, the curva•
ture in the second row may appear either at the top or
bottom of the line or ellipse.

tor is a reasonably good sine wave. One simple
method is to examine the output of the oscillator
alone and trace the pattern on a sheet of transparent paper. The pattern given by the output
of the dmplifier can then be compared with the
"standard" pattern by adjusting the oscilloscope
gain to make the two patterns coincide as closely
as possible. The pattern discrepancies are ameasure of the distortion.
In using the oscilloscope care must be taken to
avoid introducing hum voltages that will upset
the measurements. Hum pick-up on the ' scope
leads or other exposed parts such as the amplifier
load resistor or the voltmeter can be detected by
shutting off the audio oscillator and speech amplifier and connecting first one and then the other
to the vertical plates of the 'scope, setting the
internal horizontal sweep to an appropriate
width. The trace should be a straight horizontal
line when the vertical gain control is set at the
position used in the actual measurements. Waviness in the line indicates hum. If the hum is not
in the 'scope itself (check by disconnecting the
leads at the instrument) make sure that there is
a good ground connection on all the equipment
and, if necessary, shield the hot leads.
The oscilloscope can be used to good advantage
in stage-by-stage testing to check waveforms at
the grid and plate of each stage and thus to determine rapidly where asource of trouble may be
located. When the 'scope is connected to circuits
that are not at ground potential for d.c., a con-
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denser of about 0.1 pfd. should be connected in
series with the hot oscilloscope lead. The probe
lead should be shielded so that it will not pick up
hum.
•

CLASS B MODULATORS

Once the speech amplifier is in satisfactory
working condition, the Class B modulator can be
checked by similar means. A simple circuit is
shown in Fig. 9-32. The resistance of R1 should
be equal to the modulating impedance of the
Class C amplifier to be modulated, and the resistor should have a power rating equal to the
rated power output of the modulator. Calculate
the voltage to be expected across R1 at full output; if it exceeds the range of the meter the meter
may be connected across say half or one-fourth of
R1 and the readings multiplied by 2or 4, respectively. Only a few ohms will be needed at R2, in
the average case, to give a good signal in the
headphones. As a safety precaution, ground the
output terminal to which the headphones are
connected and use aresistor at R2 that has ample
current-carrying capacity.
hum will seldom be a problem in the modulator. Distortion may be checked as described
previously; the oscilloscope is excellent for this
purpose. If a variable-frequency audio oscillator
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is used, acheck on the frequency response of the
over-all system can be obtained by varying the
oscillator frequency (check its output voltage at
each frequency change) and observing the variation in the modulator output voltage. The highfrequency response of the system can be att,enuated by trying condensers of various values
across the primary and secondary of the output
transformer, as pointed out in the discussion on
From
_Speech
Amp.
To
Oscilloscope

Fig. 9-32 — Set-up for checking a Class B modulator.

Class B modulators. The object is to reduce the
response above 3000 cycles to alow value as compared with the response in the 200- to 2500-cycle
region, so that the channel occupied by the transmitter will not be excessive. A simple method of
adjustment is to apply an audio tone of about
1500 cycles and increase its amplitude until distortion becomes noticeable; when this occurs the
tone is no longer pure but sounds like a musical
octave. The condenser values should then be
adjusted until the test tone sounds pure again at
the same signal amplitude.

CHAPTER 10

Amplitude Modulation
The type of modulation most commonly employed in amateur radiotelephony is called amplitude modulation (AM). The name arises from
the fact that the methods of generating amodulated wave of a particular type all accomplish
the desired result by varying the instantaneous
amplitude of the r.f. output of the transmitter.
As described in the chapter on circuit fundamentals, the process of modulating asignal sets
up groups of frequencies called sidebands, these
sidebands appearing both above and below the
frequency of the unmodulated signal or carrier.
An amplitude-modulated signal actually consists of acarrier which does not vary in amplitude
plus sets of side frequencies or sidebands which
in turn may or may not vary in amplitude.
Modulation by a single-frequency, constantamplitude tone, for example, sets up side frequencies that do not vary in amplitude. Modulation by voice sets up bands of side frequencies
that do vary with the amplitude of the speech.
Amplitude modulation is frequently described
as a process of " varying the amplitude of the
carrier". A variation in amplitude does take
place, when the composite signal as a whole is
viewed in a circuit that accepts equally well all
frequencies, carrier and sidebands, contained in
the signal. The total r.f. output amplitude varies
at the modulation-frequency rate because it is
the resultant of the instantaneous amplitudes of
the carrier and all side frequencies, which continually vary (at radio frequency) in both amplitude and phase relationships. Misunderstanding
often occurs because commonly no distinction is
made between the carrier, which does not vary
in amplitude at modulation frequency, and the
signal as a whole, which does vary in amplitude
with modulation. In this chapter the term
"signal" is used for the composite effect of
carrier plus sidebands.
It is illuminating to consider amplitude modulation as a process of frequency conversion or
mixing, in which case the relationship between
the carrier, modulating frequencies, and sidebands is straightforward (see chapter on fundamentals). The amplitude variations in the signal
arise as a result of the mixing process. These
amplitude variations are highly important from
a design standpoint, since they set up certain
power requirements that must be met, so they
are considered in detail in this chapter.
AM Sidebands and Channel Width
As described in the chapter on fundamentals,
combining or mixing two frequencies in an appropriate circuit gives rise to sum and difference
frequencies. Speech can be electrically reproduced, with high intelligibility, in a band of fre-

quencies lying between approximately 100 and
3000 cycles. When these frequencies are combined
with a radio- frequency carrier, the sidebands
occupy the frequency spectrum from about 3000
cycles below the carrier frequency to 3000 cycles
above — a total band or " channel" of about
6 kilocycles. Actual speech frequencies extend
up to 10,000 cycles or so, so it is possible to occupy a20-kc. channel if no provision is made for
reducing its width. For communication purposes
such a channel width represents a waste of valuable spectrum space, since a 6-kc. channel is
fully adequate for intelligibility. Occupying more
than the minimum channel creates unnecessary
interference, so speech equipment and transmitter
adjustment and operation should be pointed
toward maintaining the channel width at the
minimum.

•THE

MODULATED SIGNAL

In Fig. 10-1, the drawing at A shows the unmodulated r.f. signal, assumed to be asine wave
of the desired radio frequency. The graph can be
taken to represent either voltage or current.
In B, the signal is assumed to be modulated by
the audio-frequency shown in the small drawing
above. This frequency is much lower than the
carrier frequency, anecessary condition for good
modulation, and always the case in radiotelephony because the audio frequencies used are
very low compared with the radio frequency of
the carrier. When the modulating voltage is
"positive" (above its axis) the signal amplitude
is increased above its unmodulated amplitude;
when the modulating voltage is " negative" the
signal amplitude is decreased. Thus the signal
grows larger and smaller with the polarity and
amplitude of the modulating voltage.
The drawings at C shows what happens with
stronger modulation. The amplitude is doubled
at the instant the modulating voltage reaches its
positive peak. On the negative peak of the modulating voltage the amplitude just reaches zero;
in other words, the signal is completely modulated.
Percentage of Modulation
When a modulated signal is detected in a receiver, the detector eliminates the carrier and
takes from it the modulation. The stronger the
modulation, therefore, the greater is the useful
receiver output. Obviously, it is desirable to make
the modulation as strong or " heavy" as possible.
A wave modulated as in Fig. 10-1C would produce considerably more useful audio output than
the one shown at B.
The " depth" of the modulation is expressed
266
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as a percentage of the unmodulated carrier amplitude. In either B or C, Fig. 10-1, X represents
the unmodulated carrier amplitude, Y is the
maximum amplitude on the modulation up-peak,
and Z is the minimum amplitude on the modulation downpeak.
The outline of the modulated wave is called
the modulation envelope. It is shown by the
thin line outlining the patterns in Fig. 10-1. In
a properly-operating modulation system either
side of this outline san accurate reproduction
-r
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Fig. 10-1 — Graphical representation of (A) r.f. output
unmodulated, ( B) modulated 50%, (C) modulated
100%.
of the modulating wave, as can be seen in Fig.
10-1 at B and C by comparing the upper outline
of the modulation envelope with the waveshape
of the modulating wave. The lower outline duplicates the upper, but simply appears upside
down in the drawing.
The percentage of modulation is
%Mod. =

Y — X
X
X 100 (
upward modulation), or

% Mod. = X — Z X 100 (
downward modulation)
X
If the waveshape of the modulation is such that
its peak positive and negative amplitudes are
equal, then the modulation percentage will be
the same both up and down. If the two percentages differ, the larger of the two is customarily
specified.
Power in Modulated Wave
The amplitude values shown in Fig. 10-1 correspond to current or voltage, so the drawings
may be taken to represent instantaneous values
of either. Now power varies as the square of
either the current or voltage, so at the peak of
the modulation up-swing the instantaneous
power in the signal of Fig. 10-1C is four times the
unmodulated carrier power (because the current
and voltage both are doubled). At the peak of

the down-swing the power is zero, since the
amplitude is zero. These statements are true of
100 per cent modulation no matter what the
waveform of the modulation. 'I'he instantaneous
power in the modulated signal is proportional to
the square of its amplitude at every instant. This
fact is highly important in the operation of every
method of amplitude modulation.
It is convenient, and customary, to describe
the operation of modulation systems in terms of
sine-wave modulation. Although this waveshape
is seldom actually used in practice (voice waveshapes depart very considerably from the sine
form) it lends itself to simple calculations and
its use as astandard permits comparison between
systems on a common basis. With sine-wave
modulation the power in the modulated signal
averaged over any number of full cycles of the
modulation frequency is found to be M times
the power in the unmodulated carrier. In other
words, the power output increases 50 per cent
with 100-per-cent modulation by a sine wave.
This relationship is very useful in the design of
modulation systems and modulators, since any
such system that is capable of increasing the
average power output by 50 per cent with sinewave modulation automatically fulfills the requirement that the instantaneous power at the
modulation up-peak be four times the carrier
power. No such simple relationship exists with
complex waveforms, consequently systems in
which the ablitional power is supplied from outside the modulated r.f. stage (e.g., plate modulation) usually are designed on a sine-wave basis
as a matter of convenience. Modulation systems
in which the additional power is secured from the
modulated r.f. amplifier (e.g., grid modulation)
usually are more conveniently designed on the
basis of peak power rather than average power.
The extra power that is contained in a modulated signal goes entirely into the sidebands, half
in the upper sideband and half in the lower. As a
numerical example, full modulation of a 100watt carrier by a sine wave will add 50 watts of
sideband power, 25 in the lower and 25 in the
upper sideband. Supplying this additional power
for the sidebands is the object of all of the various
systems devised for amplitude modulation.
Complex waveforms such as speech do not, as
a rule, contain as much average power as a sine
wave. Ordinary speech waveforms have about
half as much average power as a sine wave, for
the same peak amplitude in both waveforms.
Since it is the peak amplitude, not the average
power, that determines the percentage of modulation, the sideband power with ordinary speech
averages only about half the power with sinewave modulation, for the same modulation percentage in both cases.
Unsymmetrical Modulation
In an ordinary electric circuit it is possible to
increase the amplitude of current flow indefinitely, up to the limit of the power-handling
capability of the components, but it cannot very
well be decreased to less than zero. The same
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Fig. 10 2— Modulation by an unsymmetrical waveform. This drawing shows 100% downward modulation along with 300% upward modulation. There is no
distortion, since the modulation envelope is an accurate
reproduction of the waveform of the modulating
voltage.
thing is true of the amplitude of an r.f. signal; it
can be modulated upward to any desired extent,
but it cannot be modulated downward more than
100 per cent.
When the modulating waveform is unsymmetrical it is possible for the upward and downward modulation percentages to be different. A
simple case is shown in Fig. 10-2. The positive
peak of the modulating signal is about 3 times
the amplitude of the negative peak. If, as shown
in the drawing, the modulating amplitude is adjusted so that the peak downward modulation
is just 100 per cent (
Z = 0) the peak upward
modulation is 300 per cent ( Y = 4X). The carrier amplitude is represented by X, as in Fig.
10-1. The modulation envelope reproduces the
waveform of the modulating signal accurately,
hence there is no distortion. In such amodulated
signal the increase in power output with modulation is considerably greater than when the
modulation is symmetrical and has to be limited
to 100 percent both up and down. However, the
peak amplitude, Y, is four times the carrier amplitude, X, so the peak power is 16 times the
carrier power. When the upward modulation is
more than 100 per cent the peak power capacity
of the modulating system obviously must be increased sufficiently to take care of the much
larger peak amplitudes.
Overmodulation
If the amplitude of the modulation on the
downward swing becomes too great, there will
be a period of time during which the output is
entirely cut off. This is shown in Fig. 10-3. The
shape of the downward half of the modulating
wave is no longer accurately reproduced by the
modulation envelope, consequently the modulation is distorted. Operation of this type is called
overmodulation. The distortion of the modulation envelope causes new frequencies to be generated (harmonics of the modulating frequency,
which combine with the carrier to form new

sidebands correspondingly spaced from the carrier frequency) that widen the channel occupied
by the modulated signal. These spurious frequencies are commonly called "splatter".
It is important to realize that the channel
occupied by an amplitude-modulated signal is
dependent on the waveshape of the modulation
envelope. If this waveshape is complex and can
be resolved into wide band of audio frequencies,
then the channel occupied will be correspondingly
large. The modulation-envelope waveshape shown
in Fig. 10-3 will contain a large number of harmonics of the original sine-wave frequency of
the modulating wave because of the sharp corners in the waveshape when it is " clipped" at
the zero axis. However, if the original modulating wave had had exactly this same shape the
channel occupied by the modulated signal would
be exactly the same. Basically, it is not the fact
that the signal cannot be modulated more than
100 per cent downward that causes splatter, but
the fact that any distorted waveshape contains
higher frequencies than were present in the
original undistorted wave. A wave that is efficiently clipped, as is the case with the waveshape
shown in Fig. 10-3, will contain a wider range of
spurious frequencies than one in which there are
no highly abrupt changes in amplitude.

Fig. 10-3 — An o%ermudulated signal. The modulation
envelope is not an accurate reproduction of the waveform of the modulating voltage. This or any type of
distortion occurring during the modulation process
generates spurious sidebands or "splatter".

Because of this clipping action at zero amplitude, it is important that care be taken to prevent applying too large a modulating signal in
the downward direction. Overmodulation results
in more splatter than is caused by most other
types of distortion in a 'phone transmitter.

•

GENERAL REQUIREMENTS

For proper operation of an amplitude-modulated transmitter there are afew general requirements that must be met no matter what particular method of modulation may be used.
Failure to meet them is accompanied by undesirable effects, principally distortion of the modulation envelope that increases the channel width
as compared with that required by the legitimate
frequencies contained in the original modulating
wave.
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Frequency Stability
For satisfactory amplitude modulation, the
carrier frequency must be entirely unaffected by
modulation. If the application of modulation
causes achange in the carrier frequency, the frequency will wobble back and forth with the modulation. This causes distortion and widens the
channel taken by the signal. Thus unnecessary
interference is caused to other transmissions.
In practice, this undesirable frequency modulation is prevented by applying the modulation
to an r.f. amplifier stage that is isolated from
the frequency-controlling oscillator by a buffer
amplifier. Amplitude modulation applied directly to an oscillator always is accompanied by
frequency modulation. Under existing FCC regulations amplitude modulation of an oscillator is
permitted only on frequencies above 144 Mc.
Below that frequency the regulations require
that an amplitude-modulated transmitter be
completely free from frequency modulation.
Linearity
At least up to the limit of 100-per-cent upward
modulation, the amplitude of the r.f. output
should be directly proportional to the amplitude
of the modulating wave. Fig. 10-4 is a graph of
an ideal modulation characteristic, or curve
showing the relationship between r.f. output
amplitude and instantaneous modulation amplitude. The modulation swings the r.f. amplitude back and forth along the curve A, as the
modulating voltage alternately swings positive
and negative. Assuming that the negative peak
of the modulating wave is just sufficient to reduce the r.f. output to zero ( modulating voltage
equal to — 1in the drawing), the same modulating voltage peak in the positive direction (+ 1)
should cause the r.f. amplitude to reach twice

... /00.
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its unmodulated value. The ideal is a straight
line, as shown by curve A. Such a modulation
characteristic is perfectly linear.
A nonlinear characteristic is shown by curve
B. The r.f. amplitude does not reach twice the
unmodulated carrier amplitude when the modulating voltage reaches its positive peak. A modulation characteristic of this type gives a modulation envelope that is "flattened" on the uppeak; in other words, the modulation envelope
is not an exact reproduction of the modulating
wave. It is therefore distorted and harmonics
are generated, causing the transmitted signal to
occupy a wider channel than is necessary. A
nonlinear modulation characteristic can easily
result when a transmitter is not properly designed or is misadjusted.
The modulation capability of the transmitter
is the maximum percentage of modulation that
is possible without objectionable distortion from
nonlinearity. The maximum capability can never
exceed 100 per cent on the down-peak, but it is
possible for it to be higher on the up-peak. The
modulation capability should be as close to
100 per cent as possible, so that the most effective signal can be transmitted.
Plate Power Supply
The d.c. power supply for the plate or plates
of the modulated amplifier should be well filtered: if it is not, plate-supply ripple will modulate the carrier and cause annoying hum. The
ripple voltage should not be more than about 1
per cent of the d.c. output voltage.
In amplitude modulation the plate current
varies at an audio- frequency rate: in other words,
an alternating current is superimposed on the
de. plat ecurrent. The output filter condenser in
the plate supply must have low reactance, at the
lowest audio frequency in the modulation, if the
transmitter is te modulate equally well at all
audio frequencies. The condenser capacitance required depends on the ratio of d.c. plate current
to plate voltage in the modulated amplifier. The
requirements will be met satisfactorily if the capacitance of the output condenser is at least
equal to
C

=

25 —
I

E

where C

Capacitance of output condenser in
mfd.
/ = ac. plate current of modulated
:umplifier in milliamperes
E = Plate voltage of modulated amplifier

CARRIER AMPLITUDE

Example: A modulated amplifier operates at 1250 volts
and 275 ma. The capacitance of the output condenser in
the plate-supply filter should he at least

o
-1

««MODULATING SIGNAL

+1

Fig. 10.4 — The modulation characteristic shows the
relationship between the instantaneous amplitude of the
r.f. output and the instantaneous amplitude of the
modulating voltage. The ideal characteristic is astraight
line, as shown by curve A.

/
275
C = 25 — = 25 X
= 25 X 0.22 = 5.5 mfd.
E
1250

Modulation Systems
An amplitude- modulated signal can be generated by a variety of methods, the only presently-used ones being those in which a modulat-
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ing voltage is applied to one or more tube elements in an r.f. amplifier. The proper object of
all methods is to generate an r.f. signal having a
modulation envelope which reproduces the waveform of the modulating voltage with as little distortion as possible.
The methods described in this chapter are the
basic ones. There are many specialized variations,
usually involving some form of grid modulation

with the object of increasing the rather low plate
efficiency that is an inherent characteristic of
grid modulation. Such systems, when they actually achieve substantially distortionless modulation, are rather complicated circuitwise, are
difficult to adjust and are not well adapted to
rapid frequency change. They have so far had
little or no lasting application in amateur communication.

Amplitude Modulation Methods

•PLATE

Audio Power

MODULATION

The most popular syst emu of amplitude modulation is plate modulation. It is the simplest
to apply, gives the highest efficiency in the modulated amplifier, and is the easiest to adjust for
proper operation.
Fig. 10-5 shows the most widely-used system
of plate modulation, in this case with triode r.f.
tubes. A balanced (push-pull Class A, Class AB
or Class B) modulator is transformer-coupled to
the plate circuit of the modulated r.f. amplifier.
The audio-frequency power generated by the
modulator is combined with the d.c. power in the
modulated-amplifier plate circuit by transfer
through the coupling transformer, T. For 100per-cent modulation the audio- frequency output
of the modulator and the turns ratio of the coupling transformer must be such that the voltage
at the plate of the modulated amplifier varies
between zero and twice the d.c. operating plate
voltage, thus causing corresponding variations
in the amplitude of the r.f. output.

As stated earlier, the average power output
of the modulated stage must increase during
modulation. The modulator must be capable of
supplying to the modulated r.f. stage sine-wave
audio power equal to 50 per cent of the d.c. plate
input. For example, if the d.c. plate power input
to the r.f. stage is 100 watts, the sine-wave audio
power output of the modulator must be 50 watts.
Modulating Impedance; Linearity
The modulating impedance, or load resistance
presented to the modulator by the modulated
r.f. amplifier, is equal to
Eb
X

10°°

where Et, = D.c. plate voltage
1,, = D.c. plate current (ma.)
Et, and 1,, are measured without modulation.
The power output of the r.f. amplifier must
vary as the square of the instantaneous plate
voltage (the r.f. voltage must be proportional to
the plate voltage) in order for the modulation to
be linear. This will be the case when the amplifier operates under Class C conditions. The
linearity depends upon having sufficient grid
excitation and proper bias, and upon the adjustment of circuit constants to the proper values.
Adjustment of Plate- Modulated Amplifiers

+B

+8

Fig. 10.5 — Plate modulation of aClass C r.f. amplifier.

The r.f. plate by-pass condenser, C, in the amplifier
stage should have reasonably high reactance at audio
frequencies. A value of the order of 0.001 pfd. to
0.005 gfd. is satisfactory in practically all cases. (See
chapter on modulators.)

The general operating conditions for Class C
operation are described in the chapter on transmitters. The grid bias and grid current required
for plate modulation usually are given in the
operating data supplied by the tube manufacturer; in general, the bias should be such as to
give an operating angle of about 120 degrees at
the d.c. plate voltage used, and the grid excitation should be great enough so that the amplifier's plate efficiency will stay constant when the
plate voltage is varied over the range from zero
to twice the unmodulated value. For best linearity, the grid bias should be obtained partly from
afixed source of about the cut-off value, and then
supplemented by grid-leak bias to supply the
remainder of the required operating bias.
The maximum permissible d.c. plate power
input for 100-per-cent modulation is twice the
sine-wave audio- frequency power output available from the modulator. This input is obtained
by varying the loading on the amplifier (keeping
its tank circuit tuned to resonance) until the
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product of d.c. plate voltage and plate current is
the desired power. The modulating impedance
under these conditions must be transformed to
the proper value for the modulator by using the
correct output-transformer turns ratio. This
point is considered in detail in the chapter on
modulator design.
Neutralization, when triodes are used, should
be as nearly perfect as possible, since regeneration may cause nonlinearity. The amplifier also
must be completely free from parasitic oscillations.
Although the total power input (d.c. plus
audio- frequency a.c.) increases with modulation,
the d.c. plate current of a plate-modulated amplifier should not change when the stage is modulated. This is because each increase in plate voltage and plate current is balanced by an equivalent decrease in voltage and current on the next
half-cycle of the modulating wave. D.c. instruments cannot follow the a.f. variations, and since
the average d.c. plate current and plate voltage
of a properly-operated amplifier do not change,
neither do the meter readings. A change in plate
current with modulation indicates nonlinearity.
On the other hand, a thermo-couple r.f. ammeter connected in the antenna or transmission
line will show an increase iii r.f. current with
modulation, because instruments of this type
respond to power rather than to current or
voltage.
Screen- Grid Amplifiers
Screen-grid tubes of the pentode or beamtetrode type can be used as Class C plate-modulated amplifiers by applying the modulation to
both the plate and screen grid. The usual method
of feeding the screen grid with the necessary d.c.
and modulation voltage is shown in Fig. 10-6.
The dropping resistor, R, should be of the proper
value to apply normal d.c. voltage to the screen
under steady carrier conditions. Its value can be
calculated by taking the difference between plate
and screen voltages and dividing it by the rated
screen current.
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Fig. 10-6 — Plate and screen modulation of aClass C
r.f. amplifier using a screen-grid tube. The plate r.f.
by-pass condenser, CI, should have reasonably high
reactance at all audio frequencies; a value of 0.001 to
0.005 pfd. is generally satisfactory. The screen by-pass,
C2, should be 0.002 i;fd. or less in the usual case.
When the modulated amplifier is a beam tetrode the
suppressor connection shown in this diagram may be
ignored. If a base terminal is provided on the tube
for the beam- forming plates, it should be connected as

recommended by the manufacturer.

The modulating impedance is found by dividing the d.c. plate voltage by the sum of the plate
and screen currents. The plate voltage multiplied
by the sum of the two currents gives the power
input to be used as the basis for determining the
audio power required from the modulator.
CLASS -C
AMR
R.
Excitation

Hoe '.

C.SCREF.N +8
SUPPLY
Fig. 10.7— Plate modulation of a beam tetrode, using
an audio impedance in the screen circuit. The value of
Li is discussed in the text. See Fig. 10-6 for data on bypass capacitors CIand C2.

Modulation of the screen along with the plate
is necessary because the screen voltage has a
much greater effect on the plate current than the
plate voltage does. Very little modulation takes
place and the modulation characteristic is nonlinear if the plate alone is modulated. However,
beam tetrodes can be modulated satisfactorily
by applying the modulating power to the plate
circuit alone, provided the screen is " floating"
at audio frequencies — that is, is not grounded
for a.f. but is connected to its d.c. supply through
an audio impedance. The circuit is shown in
Fig. 10-7. The choke coil L1 is the audio impedance in the screen circuit; its inductance should
be large enough to have areactance (at the lowest
desired audio frequency) that is not less than the
impedance of the screen. The latter can be taken
to be approximately equal to the d.c. screen
voltage divided bv the d.c. screen current.
Choke Coupled Modulator

One of the oldest typ, of modulation system
is the choke-coupled Class A modulator shown
in Fig. 10-8. Because of the relatively low power
output and plate efficiency of a Class A amplifier, the method is seldom used now except for a
few special applications. The audio power output
of the modulator is combined with the d.c. power
in the plate circuit, just as in the case of the
transformer-coupled modulator. However, there
is considerably less freedom in adjustment, since
no transformer is available for matching impedances.
The modulating impedance of the r.f. amplifier
must be adjusted to the value of load impedance
required by the particular modulator tube used,
and the power input to the r.f. stage must not
exceed twice the rated a.f. power oùtput of the
modulator. A complication is the fact that the
plate voltage on the modulator must be higher
than the plate voltage on the r.f. amplifier, for
100-per-cent modulation. This is because the a.f.
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Fig. 10-8 — Choke-coupled Class- A modulator. Tile
cathode resistor, R2, should have the normal value for
opera
of the modulator tithe a., a (
1111%,'r
amplifier The modulation choke, /4„ Sh1111111
111.11
or more. A value of 0.001 to ( 005 dd. is ,at i-faet,,
at
C2, the r.f. amplifier plate by-pass conden-,'r. See text
for discussion of CIand Re.

voltage developed by the modulator cannot swing
to zero without a great deal of distortion. Rit
provides the necessary d.c. voltage drop between
the modulator and r.f. amplifier, but its value
cannot be calculated without using t publisht41
plate family of curves for the modulator tube
used. The voltage drop through R1 must equal
the minimum instantaneous plate voltage on the
modulator tube under normal operating conditions. C1, an audio- frequency by-pass across RI,
should have acapacitance such that its reactance
at 100 cycles is not more than about one-tenth
the resistance of RI.Without RIC' the percentage
of modulation is limited to 70 to 80 per cent in
the average ease.

•GRID

modulated. With grid modulation the plate voltage is constant, and the increase in power 011th ml
with modulai it
is obtained by making both the
plate current and plate efficiency vary with the
modulating signal as shown in Fig. 10-9. For
100-per-cent modulation, both plate current and
efficiency must, at the peak of the modulation
up-swing, be twice their carrier values. Thus at
the modulation peak the power input is doubled,
anti since the plate efficiency also is doubled at
the same instant the peak output power will be
four times the carrier power. The efficiency obtainable at the peak depends on how carefully
the modulated amplifier is adjusted, and sometimes can be as high as 80 per cent. It is generally
less when the amplifier is adjusted for good linearity, and under average conditions around figure
of %, or 66 per cent, is representative. Since the
carrier efficiency is only half the peak efficiency,
the efficiency for carrier conditions, without
modulation, is only about 33 per cent. Thus the
carrier output is about one-fourth the power obtainable from the same tube in c.w. operation,
and about one-third the carrier output obtainable
from the tube with plate modulation.
The modulator is required to furnish only the
audio power dissipated in the modulated grid
une her the opera t
ing conditions chosen. A speech
amplifier capable of delivering 3 to 10 watts is
usually sufli
t.
Generally speaking, grid modulation does not
give as linear a modulation characteristic as
plate modulation, even under optimum operating conditions. When misadjusted the nonlinearity may be severe, resulting in had distortion
and splatter. However, with careful adjustment
it is capable of quite satisfactory results.
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MODULATION

The principal disadvantage of plate modulation is that aconsiderable amount of audio power
is required. This requirement can be avoided by
applying the modulation to agrid element in the
modulated amplifier. However, the convenience
and economy of the low- power modulator must
be paid for, since no modulation system gives
something for nothing. The increased power output that accompanies modulation is paid for, in
the case of grid modulation, by areduction in the
carrier power output obtainable from agiven r.f.
amplifier tube, and by more rigorous operating
requirements and more complicated adjustment.
The term " grid modulation" as used here applies to all types — control grid, screen, or suppressor — since the operating principles are exactly the same no matter which grid is actually

so
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RELATIVE MODULATING VOLTAGE
Fig. 10-9 — In aperfect grid-modulated amplifier both
plate current and plate efficiency would vary with the instantaneous modulating voltage as shown. M hen this
is so the modulation characteristic is as given by curve
A in Fig. 10-4, and the peak output power is four times
the unmodulated carrier power. The variations in plate
current with modulation, indicated above, do not register on a d.e. meter, so the plate meter shows no change
when the signal is modulated.
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Plate- Circuit Operating Conditions
The ( I.e. plate power input to the modulated
amplifier, assuming a round figure of (33 per
cent) for the plate eflicieney, should not, exceed
1!• times the plate dissipation rating of the tube
or tubes used in the modulated stage. It is generally best to use the maximum plate voltage
permitted by the manufacturer's ratings, because the optimum operating conditions are more
easily achieved with high plate voltage and the
linearity also is improved.
Example: Two tubes having plate dissipation
ratings of 55 watts each are to be used with grid
modulation.
The maximum permissible power input, at 33%
efficiency, is
P = 1.5 X (2 X 55) = 1.5 X 110 = 165 watts
The maxiintun recommended plate voltage for
these tubes is 1500 volts. Using this figure, the
average plate current for the two tubes will be
/

P
165
= = — = 0.11 amp. = 110 ma.
E
1500

At 33% efficiency, the carrier output to be expected is 55 watts.
The plate-voltage/plate-current ratio at twice
carrier plate current is
1500

6.8

220

The tank-circuit L/C ratio should be chosen on
the basis of twice the average or carrier plate current. If the L/C ratio is based on the plate voltage/plate current ratio under carrier conditions
the Q may be too low for good coupling to the
output circuit.
Control- Grid Modulation
Control-grid modulation may be used with any
type of r.f. amplifier tube. A typical triode circuit,
is given in Fig. 10-10. The same circuit can be
used with screen-grid tubes merely by supplying
the normal value of screen voltage by any convenient means; however, the screen should be
by-passed for audio ( 1pfd. or more) as well as
radio frequencies. The audio signal is inserted,
by means of transformer T, in series with the
grid-bias lead. In apush-pull amplifier the transformer is connected in the common bias lead.
In control-grid modulation the d.c. grid bias is
the same as in normal Class-C amplifier service,
but the r.f. grid excitation is somewhat smaller.
The audio voltage superimposed on the d.c. bias
changes the instantaneous grid bias at an audio
rate, thus varying the operating conditions in the
grid circuit and controlling the output and efficiency of the amplifier.
The change in instantaneous bias voltage with
modulation causes the rectified grid current of
the amplifier to vary, which places a variable
load on the modulator. To reduce distortion, resistor R in Fig. 10-10 is connected in the output
circuit of the modulator as a constant load, so
that the overall load variations will be minimized.
This resistor should be equal to or somewhat
higher than the load into which the modulator
tube is rated to work at normal audio output.
It is also recommended that the modulator circuit incorporate as much negative feedback as

R.F
Excitation

Speed;
Amp.

+CO—
a_

+8

Control-grid modulation of aClass C amplifier. The r.f. grid by-pass condenser, C, should have
high reactance at audio frequencies (0.005 ¡dd. or less).
Fig. 10-10 —

possible, as afurther aid in reducing the internal
resistance of the modulator and thus improving
the " regulation" — that is, reducing the effect
of load variations on the audio output voltage.
The turns ratio of transformer T should be about
1to 1in most cases.
The load on the r.f. driving stage also varies
with modulation. This in turn will cause the excitation voltage to vary which may cause the
modulation characteristic to be nonlinear. To
overcome it, the driver should be capable of two
or three times the r.f. power output actually required to drive the amplifier. The excess power
may be dissipated in a dummy load (such as an
incandescent lamp of appropriate power rating)
that then performs the same function in the r.f.
circuit that resistor R does in the audio circuit.
The d.c. bias source in this system should have
low internal resistance. Batteries or a voltageregulated supply are suitable. Grid-leak bias
should not be used.
Adjustment
A control-grid modulated amplifier should
be adjusted with the aid of an oscilloscope connected as shown in Fig. 10-11. A tone source for
modulating the transmitter is a convenience,
since asteady tone will give asteady pattern on
the oscilloscope. A steady pattern is easier to
study than one that flickers with voice modulation.
Having determined the permissible carrier
plate current as previously described, apply r.f.
excitation and plate voltage and, without modulation, adjust the plate loading to give the required plate current ( keeping the plate tank
circuit tuned to resonance). Next, apply modulation and increase the modulating voltage until
the modulation characteristic shows curvature
(see later section in this chapter for use of the
oscilloscope). If curvature occurs well below 100per-cent modulation, the plate efficiency is too
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Fig. 10-11 — Using the oscilloscope for adjustment of agrid-modulated amplifier.
The connections shown are for grid-bias modulation. With screen or suppressor
modulation the connection to the horizontal plates of the 'scope should be taken
from the grid being modulated; the r.f. pick-up arrangement remains unchanged.
L and C should tune to the operating frequency, and may be coupled to the
transmitter tank circuit through atwisted pair or coax, using single-turn links at
each end. The 0.01-5fd. blocking condenser that couples the audio voltage to the
horizontal plates of the oscilloscope should have avoltage rating equal to at least
twice the d.c. voltage on the grid that is being modulated.

Screen Modulation

Power tubes of the beam tetrode type have
very good modulation characteristics when the
modulating voltage is superimposed on the d.c.
screen-grid voltage. The efficiency and plate
current should vary with the modulating voltage
as shown in Fig. 10-9.
In many ways screen modulation is more satisfactory than control-grid modulation, since the
system does not require a fixed-bias supply for
the control grid, and is not highly critical as to
excitation voltage. However, the operating principles are identical, and the carrier output is
limited to about one-third the plate dissipation
rating of the tube or tubes used in the modulated
amplifier.
The most satisfactory way to apply the modulating voltage to the screen is through a transRE Amp.
OH
R

F
ACI tatIon

IRFC

Unt.

Grid
Leak

+5G. --- +S
Fig. 10-12 — Screen-grid modulation of beam tetrode.
Condenser C is an r.f. by-pass condenser and should
have high reactance at audio frequencies. A value of
0.002 pfd. is satisfactory. The grid leak can have the
same value that is used for c.w. operation of the tube.

20

SCREEN CURRENT- MA

high. Increase the plate loading slightly and reduce the excitation to maintain the same plate
current; then apply modulation and check the
characteristic again. Continue this process until
the characteristic is as linear as possible from the
horizontal axis to twice the carrier amplitude.

former, as shown in Fig.
10-12. In an ideal beam
tetrode the plate current
and output should be completely cut off with zero
screen voltage, but in practical tubes it is necessary
to drive the screen somewhat negative with respect
to tbe cathode to get complete cut-off. For this reason
the peak modulating voltage required for 100-percent modulation is usually
10 per cent or so greater
than the d.c. screen voltage.
The latter, in turn, is approximately half the rated
screen voltage under
maximum ratings for c.w.
operation.
The audio power required is approximately

15
Eb
1850y30
lb = 110 MA.
R9= 10 K

10

o

200
300
400
500
SCREEN VOLTAGE
Fig. 10-13 — A typical screen voltage-current curve of
a beam tetrode adjusted for optimum conditions for
screen modulation.
100

one-fourth the d.c. power input to the screen
under c.w. operation, but varies somewhat with
the operating conditions. A receiving-type audio
power amplifier will suffice as the modulator for
most transmitting tubes. Because the relationship between screen voltage and screen current
is not linear (atypical curve giving this relationship is shown in Fig. 10-13) the load on the modulator varies over the audio-frequency cycle, and
it is therefore highly advisable to use negative
feedback in the modulator circuit. If excess audio
power is available, it is also advisable to load the
modulator with a resistance corresponding to R
in Fig. 10-10, the value of R being adjusted to
dissipate the excess power. Unfortunately, there
is no simple way to determine the proper resistance except experimentally, by observing the
effect of different values on the waveshape with
the aid of an oscilloscope.
On the assumption that the modulator will be
fully loaded by the screen plus the additional
load resistor R, the turns ratio required in the
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coupling transformer 101y be calculated as follows:
Ed
N —
2.5N/PRL
where N is the turns ratio, secondary to primary;
Ed is the rated screen voltage for c.w. operation;
P is the rated audio power output of the modulator; and R. is the rated load resistance for the
modulator.
The best method of adjustment is to use an
oscilloscope ( the connections of Fig. 10-11 may
he used, except that the audio sweep voltage is
taken from the screen instead of the control grid)
and adjust plate loading, grid excitation, and
modulating voltage for the greatest output compatible with good linearity at 100 per cent modulation. The amplifier sho.uld be loaded heavily
and the grid current should be kept at the point
where a further reduction decreases the r.f. output. Under proper operating conditions the platecurrent dip as the amplifier plate circuit is tuned
through resonance will be little more than just
discernible.
In an alternative adjustment method not requiring an oscilloscope the r.f. amplifier is first
tuned up for maximum output without modulation and the rated d.c. screen voltage ( from a
fixed-voltage supply) for c.w. operation applied.
Use heavy loading and reduce the grid excitation
until the output just starts to fall off, at which
point the resonance dip in plate current should
be small. Note the plate current and, if possible,
the r.f. antenna or feeder current, and then reduce
the d.c. screen voltage until the plate current is
one-half its previous value. The r.f. output current should also be one-half its previous value at
this screen voltage. The amplifier is then ready
for modulation, and the modulating voltage may
be increased until the plate current just starts to
shift upward, which indicates that the amplifier
is modulated 100 per cent. With voice modulation
the plate current should remain steady, or show
just an occasional small upward kick on intermittent peaks.
It is desirable to operate with the grid current
as low as possible, since this reduces the screen
current and thus reduces the amount of power
required from the modulator. With proper adjustment the linearity is good up to about 90 per
cent modulation. When the screen is driven negative for 100 per cent modulation there is a kink
in the modulation characteristic at the zerovoltage point that introduces asmall amount of
distortion. The kink can be removed and the
overall linearity improved by applying a small
amount of modulating voltage te the control grid
simultaneously with screen modulation, but this
requires adjustment with the oscilloscope.
"Clamp- Tube" Modulation
A method of screen-grid modulation that is
convenient in transmitters provided with ascreen
protective tube (" clamp" tube) is shown in Fig.
10-14. Basically, the idea is that an audio-frequency signal is applied to the grid of the clamp
tube, which then becomes a modulator. The

simplicity of the circuit is somewhat deceptive,
since it is considerably more difficult from a
design standpoint than the transformer-coupled
arrangement of Fig. 10-12.
For proper modulation the clamp tube must be
operated as atriode Class-A amplifier, and it will
be recognized that the method is essentially identical with the choke-coupled Class-A plate modulator of Fig. 10-8 with aresistance, R2, substituted
for the choke. 22 in the usual case is the screen
dropping resistor normally used for c.w. opera-

R
F
IR
FC

ExcitatIon

Fig. 10-14 — Screen modulation by a "clamp" tube.
The grid leak is the normal value for c.w. operation and
C2should be 0.002 gfd. or less. See text for discussion
of CI, RI, R2and R3. Ra should have the proper value
for Class A operation of the modulator tube, but cannot
be calculated unless triode curves for the tube are
available.

tion. Its value should be at least two or three
times the load resistance required by the Class A
modulator tube for optimum audio-frequency
output. Unfortunately, relatively little information is available on the triode operation of the
tubes most frequently used for screen-protective
purposes.
Like the choke-coupled modulator, the clamptube modulator is incapable of modulating the
r.f. stage 100 per cent unless the dropping resistor,
RI,and audio by-pass, C1, are incorporated in the
circuit. The same design considerations hold, with
the addition of the fact that the screen must be
driven negative, not just to zero voltage, for 100
per cent modulation. The modulator tube must
thus be operated at avoltage ranging from 20 to
40 per cent higher than the screen that it modulates. Proper design requires knowledge of the
screen characteristics of the r.f. amplifier and aset
of plate-voltage plate-current curves on the modulator tube as atriode.
Adjustment with this system, once the design
voltages have been determined, is carried out in
the same way as with transformer-coupled screen
modulation, preferably with the oscilloscope.
Without the oscilloscope, the amplifier may first
be adjusted for c.w. operation as described earlier,
but with the modulator tube removed from its
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socket. The modulator is then replaced, and the
cathode resistance, 113, adjusted to reduce the
amplifier plate current to one-half its c.w. value.
The amplifier plate current should remain constant with modulation, or show just a small upward flicker on occasional voice peaks.
Controlled Carrier
As explained earlier, a limit is placed on the
output obtainable from agrid-modulation system
by the low r.f. amplifier plate efficiency (approximately 33 per cent) under carrier conditions. The
MODULATOR

o--I
A.F
Input

+13
Fig. 10-15 — Circuit for carrier control with screen
modulation. A small triode such as the 6J5 can be used
as the control amplifier and a 61 .6G is suitable as a
carrier-control tube. 7'1 is an interstage audio transformer having a 1-to- 1 or larger turns ratio. R4 is a
0.5-megohm volume control and also serves as the grid
resistor for the modulator. A germanium crystal may
be used as the rectifier. Other values are discussed in
the text.

plate efficiency increases with modulation, since
the output increases while the d.c. input remains
constant, and reaches a maximum in the neighborhood of 50 per cent with 100-per-cent sinewave modulation. Consequently, if the power
input to the amplifier can be reduced during those
periods when there is little or no modulation, thus
reducing the plate loss, advantage can be taken
of the higher efficiency at full modulation to obtain higher effective output. This can be done by
varying the power input to the modulated stage
in accordance with average variations in voice
intensity, so long as sufficient carrier power is
generated to maintain the modulation at or below
100 per cent under all conditions. Such " controlled carrier" operation is particularly adaptable to screen-grid modulation. When properly
utilized, it permits increasing the effective carrier
output at full modulation to half the rated plate
dissipation of the r.f. amplifier, instead of onethird.
It is desirable to control the power input just
enough so that the plate loss, without modulation, is safely below the tube rating. Excessive
control is disadvantageous because the receiver's
a.v.e. system must continually follow the varia-

tions in average signal level. The circuit of Fig.
10-15 permits adjustment of both the maximum
and minimum power input, and although somewhat more complicated than some circuits that
have been used is actually simpler to operate because it separates the functions of modulation
and carrier control. A portion of the audio voltage
at the modulator grid is applied to a Class A
"control amplifier" which drives arectifier circuit
to produce ad.c. voltage negative with respect to
ground. C1 filters out the audio variations,
leaving ad.c. voltage proportional to the average
voice level. This voltage is applied to the grid of
a " clamp" tube to control the d.c. screen voltage
and thus the r.f. carrier level. Maximum output is
obtained when the carrier-control tube grid is
driven to cut-off, the voice level at which this
occurs being determined by the setting of 114.
Minimum input is set to the desired level (usually
about equal to the plate dissipation rating of the
modulated stage) by adjusting 112. 113 may be the
normal screen-dropping resistor for the modulated beam tetrode, but in case aseparate screen
supply is used it need be just large enough to give
sufficient voltage drop to reduce the no-modulation power input to the desired value.
CiRi should have atime constant of about 0.1
second. The time constant of C2R3 should be no
larger. Further details may be found in QST for
April, 1951, page 64. An oscilloscope is required
for proper adjustment.
Suppressor Modulation
Pentode-type tubes do not, in general, modulate well when the modulating voltage is applied
to the screen grid. However, asatisfactory modulation characteristic can be obtained by applying
the modulation to the suppressor grid. The circuit
arrangement for suppressor-grid modulation of a
pentode tube is shown in Fig. 10-16.
The method of adjustment closely resembles
that used with screen-grid modulation. If an
oscilloscope is not available, the amplifier is first
adjusted for optimum c.w. output with zero bias
on the suppressor grid. Negative bias is then
applied to the suppressor and increased in value
until the plate current and r. I
.
.output current
drop to half their original values. When this
condition has been obtained the amplifier is ready
for modulation.
CLASS-C
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Fig. 10-16 — Suppressor-grid modulation of an r.f.
amplifier using a pentode-type tube. The suppressorgrid r.f. by-pass condenser, C, should be the same as the
grid by-pass condenser in control-grid modulation.
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Since the suppressor is always negatively
biased, the modulator is not required to furnish
any power, so a voltage amplifier can be used.
The suppressor bias will vary with the type of
pentode and the operating conditions, but usually
will be of the order of — 100 volts. The peak a.f.
voltage required from the modulator is equal to
the suppressor bias.

•

CATHODE MODULATION

The fundamental circuit for cathode modulation is shown in Fig. 10-17. It is acombination of
the plate and grid methods, and permits a carrier efficiency midway between the two. The
audio power is introduced in the cathode circuit,
and both grid bias and plate voltage are modulated.
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Fig. 10-18 — Cathode-modulation performance curves,
in terms of percentage of plate modulation plotted
against percentage of Class C telephony tube ratings.
Win — 0.c. plate input watts in terms of percentage of
plate-modulation rating.
W. — Carrier output watts in per cent of plate-modulation rating (based on plate efficiency of 77.5%).
W. — Audio power in per cent of d.c. watts input.
— Plate efficiency of the amplifier in percentage.

As the percentage of plate modulation is decreased, it is assumed that the grid modulation is
increased to make the over-all modulation reach
100 per cent. The limiting condition, 100-per-cent
plate modulation and no grid modulation, is at
the right (
A); pure grid modulation is represented by the left-hand ordinate (
B and C).
Exanbple: Assume that the r.f. tube to be used
has a 100% plate-modulation rating of 250 watts
input and will give a carrier power output of 190
watts at that input. Cathode modulation with 40%
plate modulation is to be used. From Fig. 10-18.
the carrier efficiency will be 56% with 40% plate
modulation, the permissible d.c. input will be 65%
of the plate-modulation rating, and the r.f. output

god

will be 48% of the plate-modulation rating. That is,
Power input = 250 X 0.65 = 162.5 watts
Power output = 190 X 0.48 -- 91.2 watts
FIR
TranS.
P riljr
n

Circuit arrangement for cathode modulation of aClass C r.f. amplifier. Values of by-pass eon.
densers in the r.f. cire,, u — tumid be the same a- for
other modulation method,.
Fig. 10-17 —

Because part of the modulation is by the
control-grid method, the plate efficiency of the
modulated amplifier must vary during modulation. The carrier efficiency therefore must
be lower than the efficiency at the modulation
peak. The required reduction in efficiency depends upon the proportion of grid modulation
to plate modulation; the higher the percentage
of plate modulation, the higher the permissible
carrier efficiency, and vice versa. The audio
power required from the modulator also varies
with the percentage of plate modulation, being
greater as this percentage is increased.
The way in which the various quantities
vary is illustrated by the curves of Fig. 10-18.
In these curves the performance of the cathode-modulated r.f. amplifier is plotted in terms
of the tube ratings for plate-modulated telephony,
with the percentage of plate modulation as abase.

The re quired audio power, from the chart, is equal
to 20% of the d.c. input to the modulated amplifier.
Therefore
Audio power = 162.5 X 0.2 = 32.5 watt>
The modulator should supply asmall amount of
extra power to take care of losses in the grid circuit..
These should not exceed four or five watts.
Modulating Impedance
The modulating impedance of a cathodemodulated amplifier is approximately equal to
Et,

114—

where m = Percentage of plate modulation (expressed as adecimal)
= D.c. plate voltage on modulated
amplifier
= D.c. plate current of modulated
amplifier
Example: Assume that the modulated amplifier
in the example above is to operate at aplate potential of 1250 volts. Then the d.c. plate current is
P
162.5
= — =— = (Lis
E
1250

amp. ( 130 ma.)

The modulating impedance is
1250
ta— = 04.— = 3846 ohms
Eb

/b

0.13
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The modulating impedance is the load into which
the modulator must work, just as in the case of
pure plate modulation. This load must be
matched to the load required by the modulator
tubes by proper choice of the turns ratio of the
modulation transformer, as described in the chapter on speech equipment.

must be independent of other stages in the
transmitter. When directly-heated tubes are
modulated their filaments must be supplied from
a separate transformer. The filament by-pass
condensers should not be larger than about 0.002
gfd., to avoid by-passing the audio-frequency
modulation.

Conditions for Linearity

Adjustment of Cathode- Modulated
Amplifiers

R.f. excitation requirements for the cathodemodulated amplifier are midway between those
for plate modulation and control-grid modulation. More excitation is required as the percentage of plate modulation is increased. Grid
bias should be considerably beyond cut-off;
fixed bias from a sopply having good voltage
regulation is preferred, especially when the
percentage of plate modulation is small and
the amplifier is operating more nearly like a
grid-bias modulated stage. At the higher percentages of plate modulation a combination of
fixed and grid-leak bias can be used, since the
variation in rectified grid current is smaller.
The grid leak should be by-passed for audio
frequencies. The percentage of grid modulation
may be regulated by choice of a suitable tap
on the modulation-transformer secondary.
The cathode circuit of the modulat;41 stage

Checking

•USING THE OSCILLOSCOPE

In most respects, the adjustment procedure
is similar to that for grid-bias modulation. The
critical adjustments are antenna loading, grid
bias, and excitation. The proportion of grid-bias
to plate modulation will determine the operating
conditions.
Adjustments should be made with the aid of
an oscilloscope connected in the same way as for
grid-bias modulation. With proper antenna loading and excitation, the normal wedge-shaped
pattern will be obtained at 100-per-cent modulation. As in the case of grid-bias modulation,
too- light antenna loading will cause flattening
of the upward-peaks of modulation as also will
too-high excitation. The cathode current will be
practically constant with or without modulation
when the proper operating conditions have been
established.

AM 'Phone

Proper adjustment of a ' phone transmitter
is aided immeasurably by the oscilloscope. The
'scope will give more information, more accurately, than almost any collection of other instruments that might be named. Furthermore, an
oscilloscope that is entirely satisfactory for the
purpose is not necessarily an expensive instrument; the cathode-ray tube and its power supply
are about all that are needed. Amplifiers and
linear sweep circuits are by no means necessary.
In the simplest ' scope circuit, radio-frequency
voltage from the modulated amplifier is applied
directly to the vertical deflection plates of the
tube, and audio-frequency voltage from the modulator is applied to the horizontal deflection
plates. As the instantaneous amplitude of the
audio signal varies, the r.f. output of the transmitter likewise varies, and this produces awedgeshaped pattern or trapezoid on the screen. If the
oscilloscope has a built-in horizontal sweep, the
r.f. voltage is applied to the vertical plates as
before (never through an amplifier) and the
sweep will produce a pattern that follows the
modulation envelope of the transmitter output,
provided the sweep frequency is lower than the
modulation frequency. This produces a waveenvelope modulation pattern.
The Wave- Envelope Pattern
The connections for the wave-envelope pattern
are shown in Fig. 10-19A. The vertical deflection
plates are coupled to the amplifier tank coil (or
an antenna coil) through a twisted-pair line and
pick-up coil. As shown in the alternative drawing,

Operation

a resonant circuit tuned to the operating frequency may be connected to the vertical plates,
using link coupling between it and the transmitter. This will eliminate r.f. harmonics, and the
tuning control provides a convenient means for
adjustment of the pattern height.
The position of the pick-up coil should be
varied until an unmodulated carrier pattern,
Fig. 10-20B, of suitable height is obtained. The
horizontal sweep voltage should be adjusted to
make the width of the pattern somewhat more
than half the diameter of the screen. When voice
modulation is applied, arapidly-changing pattern
of varying height will be obtained. When the
maximum height of this pattern is just twice that
of the carrier alone, the wave is being modulated
100 per cent. This is illustrated by Fig. 10-20D,
where the point X represents the horizontal
sweep line (reference line) alone, YZ is the carrier
height, and PQ is the maximum height of the
modulated wave.
If the height is greater than the distance PQ,
as illustrated in E, the wave is overmodulated in
the upward direction. Overmodulation in the
downward direction is indicated by a gap in the
pattern at the reference axis, where a single
bright line appears on the screen. Overmodulation in either direction may take place even
when the modulation in the other direction is
less than 100 per cent.
The Trapezoidal Pattern
Connections for the trapezoid or wedge pattern
as used for checking plate modulation are shown
in Fig. 10-19B. The vertical plates of the c.r.
tube are coupled to the transmitter tank through
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dd., approximately. The voltage rating of the
condenser should be at least twice the d.c. voltage applied to the modulated amplifier. The
capacitance can be made up of two or more similar
units in series, so long as the total capacitance is
equal to that required, in case a single unit of
sufficient voltage rating is not available. Two or
more units may be used in parallel if condensers
having adequate voltage rating but insufficient
capacitance are available.
The corresponding ' scope connections for grid
modulation were given in Fig. 10-11. This circuit
will be satisfactory for checking screen-grid modulation (the audio connection of course being made
to the screen grid rather than to the control grid)
for d.c. screen voltages up to 200 volts or so,
which will include most beam tetrodes. If the d.c.
screen voltage, adjusted for proper modulation,
exceeds 200 volts avoltage divider similar to that
shown in Fig. 10-19 should be used, the values
being calculated as described above using the
screen voltage instead of the plate voltage.
Trapezoidal patterns for various conditions
of modulation are shown in Fig. 10-20 at F to J,
each alongside the corresponding wave-envelope pattern. With no signal, only the cathode-

To
Horizontal
Plates
NO CARRIER

Fig. 10-19 — Methods of connecting the oscilloscope for
modulation checking. A — connections for wave-envelope pattern with any modulation method; B — connections for trapezoidal pattern with plate modulation.
See Fig. 10-11 for 'scope connections for trapezoidal
pattern with grid modulation.
a pick-up loop, preferably using a tuned circuit,
as shown in the upper drawing, adjustable to the
operating frequency. Audio voltage from the
modulator is applied to the horizontal plates
through a voltage divider, RIR2. This voltage
should be adjustable so a suitable pattern width
can be obtained; a 0.25-megohm volume control
can be used at R2 for this purpose, with c.r.
tubes up to the 3-inch size.
The resistance required at R1will depend on
the d.c. plate voltage on the modulated amplifier.
The total resistance of R1and R2in series should
be about 0.25 megohm for each 100 volts of d.c.
plate voltage. For example, if the modulated
amplifier operates at 1500 volts, the total resistance should be 3.75 megohms, 0.25 megohm at
R2and the remainder, 3.5 megohms, in RI. R1
should be composed of individual resistors not
larger than 0.5 megohm each, in which case
1-watt resistors will be satisfactory.
For good low- frequency coupling the capacitance, in microfarads, of the blocking condenser,
C, should at least equal 0.004/R,where R is the
total resistance (
RI -F R2)in megohms. In the
example above, where R is 3.75 megohms, the
capacitance should be at least 0.004/3.75 = 0.001

CARRIER ONLY

(C)
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100% MODULATION

100%

MODULATION

CO
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OVER MODULATION

Fig. 10-20— Wave-envelope and trapezoidal pattern,
representing different conditions of modulation.
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ray spot appears on the screen. When the unmodulated carrier is applied, a vertical line appears; the length of the line should be adjusted,
by means of the pick-up coil coupling, to a convenient value. When the carrier is modulated,
the wedge-shaped pattern appears; the higher
the modulation percentage, the wider and more
pointed the wedge becomes. At 100-per-cent
modulation it just makes apoint on the axis, X,
at one end, and the height, PQ, at the other end
is equal to twice the carrier height, YZ. Overmodulation in the upward direction is indicated
by increased height over PQ, and in the downward
direction by an extension along the axis X at the
pointed end.
Checking Transmitter Performance
The trapezoidal p:it t
ern is far more useful than
the wave-envelope pat t
ern for checking the operation of a ' phone transmitter. The latter type of
pattern is of use principally for checking modulation percentage, and even when the speech system
is fed with asine-wave tone for close examination

Fig. 10-21— Top — atypical trapezoidal pattern obtained with screen modulation adjusted for optimum
conditions. The sudden change in slope near the point
of the wedge occurs when the screen voltage passes
through zero. Center — If there is no audio distortion,
the unmodulated carrier will have the height and position shown by the white line superimposed on the sine.
wave modulation pattern. Bottom — Even-harmonic
distortion in the audio system, when the audio signal
applied to the speech amplifier is asine wave, is indicated by the fact that the modulation pattern does not
extend equal distances either side of the unmodulated
carrier.
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of the pattern it is difficult to tell with sufficient
accuracy whether the transmitter is operating
linearly. Also, even when distortion is evident in
the wave- envelope pattern there is no clue as to
whether it is occurring in the modulated amplifier
or is caused by some defect in the speech equipment.
On the other hand, the trapezoidal pattern is
actually agraph of the modulation characteristic
of the modulated amplifier. The sloping sides of
the wedge show the r.f. amplitude for every value
of instantaneous modulating voltage, exactly the
type of curve plotted in Fig. 10-4. If these sides
are perfectly straight lines, as drawn in Fig.
10-20 at H and I, the modulation characteristic is
linear. If the sides show curvature, the characteristic is nonlinear to an extent that is shown by
the degree to which the sides depart from perfect
straightness. This is true regardless of the waveform of the modulating voltage.
If the speech system can be driven by agood
audio sine-wave signal instead of a microphone,
the trapezoidal pattern also will show the presence
of even-harmonic distortion (the most common
type, especially when the modulator is overloaded) in the speech amplifier or modulator. If
there is no distortion in the audio system, the
trapezoid will extend horizontally equal distances
on each side of the vertical line representing the
unmodulated carrier. If there is even-harmonic
distortion the trapezoid will extend farther to one
side of the unmodulated-carrier position than to
the other. This is shown in Fig. 10-21. The probable cause is inadequate power output from the
modulator, or incorrect load on the modulator.
An audio oscillator having reasonably good
sine-wave output is highly desirable for testing
both speech equipment and the ' phone transmitter as awhole. A very simple single-tone oscillator
such as is shown in the chapter on measurements
is quite adequate. With such an oscillator and the
'scope, the pattern is steady and can be studied
closely to determine the effects of various operating adjustments.
The patterns shown in Figs. 10-21 and the top
four groups of Fig. 10-22 show both correct and
incorrect transmitter adjustments. The object of
modulated-amplifier adjustment is to obtain a
pattern closely resembling that in Fig. 10-22A,
which shows excellent linearity (sides of wedge
pattern quite straight) over the whole characteristic at 100-per-cent modulation. Since no
modulated amplifier is perfect, the sides will never
be perfectly straight, but a close approach is
possible. Different methods of modulation give
different characteristic results. Fig. 10-22A is
typical of correctly-operated plate modulation.
With control-grid modulation the sides usually
are somewhat concave, particularly near the
point of the trapezoid, while screen modulation
gives the characteristic pattern shown in Fig.
10-21. As mentioned earlier, it is necessary to
drive the screen somewhat negative in order to
reach complete plate-current cut-off and thus
modulate 100 per cent downward.
Aside from overmodulation downward, Fig.

A
Properly-operated 'phone
transmitter modulated 100
per cent.

Overmodulation of atransmitter having high modulation capability. Distortion occurs only on the down-peaks.

Nonlinearity in modulated
r.f. stage, frequently caused
by insufficient excitation of
a plate-modulated amplifier
or overexcitation of a grid.
bias modulated amplifier. The
amplifier modulates linearly
in the downward direction
but the up-peaks are flattened.

D
Overmodulation and non.
linear operation (insufficient
modulation capability). These
patterns are similar to those
directly above, hut with the
modulation carried beyond
100 per cent in the downward
direction.

E
Overmodulation and parasitic oscillations in the modulated amplifier. The trapezoidal pattern also shows
phase distortion caused by
incorrect coupling between
the oscilloscope and audio
system.

Left — Phase distortion
caused by incorrect coupling
between audio system and
oscilloscope. Right — Multiple pattern caused by incorrect setting of oscilloscope
time-base control. In both
cases the wave is modulated
100 per cent.

Fig. 10-22— PHOTOGRAPHS OF TYPICAL OSCILLOSCOPE PATTERNS
These photographs show various conditions of modulation as displayed by the wedge or trapezoidal patterns in tho
left-hand column and the wave-envelope patterns in the right-hand column.
(Photographs reproduced through courtesy of the Allen B. DuMont Laboratories, Inc., Passaic, N. J.)
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10-22B, which is easily cured by keeping the
speech amplifier gain or speech intensity below
the point that causes it, the most common type
of improper operation is shown by the pattern of
Fig. 10-22C. The flattening at the large end of the
trapezoid results from the inability of the modulated amplifier to deliver sufficient power output
on the modulation up-peak. With plate modulation the most likely cause is insufficient grid excitation or incorrect grid bias or both. With grid
modulation this flattening is the result of attempting to operate the amplifier at too-high
carrier efficiency. The remedy is to increase the
loading on the output circuit and reduce the grid
excitation, or both in combination, until the
pattern sides are straight.
In this connection, it should be noted that while
the trapezoidal pattern of Fig. 10-22C shows
nonlinearity in the modulated amplifier, the corresponding wave-envelope pattern of the same
figure could result either from this cause or from
modulator overloading. With the trapezoidal
pattern, modulator overloading will be evident
by the fact that the position of the vertical line
representing the unmodulated carrier will not be
at the center of the pattern (when the modulating
voltage is cut off) but modulator overloading
will not affect the shape of the pattern. This assumes that the audio signal is asine wave.
Curvature near the point of the trapezoid
causing it to approach the horizontal axis more
slowly than would occur with straight sides, indicates that the output power does not decrease rapidly enough in this region; it may be caused by r.f.
leakage from the exciter through the final stage.
This can be checked by removing the voltage
from the modulated stage, when the carrier
should disappear, leaving only the beam spot
remaining on the screen ( Fig. 10-20F). If asmall
vertical line remains, the amplifier should be
carefully neutralized; if this does not eliminate
the line, it is an indication that the ' scope is
getting r.f. from lower-power stages, either by
coupling through the final tank or via the pick-up
loop.
Faulty Patterns
Figs. 10-20, 10-21, and 10-22A through D show
what is normally to be expected in the way of
pattern shapes when the oscilloscope is used to
check modulation. If the actual patterns differ
considerably from those shown, it may be that
the pattern is faulty rather than the transmitter.
It is important that only r.f. from the modulated stage only be coupled to the oscilloscope, and
then only to the vertical plates. The effect of
stray r.f. from other stages in the transmitter
hag been mentioned in the preceding section.
If r.f. is present also on the horizontal plates,
the pattern will lean to one side instead of being
upright. If the oscilloscope cannot be moved to
a position where the unwanted pick-up disappears, asmall by-pass condenser ( 10 pfd.) should
be connected across the horizontal plates as close
to the cathode-ray tube as possible. An r.f.

choke (2.5 mh. or smaller) may also be connected
in series with the ungrounded horizontal plate.
"Folded" trapezoidal patterns, and patterns
in which the sides of the trapezoid are elliptical
instead of straight, Fig. 10-22 F (left), occur
when the audio sweep voltage is taken from some
point in the audio system other than that where
the a.f. power is applied to the modulated stage.
Such patterns are caused by a phase difference
between the sweep voltage and the modulating
voltage. The connections should always be as
shown in Fig. 10-11 and 10-19B.

•MODULATION

CHECKING WITH
THE PLATE METER

The plate milliammeter of the modulated amplifier provides asimple and fairly reliable means
for checking the performance of a ' phone transmitter, although it does not give nearly as definite
information as the oscilloscope does. If the modulated amplifier is perfectly linear, its plate current
will not change when modulation is applied if
1) The upward modulation percentage does
not exceed the modulation capability of the
amplifier,
2) The downward modulation does not exceed
100 per cent, and
3) There is no change in the d.c. operating
voltages on the transmitter when modulation is
applied.
This is true of any of the methods of modulation discussed in this chapter, with the single
exception of the controlled-carrier system. The
plate meter cannot give a reliable check on the
performance of the latter system because the
plate current increases with the intensity of
modulation. With this system the plate-current
variations should be correlated with the transmitter performance as observed on an oscilloscope
before the plate meter is used for checking
modulation.
Plate Modulation
With plate modulation, a downward shift in
plate current may indicate one or more of the
following:
1) Insufficient excitation to the modulated
r.f. amplifier.
2) Insufficient grid bias on the modulated
stage.
3) The r.f. amplifier is not loaded properly to
present the required value of modulating
impedance to the modulator.
4) Insufficient output capacitance in the filter of the modulated-amplifier plate supply.
5) D.c. input to the r.f. amplifier, under carrier
conditions, is in excess of the manufacturer's
ratings for plate modulation. Alternatively,
the filament emission of the amplifier tubes
may be low.
6) In plate-and-screen modulation of tetrodes
or pentodes, the screen is not being sufficiently modulated along with the plate. In
systems in which the d.c. screen voltage is
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obtained through a dropping resistor, a
downward dip in plate current may occur
if the screen by-pass condenser capacitance
is large enough to by-pass audio frequencies.
7) Poor voltage regulation of the modulatedamplifier plate supply. This may be caused
by voltage drop in the supply itself, when
the modulated amplifier and a Class- B
amplifier are operated from the same supply,
or may be caused by voltage drop in the
primary supply from the power line when
the modulator load is thrown on. It is readily
checked by measuring the voltage with and
without modulation. Poor line regulation
will be shown by adrop in filament voltage
with modulai ion.
Any of the following may cause an upward
shift in plate current:
1) Overmodulation (excessive audio power,
audio gain too great).
2) Incomplete neutralization of the modulated amplifier.
3) Parasitic oscillation in the modulated amplifier.
Grid Modulation
With any type of grid modulation, any of the
following may cause a downward shift in modulated-amplifier plate current:
1) Too much r.f. excitation.
2) Insufficient grid bias, particularly with
control-grid modulation. Grid bias is usually
not critical with screen and suppressor
modulation, the value of grid leak recommended for c.w. operation being satisfactory.
3) With control-grid modulation, excessive
resistance in the bias supply.
4) Insufficient output capacitance in platesupply filter.
5) Plate efficiency too high under carrier conditions; amplifier is not loaded heavily
enough.
Because grid modulation is not perfectly linear
(always less so than plate modulation) aproperlyoperating amplifier will show a small upward
plate-current shift with modulation, 10 per cent
or less with sine-wave modulation and amounting
to an occasional upwara flicker with voice. An
upward plate current shift in excess of this may
be caused by
1) Overmodulation (excessive modulating voltage).
2) Regeneration (incomplete neutralization).
3) With control-grid or suppressor modulation,
bias too great.
4) With screen modulation, d.c. screen voltage
too low.
In grid-modulation systems the modulator is
not necessarily operating linearly if the plate
current stays constant with or without modulation. It is readily possible to arrive at a set of
operating conditions in which flattening of the
up- peaks is just balanced by overmodulation
downward, resulting in practically the same plate
current as when the transmitter is unmodulated.

The oscilloscope provides the only certain check
on grid modulation. While the same type of improper operation is possible with plate modulation, it occurs only rarely.

•

COMMON TROUBLES IN THE
PHONE TRANSMITTER
Noise and Hum on Carrier

Noise and hum may be detected by listening to the signal on a receiver, provided the receiver is far enough away from the transmitter
to avoid overloading. The hum level should be
low compared with the voice at 100-per-cent modulation. Hum may come either from the speech
amplifier and modulator or from the r.f. section
of the transmitter. Hum from the r.f. section can
be detected by completely shutting off the moduulator; if hum remains when this is done, the
power-supply filters for one or more of the r.f.
stages have insufficient smoothing. With a humfree carrier, hum introduced by the modulator
can be checked by turning on the modulator but
leaving the speech amplifier off; power-supply
filtering is the likely source of such hum. If carrier
and modulator are both clean, connect the speech
amplifier and observe the increase in hum level.
If the hum disappears with the gain control at
minimum, the hum is being introduced in the
stage or stages preceding the gain control. The
microphone also may pick up hum, a condition
that can be checked by removing the microphone
from the circuit but leaving the first speech-amplifier grid circuit otherwise unchanged. A good
ground ( to a cold water pipe, for example) on
the microphone and speech system usually is
essential to hum-free operation.
Spurious Sidehands
A sup, theterodyne receiver having a crystal
filter is needed for checking spurious sidebands
outside the normal communication channel. The
r.f. input to the receiver must be kept low enough,
by removing the antenna or by adequate separation from the transmitter, to avoid overloading
and consequent spurious receiver responses. An
"S"-meter reading of about half scale is satisfactory. With the crystal filter in its sharpest
position tune through the region outside the
normal channel limits (3to 4kilocycles each side
of the carrier) while another person talks into the
microphone. Spurious sidebands will be observed
as intermittent " clicks" or crackles well away
from the carrier frequency. Sidebands more than
3 to 4 kilocycles from the carrier should be of
negligible strength, compared with the carrier,
in aproperly-modulated 'phone transmitter. The
causes are overmodulation or nonlinear operation.
With sine-wave modulation the relative intensity of sidebands can be observed if atone of 1000
cycles or so is used, since the crystal filter readily
can separate frequencies of this order. The
"S" meter will show how the spurious side frequencies (those spaced more than the modulating
frequency from the carrier) compare with the
carrier itself. Without an " S" meter, the a.v.c.
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should be turned off and the b.f.o. turned on;
then the r.f. gain should be set to give a moderately strong beat note with the carrier. The
intensity of side frequencies can be estimated
from the relative strength of the beats as the
receiver is tuned through the spectrum adjacent
to the carrier.
R.F. in Speech Amplifier
A small amount of r.f. current in the speech
amplifier — particularly in the first stage, which
is most susceptible to such r.f. pick-up — will
cause overloading and distortion in the low-level
stages. Frequently also there is a regenerative
effect which causes an audio- frequency oscillation
or " howl" to be set up in the audio system. In
such cases the gain control cannot be advanced
very far before the howl builds up, even though
the amplifier may be perfectly stable when the
r.f. section of the transmitter is not turned on.
Complete shielding of the microphone, microphone cord, and speech amplifier is necessary to
prevent r.f, pick-up, and a ground connection
separate from that to which the transmitter is
connected is advisable.

•MODULATION MONITORING
It is always desirable to modulate as fully as
possible, but 100-per-cent modulation should
not be exceeded — particularly in the downward direction — because harmonic distortion
will be introduced and the channel width increased. This causes unnecessary interference to
other stations. The oscilloscope is the best inst rament for continuously checking the modulai
However, simpler indicators may be used for the
purpose, once calibrated.
A convenient indicator, when aClass B modulator is used, is the plate milliammeter in the
Class B stage, since plate current of the modulator fluctuates with the voice intensity. Using the
oscilloscope, determine the gain-control setting
and voice intensity that give 100-per-cent modulation on voice peaks, and simultaneously observe
the maximum Class B plate-milliammeter reading on the peaks. When this maximum reading is
obtained, it will suffice to adjust the gain so that
it is not exceeded.
A high resistance ( 1000-ohms-per-volt or more)
rectifier-type voltmeter (copper-oxide or germanium type) also can be used for modulation
monitoring. It should be connected across the
output circuit of an audio driver stage where
the power level is a few watts, and similarly
calibrated against the oscilloscope to determine
the reading that represents 100-per-cent modulation.
The plate milliammeter of the modulated
r.f. stage also is of value as an indicator of overmodulation. As explained earlier, the d.c. plate
current stays constant if the amplifier is linear.
When the amplifier is overmodulated, especially
in the downward direction, the operation is no
longer linear and the average plate current will

change. A flicker of the pointer may therefore be
taken as an indication of overmodulation or nonlinearity. However, since it is possible that under
some operating conditions the plate current will
remain constant even though the amplifier is
considerably overmodulated, an indicator of this
type is not wholly reliable unless it has been
checked against an oscillocope.
0 vermodulation Indicators
Overmodulation on negative peaks is usually
the worst type, as explained earlier in this chapter. The milliammeter in the negative-peak indicator of Fig. 10-23 will show a reading on each
peak that carries the instantaneous voltage on a
plate-modulated amplifier " below zero" — that
is, negative. The rectifier, V, cannot conduct so
long as the negative half-cycle of audio output
voltage is less than the d.c. voltage applied to the
r.f. tube.
The inverse-peak-voltage rating of the rectifier
tube must be at least twice the d.c. plate voltage
of the modulated amplifier. The filament transformer likewise must have insulation rated to
withstand twice the d.c. plate voltage. Either
mercury-vapor or high- vacuum rectifiers can be
used. The 15- volt breakdown voltage of the
former will introduce a slight error, since the
plate voltage must go at least 15 volts negative
before the rectifier will ionize, but the error is
inconsequential at plate voltages above a few
hundred volts.
The effectiveness of the monitor is improved
if it indicates at somewhat less than 100-per-cent
modulation, as it will then warn of the danger of
overmodulation before it actually occurs. It can
be adjusted to indicate at any desired modulation
percentage by making the meter return to apoint
on the power-supply bleeder as shown in the alternative diagram. The by-pass condenser, C,
insures that the full audio voltage appears across
the indicator circuit.
Mod
Trans

CLASS -CAMP
POWER SUPPLY

T
OClass-C
Amp.p/ate

PowerSupplq
ALTERNATIVE MET ER
RETURN

Fig. W-23— Negative-peak overmodulation indicator.
The milliammeter MA may be any low-range instrument ( up to 0-50 ma. or so). The ins el-se-peak-voltage
rating of the rectifier, V, must be at least twice the
il.. voltage applied to the plate of the r.f. amplifier.
The alternative meter-return circuit can be used to indicate modulation in excess of any desired value below
100 per cent. The reactance of the by-pass condenser,
C, at 100 cycles should be small compared with the resistance across which it is connected. An 8-afd. electrolytic condenser will be satisfactory if the resistance it
shunts is 1000 ohms or more.

CHAPTER 11

Frequency and
Phase Modulation
Although the most common type of modulation
is that in which the amplitude of the carrier is
varied, it is also possible to convey intelligence
by varying the frequency or phase of the carrier.
The primary advantage of frequency modulation ( FM) or phase modulation ( PM) over
amplitude modulation ( AM) comes from the
fact that noise or " static," whether natural or
set up by electrical machines, is fundamentally
an amplitude effect. An AM detector responds
to noise just as readily as to the desired modulation on a signal. However, if the receiving
system responds principally to frequency or
phase changes and is insensitive to amplitude
variations, it will give normal reception of an
FM or PM signal but noise will be greatly
reduced.
The improvement that can be realized by
using FM or PM instead of AM depends on
the strength of the received signal, the character of the noise, and the way the noise is
distributed over the receiver passband. In
general, the wider the channel occupied by the
signal the better the noise suppression.
On the lower frequencies FM and PM are
often used because they cause less interference
than AM in unshielded broadcast receivers in
the vicinity.
Frequency Modulation
Fig. 11-1 is a representation of frequency
modulation. When a modulating signal is
applied, the carrier frequency is increased
during one half- cycle of the modulating signal
and decreased during the half- cycle of opposite polarity. This is indicated in the drawing by the fact that the r.f. cycles occupy less
time ( higher frequency) when the modulating
signal is positive, and more time ( lower frequency) when the modulating signal is negative. The change in the carrier frequency
(frequency deviation) is proportional to the
instantaneous amplitude of the modulating
signal, si the deviation is small when the
instantaneous amplitude of the modulating
signal is small, and is greatest when the modulating signal reaches its peak, either positive
or negative. That is, the frequency deviation
follows the instantaneous changes in the amplitude of the modulating signal.
As shown by the drawing, the amplitude of
the signal does not change during modulation.

Phase and Frequency
To understand the difference between FM
and PM it is necessary to appreciate that the frequency of an alternating current is determined
by the rate at which its phase changes. A current
in which the phase changes rapidly has ahigher
frequency than one in which the phase changes
slowly. For example, if the phase moves through
360 degrees in one second the frequency is one
cycle per second, but if the phase moves
through 1080 degrees in one second (3 X 360
degrees) there are three complete cycles in one
second.
If the phase of the current in a circuit is
changed — this might be done by adjusting
the tuning of an amplifier tank circuit, for
example — there is an instantaneous frequency
change during the time that the phase is being
shifted. The amount of frequency change, or
deviation, depends on how rapidly the phase
shift is accomplished. It is also dependent
upon the total amount of the phase shift. In a
properly-operating PM system the amount of
phase shift is proportional to the instantaneous
amplitude of the modulating signal. The rapidity of the phase shift is directly proportional
to the frequency of the modulating signal.
Consequently, the frequency deviation in PM
is proportional to both the amplitude and frequeiH•v of the modulating signal. The latter
II

I,

(
A)
II
wavesho,oe ornalukding Signal

(3)

(c)
e
Fig. 11-1 — Graphical representation of frequency
modulation. In the unmodulated carrier at A, each r.f.
cycle occupies the same amount of time. When the
modulating signal, B, is applied, the radio frequency is
increased and decreased according to the amplitude and
polarity of the modulating signal.
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represents the outstanding difference between
FM and PM, since in FM the frequency
deviation is proportional only to the amplitude
of the modulating signal.
Modulation Depth
In FM or PM there is no condition that
corresponds exactly to overmodulation in AM.
"Percentage of modulation" has to be defined
a little differently for these systems. Practically, " 100- per-cent modulation" is reached
when the transmitted signal occupies achannel
just equal to the bandwidth for which the
receiver is designed. If the channel occupied is
wider than, the receiver can accept, the receiver distorts the signal and the end effect is
much the same as overmodulation in AM.
However, on another receiver designed for a
different bandwidth the same signal might be
equivalent to only 25-per-cent modulation.
In amateur work no specifications have been
set up for channel width except in the case of
"narrow-band" FM or PM (frequently abbreviated /MI), where the channel width is
defined as being the same as that of aproperlymodulated AM signal. That is, the channel
width for NFM does not exceed twice the highest audio frequency in the modulating signal.
NFM transmissions based on an upper audio
limit of 3000 cycles therefore should occupy a
channel no wider than 6 kc.
FM and PM Sidebands

At the same deviation with 3000-cycle modulation the index would be 1; at 100 cycles it would
be 30. and so on.

The modulation index is also equal to the
phase shift in radians. In PM the index is
constant regardless of the modulating frequency; in FM it varies with the modulating
frequency, as shown in the previous example.
To identify any particular FM system, the
limiting modulation index — that is, the ratio
of the maximum carrier-frequency deviation to
the highest modulating frequency used — is
called the deviation ratio.
Fig. 11-2 shows how the amplitudes of the
carrier and the various sidebands vary with
the modulation index. This is for single-tone
modulation; the first sideband (actually apair,
one above and one below the carrier) is displaced from the carrier by an amount equal to
the modulating frequency, the second is twice
the modulating frequency away from the
carrier, and so on. For example, if the modulating frequency is 2000 cycles and the carrier
frequency is 29,500 Ice., the first sideband pair
is at 29,498 kc. and 29,502 kc., the second pair
is at 29,496 kv. and 29,504 kc., the third at
29,494 kc. and 29,506 kv., etc. The amplitudes
of these sidebands depend on the modulation
index, not on the frequency deviation. In AM,
regardless of the percentage of modulation (so
long as it does not exceed 100 per cent) the
sidebands would appear only at 29,498 and
29,502 kc. under the same conditions.
Note that, as shown by Fig. 11-2, the carrier
strength varies with the modulation index.
(In amplitude modulation the carrier strength
is constant; only the sideband amplitude

It might be surmised that the channel
occupied by an FM or PM signal is no greater
than the frequency deviation on both sides
of the carrier. Similar reasoning applied to
amplitude modulation would lead to the
conclusion that an AM signal takes up
no more space than the carrier alone,
1.0
since only the amplitude of the carrier
08
varies. However, the fact is that both
FM and PM set up sidebands, just as 01
os
AM does. In the case of FM and PM,
single-tone modulation sets up a whole
02
series of pairs of sidebands that are haro
monically related to the modulating frequency, whereas in AM there is only one
-02
pair of sidebands.
1.0
2D
The number of " extra" sidebands
MODULATION INDEX
that occur in FM and PM depends on
Fig.11 2— Ihw the amplitude of the pairs
the relationship between the modulating
0

3.0

Id sidehands varies
with the modulation index in an FM or PM signal. If the curves

frequency and the carrier frequency
were extended for greater values of modulation index it would he
deviation. The ratio between the freseen that the carrier amplitude goes through zero at several
points. '1'he same statement also applies to the sidebands.
quency deviation, in cycles per second,
and the modulating frequency, also in
varies.) At a modulation index of approxicycles per second, is called the modulation
mately 2.4 the carrier disappears entirely and
index. That is,
then becomes " negative" at a higher index.
Carrier frequency deviation
Modulation index=
This simply means that its pitase is reversed as
Modulating frequency
compared to the pitase without modulation.
Example: The maximum frequency deviation
In FM and PM the energy that goes into the
in an FM transmitter is 3000 cycles either side
sidebands is taken from the carrier, the total
of the carrier frequency. The modulation index
power remaining the same regardless of the
when the modulating frequency is 1000 cycles is
modulation index. In AM the sideband power
3000
Modulation index = — = 3
is supplied by the modulator in the case of
1000
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plate modulation, and by changing the power
input and efficiency in the case of grid-bias
modulation.
The curves of Fig. 11-2 can be carried out
to considerably-higher modulation indexes, in
which case it will be discovered that more and
more additional sidebands are set up and
that the carrier goes through several " zeros"
and reversals in phase.
Frequency Multiplication
In frequency or phase modulation there is no
change in the amplitude of the signal with
modulation, consequently an FM or PM signal can be amplified by an ordinary Class C
amplifier without distortion. The modulation
can take place in a very low-level stage and
the signal can then be amplified by either
frequency multipliers or straight amplifiers.
The audio power required for modulating an
FM or PM transmitter is negligible.
If the modulated signal is passed through
one or more frequency multipliers, the modulation index is multiplied by the same factor
that the carrier frequency is multiplied. For
example, suppose that modulation is applied on
3.5 Mc. and the final output is on 28 Mc. The
total frequency multiplication is 8 times, so
if the frequency deviation is 500 cycles at 3.5
Mc., it will be 4000 cycles at 28 Mc. Frequency
multiplication offers a means for obtaining
practically any desired amount of frequency
deviation, whether or not the modulator itself
is capable of giving that much deviation
without distortion.
Where FM or PM is used in crowded
'phone bands ( particularly below 29 Mc.) it is
of utmost importance that the transmissions
should occupy a channel no wider than would
be occupied by an AM signal. It is evident
from Fig. 11-2 that this requirement can be
met only by using a relatively small modulation index. It must be realized that the higherorder sidebands always are present, even at
very small indexes. If the modulation index
(with single- tone modulation) does not exceed about 0.6 the most important extra
sideband, the second, will be at least 20 db.
below the un modulated carrier level, and this
should represent an effective channel width
about equivalent to that of an AM signal. In
the case of speech, asomewhat higher modulation index can be used. This is because the
energy distribution in a complex wave is such
that the modulation index for any one frequency component is reduced, as compared to
the index with asine wave having the same peak
amplitude as the voice wave.
The chief advantage of narrow-band FM or
PM for frequencies below 30 Mc. is that it eliminates or reduces certain types of interference
to broadcast reception. Also, the modulating
equipment is relatively simple and inexpensive.
However, assuming the same unmodulated
carrier power in all eases, narrow- band FM
or PM is not as effective as AM. As shown

by Fig. 11-2, at an index of 0.6 the amplitude of the first sideband is about 25 per cent
of the unmodulated-carrier amplitude; this
compares with asideband amplitude of 50 per
cent in the case of a 100-per-cent modulated
AM transmitter. In other words, so far as
effectiveness is concerned, a narrow- band FM
or PM transmitter is about equivalent to a
100-per-cent modulated AM transmitter operating at one-fourth the carrier power.
Comparison of FM and PM
The methods used by amateurs for the
reception of FM or PM signals ( see receiving
chapter) are for the most part better adapted to
frequency modulation than to phase modulation. On a receiver properly adjusted for FM
reception the outstanding difference between
the two systems is that FM sounds natural,
while aPM signal lacks " lows." This is because,
for a given receiver bandwidth, the audio
output from a receiver set for FM reception is
proportional to the frequency deviation. In
FM transmission the deviation is the same for
all audio frequencies of the same amplitude,
but in PM the deviation is proportional to the
audio frequency. Hence if a j000-cycle modulating signal of given amplitude results in a
certain frequency deviation, a 100-cycle modulating signal of the same amplitude will give
only one-thirtieth as much deviation. The
crystal-filter receiving method described in
the receiving chapter overcomes this, but is not
used by many amateurs because the adjustment
is somewhat critical.
Frequency modulation cannot be applied to
an amplifier stage, but phase modulation can.
PM is therefore readily adaptable to transmitters employing oscillators of high stability
such as the crystal- controlled type. The
amount of phase shift that can be obtained
with good linearity is limited to about onehalf radian; in other words, the maximum
practicable modulation index is 0.5 at the
radio frequency at which the modulation takes
place. Because the phase shift is proportional
to the modulating frequency, this index can
be used only at the highest frequency present
in the modulating signal, assuming that all
frequencies will at one time or another have
equal amplitudes. Taking 3000 cycles as a
suitable upper limit for voice work, and
setting the modulation index at 0.5 for 3000
cycles, the frequency response of the speechamplifier system above 3000 cycles must be
sharply attenuated, to prevent sideband splatter. Also, if the " tinny" quality of PM as
received on an FM receiver is to be avoided,
the PM must be changed to FM, in which
the modulation index decreases in inverse
proportion to the modulating frequency. This
requires shaping the speech-amplifier frequency- response curve in such a way that the
output voltage is inversely proportional to
frequency, at least over the voice range. When
this is done the maximum modulation index
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can only be used at the lowest audio frequency,
approximately 100 cycles in voice transmission, and must decrease in proportion to the
increase in frequency. The result is that the
maximum linear frequency deviation is only
about 50 cycles, when PM is changed to FM.
To increase the deviation to 3000 cycles requires a frequency multiplication of 3000/50,
or 60 times.
In contrast, it is relatively easy to secure a
fairly- large frequency deviation when a selfcontrolled oscillator is frequency-modulated
directly. (True frequency modulation of a
crystal-controlled oscillator results in only

very small deviations and so requires a great
deal of frequency multiplication.) The chief
problem is to maintain asatisfactory degree of
carrier stability, since the greater the inherent stability of the oscillator the more
difficult it is to secure a wide frequency swing
with linearity. However, it is possible, with a
compromise design, to secure a frequency
deviation of 3000 cycles at all amateur frequencies on which FM is permitted. It is very
easy to do so at 14 Mc. and higher, especially
when the oscillator frequency is such that a
frequency multiplication of 4 or more is possible.

Methods of Frequency and Phase Modulation

•FREQUENCY

MODULATION

tance C8 corresponds to C1 in Fig. 11-3; it represents the input capacitance of the tube. ( It is
possible, also, to omit C1 from Fig. 11-3 and
depend upon the input capacitance of the 6L7
instead; the only disadvantage is that there is
then no control over the modulator sensitivity.
Likewise, a3-30-dd. trimmer condenser can
be connected at C8 in Fig. 11-4 to permit controlling the sensitivity.) In Fig. 11-4 the r.f.
circuit is series- fed, which is advantageous if
the r.f. tube and the modulator can be operated
at the same plate voltage. The use of different
plate voltages on the two tubes calls for the
parallel-feed arrangement shown in Fig. 11-3.
The modulated oscillator usually is operated
on a relatively low frequency, so that a high
order of carrier stability can be secured. Frequency multipliers are used to raise the frequency to the final frequency desired. The
frequency deviation increases with the number
of times the initial frequency is multiplied; for
instance, if the oscillator is operated on 6.5
Mc. and the output frequency is to be 52 Mc.,
an oscillator frequency deviation of 1000 cycles
will be raised to 8000 cycles at the output
frequency.

The simplest and most satisfactory device
for amateur FM is the reactance modulator.
This is a vacuum tube connected to the r.f.
tank circuit of an oscillator in such away as to
act as a variable inductance or capacitance.
Fig. 11-3 is a representative circuit. The control-grid circuit of the 6L7 tube is connected
across the small capacitance, CI,which is in
series with the resistor, RI,across the oscillator tank circuit. Any type of oscillator circuit may be used. The resistance of R1 is made
large compared to the reactance of C1, so the
r.f. current through RIC' will be practically in
phase with the r.f. voltage appearing at the
terminals of the tank circuit. However, the
voltage across C1 will lag the current by 90
degrees. The r.f. current in the plate circuit of
the 6L7 will be in phase with the grid voltage,
and consequently is 90 degrees behind the
current through C1,or 90 degrees behind the
r.f. tank voltage. This lagging current is drawn
through the oscillator tank, giving the saine
effect as though an inductance were connected
across the tank. The frequency increases in
proportion to the amplitude of the lagging plate current of the modulator. The
+B
value of plate current is determined by
the voltage on the No. 3grid of the 6L7;
RFC
hence the oscillator frequency will vary
when an audio signal voltage is applied
to the No. 3 grid.
If, on the other hand, C1 and R1 are
AI Input
interchanged and the reactance of C1 is
made large compared to the resistance of
C4
R4
-=.
RI,the r.f. current in the 6L7 plate cirC3
R3
cuit will lead the oscillator- tank r.f. voltage, making the reactance capacitive
rattier than inductive.
A circuit using a receiving- type r.f.
pentode of the high-transconductance
type, such as the 6SG7, is shown in Fig. Fig. 11-3 — Reactance-modulator circuit using a 6L7 tube.
11-4. In this case, both r.f. and audio are C
llf. tank capacitance. CI — 3-30 µJI
M.C2 — 220 midd.
applied to the control grid. The audio
:3 — 8- mfd. electrolytic (a.f. by-pass) in parallel milli 0.01 5 f11.
paper (
ri.
voltage, introduced through a radio10 5 M. eleetrol> li.- in parallel with 0.01 mfd. paper.
frequency choke, RFC ,varies the trans- C4
— ILL tank induct.inee
R2, R5 — 0.47 megolim.
conductance of the tube and thereby It — 1.7,000 ohni-.
Iti — 330 ohms.
33,000 ohm-.
RFC — 2.5 nth.
varies the r.f. plate current. The capaci-

FREQUENCY AND PHASE MODULATION
A reactance modulator can be connected to
a crystal oscillator as well as to the selfcontrolled type. However, the resulting signal
is more phase-modulated than it is frequencymodulated, for the reason that the frequency
de'viation that can be secured by varying the
tuning of acrystal oscillator is quite small.
V

Cz
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not more than 10 or 15 volts, even with large
modulator tubes. Because of these modest requirements, only afew speech-amplifier stages
are needed; a two-stage amplifier consisting of
apentode followed by atriode, both resistancecoupled, will more than suffice for crystal
microphones.

•PHASE

MODULATION

The same type of reactance-tube circuit
that is used to vary the tuning of the oscillac,
tor tank in FM can be used to vary the tuning of an amplifier tank and thus vary the
RFC
phase of the tank current for PM. Hence the
modulator ejrcuits of Figs. 11-3 and 11-4 can
R3
R4 C,
be used for PM if the reactance tube works
on an amplifier tank instead of directly on a
AiInput self-controlled oscillator.
▪
I
R2
The phase shift that occurs when acircuit
+8
r.r
is detuned from resonance depends on the
amount of detuning and the Q of the circuit.
Fig. 11-4— Reactance modulator using a high- transconductance pentode (6SG7, 6AG7, etc.).
The higher the Q, the smaller the amount of
Ci — R.f. tank capacitance (see text).
detuning needed to secure a given number of
CZ, C3 — 0.001-pfd. mica.
degrees of phase shift. If the Q is at least 10,
C4, CS, C6 — 0.0047-dd. mica.
the relationship between phase shift and deC7 — 10-dd. electrolytic.
Cs — Tube input capacitance (
see text).
tuning (In kilocycles either side of the resonant
• R2 — 0.47 megohm.
frequency) will be substantially linear over a
113 — Screen dropping resistor; select to give proper
range of about 25 degrees. From the standscreen voltage on type of modulator tube used.
point of modulator sensitivity, the Q of the
Rs — Cathode bias resistor; select as in case of R3.
• — R.f. tank inductance.
tuned circuit on which the modulator operates
RFC — 2.5-mh. r.f. choke.
should be as high as possible. On the other
hand, the effective Q of the circuit will not be
Design Considerations
very high if the amplifier is delivering power
The sensitivity of the modulator (frequency
to a load. since the load resistance reduces the
Q. There must therefore be a compromise bechange per unit change in grid voltage) depends
on the transconductance of the modulator
tween modulator sensitivity and r.f. power outtube. It increases when CI is made smaller, for
put from the modulated amplifier. An optimum
a fixed value of RI,and also increases with an
figure for Q appears to be about 20; this
increase in L/C ratio in the oscillator tank
allows reasonable loading of the modulated
circuit. Since the carrier stability of the oscilamplifier and the necessary tuning variation
lator depends on the L/C ratio, it is desirable
can be secured from a reactance modulator
to use the highest tank capacitance that will
without difficulty. It is advisable to modulate
at a very low power level — preferably in a
permit the desired deviation to be secured while
transmitter stage where receiving-type tubes
keeping within the limits of linear operation.
are used.
When the circuit of Fig. 11-3 is used in connection with a 7- Mc, oscillator, a linear deviation
Reactance modulation of an amplifier stage
of 1500 cycles above and below the carrier
usually also results in simultaneous amplitude
frequency can be secured when the oscillator
modulation. This must be eliminated by feedtank capacitance is approximately 200 µdd.
ing the modulated signal through an amplitude
A peak a.f. input of two volts is required for
limiter or one or more " saturating" stages —
full deviation.
that is, amplifiers that are operated Class C
A change in any of the voltages on the moduand driven hard enough so that variations in
lator tube will cause a change in r.f. plate curthe amplitude of the grid excitation produce
rent, and consequently a frequency change.
no appreciable variations in the final output
amplitude.
Therefore it is advisable to use aregulated plate
power supply for both modulator and oscillaFor the same type of reactance modulator,
tor. At the low voltages used (250 volts) the
the speech-amplifier gain required is the same
required stabilization can be secured by means
for PM as for FM. However, as pointed out
of gaseous regulator tubes.
earlier, the fact that the actual frequency
deviation increases with the modulating audio
Speech Amplification
frequency in PM makes it necessary to cut off
The speech amplifier preceding the moduthe frequencies above about 3000 cycles before
lator follows ordinary design, except that no
modulation takes place. If this is not done,
power is required from it and the al. voltage
unnecessary sidebands will be generated at
frequencies considerably away from the carrier.
taken by the modulator grid usually is small —
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Reactance- Modulator Unit for Narrow- Band FM
to the unit, thus the microphone connector can
The FM speech-amplifier and modulator
unit shown in Figs. 11-5 and 11-6 uses a be placed in any convenient location on the
VFO unit itself. Once the proper setting of the
pentode reactance modulator in acircuit which
is basically that of Fig. 11-4. It differs only
in the detail that the audio signal is applied to
the control grid in parallel with the r.f. voltage
from the oscillator, instead of the series- feed
arrangement shown in Fig. 11-4. Because of
the parallel feed, resistor Ra is incorporated in
the circuit to prevent r.f. from appearing in the
plate circuit of the speech-amplifier tube.
The unit uses miniature tubes for the sake of
making a compact assembly that can be
mounted in any convenient spot near the VFO
tuned circuit. In Fig. 11-5 it is shown
mounted on the outside of the VFO case.
When this type of mounting is used the unit
should be placed so that the lead bet ween the
Fig. 11-6 -- Lnderneath the modulator unit. The r.f.
VFO tuned circuit and the modulator is as
conneethun to the
FO goes through the feed-through
short as possible. If there is space available, it
bushing at the left.
is preferable to mount the unit inside the VFO
gain control is found it need not be touched
cabinet.
The chassis for the unit is 4inches long by 2 again, so screwdriver adjustment is quite
adequate.
inches wide, and has a mounting lip 2 inches
The adjustment of reactance modulators is
deep. As shown in the photographs, it is formed
discussed in a later section in this chapter.
from apiece of aluminum with the edges turned
over to stiffen it. The various comModulator
Speech.Amp.
ponents are easily accommodated
C6
underneath. The r.f. leads should be
11
kept short and separated as much as
6BA6
To toned
possible from the audio and powercrrcurt
supply wiring.
uf Osc
Filament and plate power can usu-C°
ally be taken from the VFO supply,
RFC
since the total plate current is only a
few milliamperes. Filament current
required is 0.6 amp. The microphone
input is carried through ashielded lead

+ ISO 15-1fMni

1- 4t.
Tube

Connections to
electron- coupled
oscillator circuit

Connections to
serrestuned
oscillator circuit

Fig. 11-5 — Miniature react ance modulator that can
be used with any VFO. The shielded lead is for microphone input; the other two wires bring in filament and

plate supply.

Modulator

Fig. 11.r. - Circuit diagram of the narrow-band FM
modulator unit.
CI— 680 add. mica.
CO. C4 — 0.01-mfd. paper, 400 volts.
CO— 0.025-pfd. paper, 200 volts.
Ca, Cs — 47-umfd. mica.
RI— 1.2 megohms, 2 %salt.
112, Rs — 0.22 megolun,
2 watt.
113 — 0.5-megohni potenti lllll eter.
R4 —
0.1 megolint,
watt.
Ra — 10,000 ohms, '
2 matt.
0.47

megoliiii,

R6

-

117

— 390 ohms,

RFC — 2.5-mh.

ne alt.

2watt.
r.f. choke.
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FREQUENCY AND PHASE MODULATION
Checking FM and PM Transmitters
\ccurate checking of the operation of an
F.\ l or PM transmitter requires different
methods than the corresponding checks on an
AM set. This is because the common forms of
measuring devices either indicate amplitude
variations only (a d.c. milliammeter, for example), or because their indications are most
easily interpreted in terms of amplitude. There
is no simple instrument that indicates frequency
deviation in a modulated signal directly.
However, there is one favorable feature in
NI or PM checking. The modulation takes
place at avery low level and the stages following the one that is modulated do not affect the
linearity of modulation so long as they are
properly tuned. Therefore the modulation may
be checked without putting the transmitter on the
air, or even on adummy antenna. The power is
simply cut off the amplifiers following the
modulated stage. This not only avoids unnecessary interference to other stations during testing periods, but also keeps the signal at such a

To Mod Grid
Resistor

8

Fig. 11-8 — Mr. method of checking frequency deviat
.
of a reactance- tube-modulated oscillator. A 500or I000-ohni potentiometer may be used at R.

low level that it may be observed quite easily
on the station receiver. A good receiver with a
crystal filter is an essential part of the checking
equipment of an FM or PM transmitter, particularly for narrow- band FM or I'M.
The quantities to be checked in an FM or PM
transmitter are the linearity and frequency
deviation. Because of the essential difference
between FM and I'M the methods of checking
differ in detail.
Reactance- Tube FM
It was explained earli,r that in FM the frequency deviation is the same at any audio modulation frequency if the audio signal amplitude
does not vary. Since this is true at any audio
frequency it is true at zero frequency. Consequently it is possible to calibrate a reactance
modulator by applying an adjustable d.c.
voltage to the modulator grid and noting the
change in oscillator frequency as the voltage
is varied. A suitable circuit for applying the
adjustable voltage is shown in Fig. 11-8. The
battery, B, should have a voltage of 3 to 6
volts ( two or more dry cells in series). The
arrows indicate clip connections so that the
battery polarity can be reversed.
The oscillator frequency deviation should be
measured by using a receiver in conjunction
with an accurately-calibrated frequency meter,
or by any means that will permit accurate

measurement of frequency differences of afew
hundred cycles. One simple method is to tune
in the oscillator on the receiver (disconnecting
the receiving antenna, if necessary, to keep the
signal strength well below the overload point)
and then set the receiver b.f.o. to zero beat.
Then increase the d.c. voltage applied to the
modulator grid from zero in steps of about Y2
volt and note the beat frequency at each
change. Then reverse the battery terminals and
repeat. The frequency of the beat note may be
measured by comparison with a calibrated
audio- frequency oscillator, or by comparison
with a piano or other musical instrument
(see miscellaneous data chapter for frequencies
of musical tones). Note that with the battery polarity positive with respect to ground
the radio frequency will move in one direction
when the voltage is increased, and in the other
direction when the battery terminals are reversed. When a nuniber of readings has been
taken a curve may be plotted to show the relationship between grid voltage and frequency
deviation.
A sample curve is shown in Fig. 11-9. The
usable portion of the curve is the center part
which is essentially astraight line. The bending
at the ends indicates that the modulator is no
longer linear; this departure from linearity will
cause harmonic distortion and will broaden the
channel occupied by the signal. In the example, the characteristic is linear 1.5 kc. on
either side of the center or carrier frequency.
This is the maximum deviation permissible at
the frequency at which the measurement is
made. At the final output frequency the deviation will be multiplied by the same number of
times that the measurement frequency is multiplied. This must be kept in mind when the
check is made at afrequency that differs from
the output frequency.
A good modulation indicator is a " magiceye" tube such as the 6E5. This should be connected across the grid resistor of the reactance
modulator as shown in Fig. 11-10. Note its deflection ( using the d.c. voltage method a.s in
c

1

1000
I

3
à

0

/
1000

0000 7
-3

„,

-2

-1

0

+I

+2

+3

Grid-Valle Deviation
From Operating Bias
Fig. 11-9 — A typical curve of frequency deviation ra.
modulator grid voltage.
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Fig. 11-8) at the maximum deviation to be
used. This deflection represents " 100-per-cent
modulation" and with speech input the gain
should be kept at the point where it is just
reached on voice peaks. If the tiansmitter is
used on more than one band, the gain control
should be marked at the proper setting for
each band, because the signal amplitude that
gives the correct deviation on one band will
be either too great or too small on another. For
narrow-band FM the proper deviation is approximately 2000 cycles ( based on an upper
a.f. limit of 3000 cycles and a deviation ratio
of 0.7) at the final output frequency. If the output frequency is in the 29- Mc. band and the
oscillator is on 7 Mc., the deviation at the
oscillator frequency should not exceed 2000,4,
or 500 cycles.
Checking with a Crystal- Filter Receiver
With PM the d.c. method of checking just
described cannot be used, because the frequency deviation at zero frequency also is zero.
For narrow-band PM it is necessary to check
the actual width of the channel occupied by the
transmission. ( The same method also can be
used to check FM.) For this purpose it is
necessary to have a crystal-filter receiver and
an a.f. oscillator that generates a 3000- cycle
sine wave.
To Grid
1Meg
Speech- Amp
Gain Control

+250V

Fig. 11-10-6E5 modulation indicator for FM or PM
modulators. To insure sufficient grid voltage for agood
deflection, it may be necessary to connect the gain
control in the modulator grid circuit rather than in an
earlier speech-amplifier stage.
Keeping the signal intensity in the receiver
at amedium level, tune in the carrier at the output frequency. Do not use the a.v.c. Switch on
the beat oscillator, and set the crystal filter at
its sharpest position. Peak the signal on the
crystal and adjust the b.f.o. for any convenient
beat note. Then apply the 3000- cycle tone to
the speech amplifier ( through an attenuator,
if necessary, to avoid overloading; see chapter
on audio amplifiers) and increase the audio
gain until there is a small amount of modulation. Tuning the receiver near the carrier
frequency will show the presence of sidebands
3 ke. from the carrier on both sides. With
low audio input, these two should be the only
sidebands detectable.
Now increase the audio gain and tune the
receiver over a range of about 10 kc. on both
sides of the carrier. When the gain becomes high
enough, asecond set of sidebands spaced 6 kc.
on either side of the carrier will be detected.

The signal amplitude at which these sidebands
become detectable is the maximum speech amplitude that should be used. If the 6E5 modulation indicator is incorporated in the modulator,
its deflection with the 300u- cycle tone will
be the " 100-per-cent modulation" deflection
for speech.
When this method of checking is used with a
reactance-tube modulated FM ( not PM) transmitter, the linearity of the system can be
checked by observing the carrier as the a.f. gain
is slowly increased. The beat-note frequency
will stay constant so long as the modulator
is linear, but nonlinearity will be accompanied
by a shift in the average carrier frequency
that will cause the heat note to change in
frequency. If such a shift occurs at the same
time that the 6-kc. sidebands appear, the extra
sidebands may be caused by modulator distortion rather than by an excessive modulation
index. This means that the modulator is not
able to shift the frequency over awide-enough
range. The 6-kc. sidehands should appear
before there is any shift in the carrier frequency.
R.F. Amplifiers
The r.f. stages in the transmitter that follow
the modulated stage may be designed and adjusted as in ordinary operation. In fact, there
are no special requirements to be met except
that all tank circuits should be carefully tuned
to resonance ( to prevent unwanted r.f. phase
shifts that might interact with the modulation
and thereby introduce hum, noise and distortion). In neutralized stages, the neutralization should be as exact as possible, also to
minimize unwanted phase shifts. With FM and
PM, all r.f. stages in the transmitter can be
operated at the manufacturer's maximum
c.w.-telegraphy ratings, since the average
power input does not vary with modulation as
it does in AM ' phone operation.
The output of the transmitter should be
checked for amplitude modulation by observing the antenna current. It should not change
from the unmodulated-carrier value when the
transmitter is modulated. If there is no antenna ammeter in the transmitter, a flashlight
lamp and loop can be coupled to the final tank
coil to serve as acurrent indicator. If the carrier amplitude is constant, the lamp brilliance
will not change with modulation.
Amplitude modulation accompanying FM
or PM is just as much to be avoided as frequency or phase modulation that accompanies
AM. A mixture of AM with either of the other
two systems results in the generation of spurious sidebands and consequent widening of the
channel. If the presence of AM is indicated by
variation of antenna current with modulation,
the cause is almost certain to be nonlinearity in
the modulator. In very wide- band FM the selectivity of the transmitter tank circuits may cause
the amplitude to decrease at high deviations,
but this is not likely to occur on amateur frequencies at which wide-band FM would be used.

CHAPTER 12

Reduced-Carrier And
Single-Sideband
Transmitting Techniques
The most significant development in amateur
radiotelephony in the past several years has been
the increased use of single-sideband suppressedcarrier transmissions. This system has tremendous potentialities for increasing the effectiveness
of ' phone transmission and for reducing interference. Because only one of the two sidebands
normally produced in modulation is transmitted,
the channel width is immediately cut in half.
However, when only one sideband is transmitted
the carrier — which is essential in dual ) 1(•-sidcband transmission — no longer is
; it
can be supplied without too much difficulty : it the
receiver. 1Vith the carrier eliminated there is a
great saving in power at the transmitter — or,
from another viewpoint, agreat increase in effective power output. Assuming that the same fi na
amplifier tube or tubes are used either for normal
AM or for single-sideband, carrier suppressed, it
can he shown that the use of SSI1 gives an effective gain of at least 9 ( lb. over AM — equivalent
to increasing the transmitter power 8 times.
Eliminating the carrier also eliminates t
he heterodyne interference that wrecks so much communication in congested ' phone bands.

•SUPPRESSING

In any of the circuits, there will be no output
with no audio signal because the circuits are balanced. The signal from one tube is balanced or
cancelled in the output circuit by the signal from
the other tube. The circuits are thus balanced for
any value of parallel audio signal. When push-pull
audio is applied, the modulating voltages are of

f#F
f- F

THE CARRIER

The carrier can be suppressed or nearly eliminated by an extremely sharp filter or by using a
balanced modulator. The basic principle in any
balanced modulator is to introduce the carrier in
such away that it does not appear in the output
but so that the sideltands will. This requirement
is satisfied by in
t
he audio in push-pull
and the r.f. drive in parallel, and connecting the
output ( plate circuit) of the tubes in push-pull,
as shown in Fig. 12-1A. Balanced modulators
can also be connected with the r.f. drive and
audio inputs in push-pull awl the output in
parallel ( Fig. 12-1B) with equal effectiveness. The
choice of abalanced modulator circuit is generally
determined by constructional eonsiderations and
the method of modulation preferred by the
builder. Screen-grid modulation is shown in the
examples in Fig. 12-1, but control-grid or plate
modulation can be used equally as well. Balancedmodulator circuits using four rectifiers ( germanium, copper oxide, or thermionic) in " bridge" or
"ring" circuits are often used, particularly in
commercial applications.

Fig. 12-1 — Two example-. of balanced-modulator circuits using screen-grid modulation. In A the r.f. excitation is in parallel in both tubes, and the audio and output are in pushpull. In B the excitation and audio are
in pushpull, the output is in parallel. In either case, the
carrier frequency,
does not appear in the output circuit — only the two sideband frequencies, f
F and
f — F, will appear. The bias fed to the screens is a
practical requirement with all screen-grid tubes for
proper linear operation, and is not aspecial requirement
of balanced modulators.
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opposite polarity, and one tube will conduct more
than the other. Since any modulation process is
the same as " mixing" in receivers, sum and difference frequencies ( sidebands will be generated.
The modulator is not balanced for the sidebands, and they will appear in the output.
The amount of carrier suppression is dependent
upon the matching of the two tubes and their
associated circuits. Normally two tubes of the
same type will balance closely enough to give at
least 15 or 20 db. carrier suppression without any
adjustment. If further suppression is required,
trimmer condensers to balance the grid-plate
capacities and separate bias adjustments for setting the operating points can be used.

•

DOUBLE-SIDEBAND REDUCED.
CARRIER TRANSMISSIONS

Double-sideband reduced-carrier signals, obtained by unbalancing a balanced modulator
sufficiently to allow some carrier to appear in the
output, offer a number of advantages over conventional AM signals: considerably higher efficiency, where efficiency is defined as the ratio
of sideband (useful) power output to total power
input; high output with comparatively little
audio power; and a considerable reduction in
heterodyne interference. The signal can be received by ordinary methods, and merely sounds
as though it had " a lot of modulation for the
carrier."
In ordinary amplitude-modulated systems, the
sideband amplitude can never exceed 0.5 the
carrier amplitude without generating spurious
side frequencies ( when sine-wave modulation is
used). Under these conditions, 9 of the total
power is in the carrier and 3. is in the sidebands.
However, with DSRC, generated by the unbalancing of abalanced modulator, it is possible
to have any amplitude of sidebands without
generating spurious side frequencies. In practica!
tests it has been found that a modulation factot
of 4 is perfectly practical, and the distortion
under normal demodulation is not enough to
impair the communication value of the signal.
Under these conditions, the sideband power is
2
times as great as could be obtained with
straight A3 transmission ( grid-modulated) with
the same tubes, or about ¡..jof what could be
obtained with the same tubes plate-modulated
100 per cent. Since the audio-power requirements
can be kept low, and the no-modulation plate
current may be only alittle more than half of th(
full-signal plate current, the advantages of DSRC
are obvious for work where the total power available is limited, as in mobile or portable work.
A DSRC signal can be generated at alow power
level and amplified in alinear amplifier (discussed
later in this chapter). Under these conditions, a
relatively powerful signal can be obtained with a
minimum of audio power and total power input.
(For further informat ion on DSRC, see Grammer, " D.S.R.C. Radiotelephony," QST, May,
1951, and Grammer, " Praetieal
I
). 8.1t.C.
Transmitter Design," QST, June, 1950
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•

GENERATORS

SINGLE-SIDEBAND

Two hasie sVstelns for generating SSB signals
are shown in Fig. 12-2. One involves the use of a
bandpass filter having sufficient selectivity to pass
one sideband and reject the other. Filters having
such characteristics can only be constructed for
relatively low frequencies, and most filters used
by amateurs are designed to work somewhere between 10 and 20 kc. Good sideband filtering can
be done at frequencies as high as 500 kc. by using
multiple-crystal filters. The low- frequency oscillator output is combined with the audio output
of a speech amplifier in a balanced modulator,
and only the upper awl lower sidebands appear
in the output. One of the sidebands is passed by
the filter and the other rejected, so that an SSB
signal is fed to the mixer. The signal is there
mixed with the output of a high-frequency r.f.
oscillator to produce the desired output frequency. For additional amplification alinear r.f.
amplifier (Class A or Class B) must be used.

Low-Freq.
RI
Oscillator

re=

Sideband
Filter

Balanced
Modulator

1.1111

Mixer

Linear
R.F.
Amplifier

Flieh - Freq.
R.F
Oscillator

AF
Amphher

Balanced
Modulator

cc=

A. F.
Amplifier

Phase- shift
Network

90.Phase
DIfterence

,'near
RF
Amphlet
Bala nced
Modulator

R.F
Oscillator

90- R.F.

Phase
Shift
Netwak

Fig. 12-2 —
basic systems for generating singlesidehand suppres ed-earrier signals.

When the SSB signal is generated at. 10 or 20 ke.,
it is generally first heterodyned to somewhere
around 500 kc. and then to the operating frequency. This simplifies the problem of rejecting
the " image" frequencies resulting from the
heterodyne process. The problem of image frequencies in the frequency conversions of SSB
signals differs from the problem in receivers because the beating-oscillator frequency becomes
important. Either balanced modulators or
sufficient selectivity must be used to eliminate
the possibility of unwanted radiations.
The second system is based on the phase relationships between the carrier and sidebands in a
modul:ttl signal. As shown in the diagram, the
audio signal is split into two co finponi.ri tsthat are
ident ica Iexcept for a phase difference of 90 de-
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grecs. The output of the r.f. oscillator ( which may
be at the operating frequency, if desired) is likewise split into two separate components having a
90-degree phase difference. One r.f. and one audio
component are combined in each of two separate
balanced modulators. The carrier is suppressed in
the modulators, and the relative phases of the
sidebands are such that one sideband is balanced
out and the other is accentuated in the combined
output. If the output from the balanced modulators is high enough, such an SSB exciter can
work directly into the antenna, or the power
level can be increased in afollowing amplifier.
Which is the better method of generating an
SSB signal, the filter or the phasing method, is a
controversial question. Properly adjusted, either
system is capable of good results. Arguments in
favor of the filter system are that it is somewhat
easier to adjust without an oscilloscope, since it
requires only a receiver and a v.t.v.m. for alignment, and it is more likely to remain in adjustment over along period of time. The chief argument against it, from the amateur viewpoint, is
that it requires quite afew stages and at least one
frequency conversion after modulation. The
phasing system requires fewer stages and can be
designed to require no frequency conversion, but
its alignment and adjustment are often considered to be alittle " trickier" than that of the filter
system. This probably stems from lack of familiarity with the system rather than any actual
difficulty. In most cases the phasing system will
cost less to apply to an existing transmitter.
Regardless of the method used to generate a
SSB signal of 5 or 10 watts, the minimum cost
will be found to be higher than for an AM trans'mitter of the same low power. However, as the
power level is increased, the SSB transmitter
becomes more economical than the AM rig, both
basically and from an operating standpoint.

•AMPLIFICATION

OF SSB SIGNALS

When an SSB signal is generated at some frequency other than the operating frequency, it is
necessary to change frequency by heterodyne
methods. These are exactly the same as those
used in receivers, and any of the normal mixer
or converter circuits can be used. One exception
to this is the case where the original signal and the
heterodyning oscillator are not too different in
frequency (as when heterodyning a 20-kc. signal
to 500 kc.) and, in this case, a balanced mixer
should be used, to eliminate the heterodyning
oscillator frequency in the output and thus reduce
the chances for spurious signals appearing in the
output.
To increase the power level of an SSB signal,
a linear amplifier must be used. The simplest
form of linear amplifier ( r.f. or audio) is the Class
A amplifier, which is used almost without exception throughout our receivers and our lowlevel speech equipment. While its linearity can be
made phenomenally good, it is unfortunately
quite inefficient. The theoretical limit of efficiency
in this case is 50 per cent, while most practical
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amplifiers run 25-35 per cent efficient at full output. At low levels this is not worth worrying
about, but when the 2- to 10-watt level is exceeded something else must be done to improve
this efficiency and reduce tube, power-supply and
operating costs.
Class B amplifiers are theoretically capable of
78.5 per cent efficiency at full output, and practical amplifiers run at 60-70 per cent efficiency at
full output. Tubes normally designed for Class B
audio work can be used in r.f. linear amplifiers
and will operate at the same power rating and
efficiency provided, of course, that the tube is
capable of operation at the radio frequency. The
operating conditions for r.f. are substantially the
same as for audio work — the only difference is
that the input and output transformers are replaced by suitable r.f. tank circuits. Further, in
r.f. circuits it is readily possible to operate only
one tube if only half the power is wanted — pushpull is not a necessity in Class B r.f. work.
However, the r.f. harmonics will be higher in
the case of the single-ended amplifier, and this
should be taken into consideration if TVI is a
problem.
In afew instances, Class B r.f. amplifier ratings
of tubes are given in the tube books, and the
efficiency shown will be about 33 per cent. These
ratings are for use when carrier is present and do
not apply to SSB suppressed-carrier operation.
The Class B audio ratings are abetter indication
of what can be expected.
For proper operation of Class B amplifiers, and
to reduce harmonics and facilitate coupling, the
input and output circuits should not have a low
C-to-L ratio. A good guide to the proper size of
tuning condenser is Figs. 6-9 and 6-17 and,
in case of any doubt, it is well to be on the highcapacity side. If zero-bias tubes are used in the
Class B stage, it may not be necessary to add
much " swamping" resistance across the grid
circuit, because the grids of the tubes load the
circuit at all times. However, with other tubes
that require bias, the swamping resistor should
be such that it dissipates from five to ten times
the power required by the grids of the tubes. This
will insure an almost constant load on the driver
stage and good regulation of the grid voltage of
the Class B stage.
Before going into detail on the adjustment and
loading of the Class B linear amplifier, a few
general considerations should be kept in mind. If
proper operation is expected, it is essential that
the amplifier be so constructed, wired and neutralized that no trace of regeneration or parasitic
instability remains. Needless to say, this also applies to the stages driving jt.
The bias supply to the Class B linear amplifier
should be quite stiff. A Class C stage thrives on
grid-leak bias, but for really good operation the
Class B should be supplied from a very stiff
source, such as batteries or some form of voltage
regulator. If nonlinearity is noticed when testing
the unit, the bias supply may be checked by
means of a large electrolytic capacitor. Simply
shunt the supply with 100 pfd. or so of capacity
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and see if the linearity improves. If so, rebuild
the bias supply for better regulation. Do not rely
on alarge condenser alone.
Adjustment of Amplifiers
The two critical adjustments for obtaining
proper operation from the linear amplifier are
the plate loading and the grid drive. Since these
adjustments are preferably made with power on,
it is a matter of practical convenience to have
both controls readily available, at least during
initial tune-up.
The 'scope can show misadjustment at aglance
and will greatly facilitate all adjustments. In
addition, it is the most reliable instrument for
observing modulation amplitude and, once used,
is likely to become the most nearly essential instrument in the shack. Nothing ela , i)r : t
t
e is
needed.
With single sideband, 100 per cent modulation
with a single tone is a pure r.f. output with no
modulation envelope, and the point of amplifier
overload is difficult to observe. However, if the
input signal consists of two sine waves of different
frequencies ( for example, 1000 c.p.s. difference)
but equal amplitudes, the output of the singlesideband transmitter should have the envelope

Fig. 12-3 — Oscilloscope pattern obtained with atwotone test signal through a correctly-adjusted linear
amplifier.
shown in Fig. 12-3. This is called a " two-tone"
test signal to distinguish it from other test signals.
Its first advantage lies in the fact that any flattening of the positive peaks is readily discernible,
which makes the adjustment of the linear-amplifier drive and output coupling as simple a procedure as that for AM systems. Flattening of the
peaks ( to be avoided) is illustrated in Fig. 12-4.
Those who use the filter method for obtaining
single-sideband signals can obtain such a test
signal by mixing the output of two audio oscillators of good waveform. The experimenters using
the phasing method of single-side-band signal
generation will recognize the pattern as that obtained when asingle test tone is applied to one of
their balanced modulators. For this latter group
a two-tone test signal may be readily obtained
by disabling one of the balanced modulators in
the exciter and applying a single input tone.
Other variations are possible in different exciters,
and the final choice of any one operator will be
dictated by convenience.
Suppose that the linear amplifier has been

coupled to adummy load and the single-sideband
exciter has been connected to its input. By observing the oscilloscope coupled to the amplifier
output, it will be possible to adjust the drive and
output coupling so that the peaks of the two-tone
test signal waveform are on the verge of flatten-

Fig. 12-4 — Flattening of the peaks of the two-tone
test signal indicates ilistortion. It is caused by overdrive
or insufficient plate loading.
ing. The peak input power may now be checked.
This is readily possible, for with the two-tone test
signal applied, the peak input power will be 1.57
times the d.c. power input to the linear amplifier.
Should this be different from the design value
for the particular linear amplifier, the drive and
loading adjustments can be quickly changed in
the proper direction ( always adjusting the loading
so that the peaks of the envelope are on the verge
of flattening) and the proper value reached.
As a final check, before coupling the linear
amplifier to the antenna, the single-sideband
operator will do well to check the linearity of the
system, since distortion in the linear amplifier.
(for that matter, in any of the r.f. amplifiers)
probably will result in the generation of sidebands
on the side that was suppressed in the exciter.
Here again the two-tone test signal will be of
great help, since distortion of the signal will be
readily recognized. A check of the bias supply
has already been recommended. The next most
likely form of distortion will be caused by curvature of the tube characteristic near cut-off, and
will be recognizable from atwo-tone test pattern
that looks like Fig. 12-5. A slight readjustment
of bias (or applying a few volts of positive or
negative bias, in the case of zero-bias tubes) will
usually straighten out the kink that exists where
the pattern crosses the zero axis. Make this ad-

Fig. 12-5 — The distorted two-tone test-signal pattern
obtained when the bias voltage is incorrect.
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justment with special care, however, because the
dissipation of the tubes with no input signal will
be very sensitive to this adjustment. There are
a few tubes that will not permit this adjustment
to be carried to the point where the kink is entirely eliminated without exceeding the rated
plate dissipation.
The antenna may now be coupled to the linear
amplifier until the plate input with the excitation
as determined above is the same as that obtained
with the dummy load. The operator can now feel
that the system has been adjusted for optimum
performance.
(For further reading on linear amplifiers, see
Long, " Sugar-Coated Linear-Amplifier Theory,"
QST, October, 1951.)

• VOICE- CONTROLLED

BREAK-IN

Although it is possible for two SSB stations
operating on widely different frequencies to
work " duplex" if the carrier suppression is great
enough ( inadequate carrier suppression would
be a violation of the FCC rules), most SSB
operators prefer to use voice-controlled break-in
and operate on the same frequency. This overcomes any possibility of violating the FCC rules

and permits three or more stations to engage in
a"round table." Voice-controlled break-in is not
popular with straight AM because turning the
carrier on and off at a syllabic rate results in a
"keyed" type of heterodyne interference that is
particularly annoying.
Many various systems of voice-controlled
break-in are in use, but they are all basically the
same. Some of the audio from the speech amplifier
is amplified and rectified, and the resultant d.c.
signal is used to key an oscillator and one or more
stages in the SSB transmitter and " blank" the
receiver at the time that the transmitter is on.
Thus the transmitter is on at any and all times
that the operator is speaking but is off during the
intervals between sentences. The voice-control
circuit must have a small amount of " hold"
built into it, so that it will hold in between words,
but it should be made to turn on rapidly at the
slightest voice signal coming through the speech
amplifier. Both tube and relay keyers have.been
used with good success. Most voice-control
systems require the use of headphones by the
operator, but aloudspeaker can be used with the
proper circuit. ( See Nowak, " Voice-Controlled
Break-In. . . . And a Loudspeaker," QST,
May, 1951.)

A Phasing- Type SSB Exciter
The exciter shown in Figs. 12-6, 12-8 and 12-10
is an excellent unit for the amateur who might
like to try single-sideband with a minimum of
cost and effort. It requires r.f. driving power from
one's present exciter and apower supply. It will
deliver SSB output in the 3.9- Mc. ' phone band,
either to an antenna for local work or to an r.f.
amplifier adjusted for linear operation. The operating frequency can be varied over a wide range
without seriously impairing the adjustment.
Provision is made for transmitting either the
upper or the lower sideband.
The schematic of the exciter is shown in Fig.
12-7. Four 6V6 tubes are used as balanced modulators. The plate circuit of the balanced modulators uses a push-pull-parallel arrangement. The
grids of one pair of balanced modulators are fed
through a phase-shift network consisting of a
300-ohm resistor and an inductance that is adjustable to 300 ohms reactance at the operating
frequency. The grids of the second pair of balanced modulators are fed through a phase-shift
network consisting of a 300-ohm resistor and a
condenser which is adjustable to 300 ohms reactance at the operating frequency. The input
impedance of the two phase-shift networks in
parallel is 300 ohms.
Each balanced-modulator tube grid is fed
through ablocking condenser and provided with
grid-leak bias. The bias circuit of each balanced
modulator is made adjustable for control of the
carrier suppression. Provision is also made for the
addition of fixed bias, in case the exciter is used
in a voice-controlled circuit where the r.f. excitation is removed during listening periods.
Screen modulation is used, and the screen of

each modulator tube is by-passed to ground for
r.f. A transformer with acenter-tapped secondary
is used in the output of each audio amplifier to
provide push-pull modulating voltages.
A reversing switch, Si, allows switching to
either the upper or lower sideband. If this switch
has acenter " off" position, it will facilitate using
the " two-tone test" procedure mentioned earlier.
A voltage divider is inserted between each output
of the audio phase-shift network and the corresponding amplifier grid. One of these voltage
dividers is made variable to provide for balancing
of the two audio channels. The network constants
are compensated for the load of these dividers.

Fig. 12-6— A small single-sideband exciter that includes voice-controlled break-in. Receiving-type tubes
are used throughout.
Microphone input and audio gain control are at the
left-hand side of the front — the switch selects the upper
or lower sideband. ( Revised version, W2UNJ, Aug.,
1949, QS T.)
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Fig. 12-7 — Circuit diagram of the single-sideband exciter.
1113-Ris — 10,000 ohms.
CrCs — See Table 12-1.
11 17, Rig — 15,000-ohm potentiometer, wire%
I.
C7 — 150- 55 1d. air padder condenser.
Ca — Approx. 400-ggfd. per section, b.c. receiver tuning
Rio — 7500 ohms, 10 watts.
condenser.
R20. R21 — 680 ohms, 2 watts.
Cg — .
001- 51d. 1000-volt mica.
All resistors 1-watt unless specified otherwise.
Li — 25 turns No. 28 ella in. closewound at mounting
— . 001- 51d. 500-volt mica.
end of slot of National X11-50 slug- tuned form.
Cis, C20 — 4-pfd. 150-volt electrolytic.
111-118 — See Table 12-1.
L2 — 40-meter 75-watt tank coil with swinging link
(Bud OLS-40).
R7, Rs — 300 ohms, 5 watts (5 1500-ohm 1- watt in
RFC' — 2.5-mh. r.f. choke.
parallel).
— D.p.d.t. toggle, preferably with center off. Set.
Ro — 0.5 megohm linear volume control.
text.
Rio — 0.47 megohm.
T1, T2 — 5-watt modulation transformer, 10,000 ohms
1111 — 0.75 megohm.
e.t. to 4000 ohms (Stancor A-3812).
1112 — 0.24 megohm.

Speech Amplifier and Voice Con tro/
The speech amplifier is designed to attenuate
both low and high frequencies, amplifying only
the audio range required for good intelligibility.
The wiring diagram is shown in Fig. 12-9. The
output of the speech amplifier is coupled to the
input of the audio phase-shift network .through
atransformer with acenter- tapped secondary, to
provide push-pull audio for the phase- shift network.
Part of the output of the speech amplifier is
taken off through an adjustable voltage divider
circuit and blocking condenser to the voicecontrol circuit. There it is rectified by the diodes
of the 6SQ7, and the resulting d.c. voltage is used .
to charge C14 negative. An audio choke prevents

audio components from appearing across C14 .
The triode section of the 6SQ7 is normally conducting and bob hog the relay closed, but.when
the negative voltage appears across C14 the
6SQ7 plate current is cut off and the relay opens.
When the audio signal is removed, C14 discharges
through !? i5 and the triode again conducts, closing
the relay.
The Audio Phase Shift Network

The audio phase-shift network requires close
matching of resistance and capacity values and,
to do this economically, advantage is taken of
the fact that resistors and condensers in junk
boxes and in stock at local dealers vary considerably from their nominal values.
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TABLE 12-1
Phase- Shift Network Design Data

Part
Ci
C2

Ca
C5
Cs
RI

Norn
I
0.001
0.002
0.006
0.005
0.01
0.03
100,000

Target
Value

Veasured
1-alue

0.00105
0.00210
0.00630
0.00475
0.00950
0.0285
100 =

(Cm')
(Cm2)
(Cm3)

R2

50,000

R3

15,000

Cmi
105 =
Gina
100

100,000

Cma
453 =

Ra

50,000

476 =

RC

15,000

Cue.
151 =

(Cm4)
(Cms)

(Cme)

Cr114

Cuts
All condensers mica, and all resistors 1 watt.

Table 12-I is used in selecting the network
components. The procedure is to collect as many
resistors and condensers as possible with nominal
values as indicated in the second coltunn of the
chart. Measure all of the condensers first, and
select the six condensers whose measured values
are closest to the " target values" in the third
column. Enter the measured values of these condensers in the fourth column of the chart. Then
calculate the " target values" for the resistors and
select the six resistors whose measured values are
closest to these target values.
A capacity bridge, of the type used by servicemen, and agood ohmmeter should give sufficient
accuracy in selecting the network components.
Absolute accuracy is not important, if the components are all in correct proportion to each other.
A difference in percentage error between the resistance measurements and the capacitance measurements will merely shift the operating range of
the network. The network components are
mounted on a small sheet of insulating material
to facilitate wiring.

shield can that mounts directly behind the
balanced- modulator tubes. The shield can is
grounded to the chassis through the spare pins of
its plug. The voltage regulator tube is mounted
to the left of the shield can, and the 6SQ7 voicecontrol tube is to the right. The components in
the voice-control circuit are mounted under the
chassis at the rear.
Associated Equipment
The r.f. input impedance of the exciter is
300 ohms, but a link line of lower characteristic
impedance will operate satisfactorily for the
short distance usually required. A means for
adjusting the r.f. driving power is desirable. A
surplus Command set transmitter ( BC-696 or
T- 1
9/ARC-5 ), operating at low plate voltages,
makes an ideal r.f. source, but any VFO or crystal
oscillator with a few watts output will do.
The plate voltage for the speech amplifier must
not be taken from the same point in the power
supply that furnishes voltage for the 6K6 amplifiers, since interaction may occur that will upset
the phase relationship at the output of the two
6K6s. If separate plate voltage sources are not
available, an added filter section may be used to
isolate the voltage to the speech amplifier.
The built-in voice-controlled relay can be used
in a number of ways to provide the rapid voice
break-in commonly used on 3.9- Mc. SSI3 ' phone.
If a good c.w. break-in system is already in use
at the station, the voice-control relay contacts
may be substituted for the key, and no other
changes are necessary.
If the local oscillator in the receiver will
key in the plate voltage lead satisfactorily, then
asimple voice break-in system may be obtained
by using the relay contacts to shift the plate
voltage from the receiver local oscillagor to the
VFO. A drifting receiver oscillator must he
avoided in this system, however.
Operating Conditions
If voice control is not used, and d.c. operating
voltages are removed when excitation is removed

Construction
The exciter and its associated audio equipment
are assembled on a 13 by 17 by 2-inch aluminum
chassis. The four 6V6 balanced-modulator tubes
are arranged in asquare pattern toward the front
center of the chassis, with the plate tuning condenser and coil off to one side and the 6K6 audio
amplifier tubes on the other. The two modulation
transformers are under the chassis directly below
the plate tuning condenser. The speech amplifier
is arranged along the left-hand side of the chassis,
with the 6SJ7 at the rear and the output transformer on the top of the chassis at the front. The
audio phase-shift network is below the output
transformer.
The reactive components of the r.f. phasing
network, L1 and C7, are mounted in a plug-in

Fig. 12- 8— A rear view of the phasing-type exciter.
The two r.f. phasing adjustments project from the
shield can. The potentiometer shaft at the left seta the
voice-control threshold level. The jack is for the keyed
circuit, the r.f. connector takes the excitation cable,
and the octal socket is for the power cable.
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Fig. 12-9— NI iring diagram of the speech amplifier and voiee-control circuit.
Ci — 100-ppfd. mica or ceramic.
R3, RI2 — 910 ohms.
C2, C7, CII
4-pfd. 150-volt electrolytic.
R4 — LO megohm.
Cg — .
02-pfd. 400-volt paper.
Rs — 0.27 megohm.
C4, Cu — 8-pfd. 450-volt electrolytic.
Rs — 27,000 ohm..
CO— 270• Itprd. mica or ceramic.
R7 — 0.5-megolifil volume control.
Cs —.001-pfd. mica or ceramic.
Rs — 2700 ohm-.
Cg — .
0033- mfd. mica or ceramic.
RIO, Ria — ROM ohms, 1watt.
Ris — 0.47 megolim.
Cis —. 002-pfd. mica or ceramic.
RI4 — I5,000-ohm volume control.
Cl2 — . 005. µ fd. ceramic or mica.
All resistors /2watt unless specified otherwise.
CIO — .
01-pfd.
olt paper or ceramic.
Ti — 5-watt modulation transformer, 10,000 ohms c.t.
CI4 — .
5-pfd. 200- volt paper.
to 4000 ohms ( Stancor A-3812).
Ri, Its — 0.1 megohm.
Li— Small filter or audio choke ( Stancor C-1707).
R2 — 2.2 megohm.
Ryi — Sensitive 10,000-ohm relay.

for stand-by, then no fixed bias is required on the
balanced modulators and ajumper can be placed
across the bias terminals. When excitation is removed with d.c. voltages applied, as in voicecontrolled operation, then 412 volts of fixed bias
should be used to limit t
lie plate and screen currents on the balanced modulators.
With 400 volts applied to the balanced- modulator plates and 250 volts to all other plate supply
inputs, the operating currents will be approximately as follows:
Total balanced-modulator plate current 85 ma.
VR tube supply current
20 ma.
Total 6K6 amplifier current
62 ma.
Total speech amplifier current
12 ma.
The total balanced-modulator grid current,
measured at the bias terminals, will vary with
excitation, but it should be in the range 3to 5ma.
These currents will not change appreciably
with varying audio input and, with the exception
of the grid current, will not change appreciably
when the excitation is removed, provided that
4h volts of fixed bias is used on the balancedmodulator grids.
The exciter may be coupled directly to an
antenna for use as a low-power transmitter, but
most amateurs will wish to use it to drive abuffer
or final amplifier. All stages following the exciter
must be operated under Class A, AB, or B conditions. In general, the correct operating conditions
for stages following the exciter may be found by

referring to the audio operating conditions for the
tube under consideration. Grid-bias and screen
voltages should have very good regulation. For
amateur voice operation, tubes may be operated
considerably beyond the ratings given in the tube
manuals, as discussed later. Vhen the r.f, amplifier is operated Class AB2, the grid tank circuit
will require shunting by a resistor in order to
provide better regulation of the exciting voltage.
The value of this resistor is not critical and may
be determined by experiment.
Adjustment

Adjustment of the exciter is best made under
actual operating conditions. Connect the exciter
to the transmitter, load the exciter with adummy
load, apply r.f, excitation, feed sine-wave audio
into the speech amplifier, and tune in the conventional way for maximum output.
Reduce the audio input to zero, and adjust
potentiometers Ru and Ris for minimum carrier
output. Minimum carrier output may be determined by any sensitive r.f. indicator coupled
to the final-amplifier plate circuit. A 0-1 milliammeter, in series with a crystal detector and a
two- turn coupling loop, will make a satisfactory
indicator. The meter should be by-passed with a
0.005-ad. condenser. If a null indication cannot
be obtained within the range of the potentiometers, the 6V6 tubes are not evenly matched.
Exchanging the positions of the 6V6s may aid in
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the screen, the same indication as is
given by an unmodulated carrier. This
is illustrated in Fig. 12-11. If carrier
output, or unwanted sideband output,
is present, it will be indicated by " ripple" on the top and bottom edges of the
oscilloscope picture. A small amount of
ripple can be tolerated, but if the exciter is badly out of adjustment, the output will appear to be heavily modulated.
Adjustment with the 'scope is accomplished by adjusting all controls to obtain the smallest possible amount of
ripple. The oscilloscope may also be
used for continuous monitoring during
transmissions to avoid overloading of
any stage of the transmitter. OverloadFig. 12- 10— Underneath the chassis of the exciter. The two po
tentiometers are the bias balancing controls, R17 and Ris.
ing is indicated by a flattening of the
modulation-peak patterns at the top
and bottom. In observing these patterns, it is
obtaining the balance, or other tubes may have
difficult to separate the effects of sideband and
to be used.
carrier suppression. However, considered sepaAfter the carrier balance is obtained, tune in
rately, sideband or carrier suppression of 30 db.
the r.f. source on the station receiver, and with
would give a3per cent ripple, 25 db. aripple of 6
the antenna terminals shorted, and the crystal
per cent, and 20 db. a 10 per cent ripple. Harselectivity in sharp position, adjust the crystal
monics present in the audio modulating signal will
phasing to the point where only one sharplymodify the results and invalidate this test if
peaked response is obtained as the receiver is
they run more than 1per cent.
tuned through the signal. Now apply sine-wave
The exciter is capable of driving any pair of
audio of about 1500-cycle frequency to the speech
beam tubes commonly used in amateur transamplifier, and find the two sidebands on the
mitters, or any pair of triodes in Class ABl. A
receiver. Three distinct peak indications will be
buffer stage will ordinarily be required to drive
observed on the S-meter as the receiver is tuned.
Set the receiver on the weaker of the two sideClass- B triodes.
bands and adjust Lt, C7 and R9 for minimum
sideband strength. If suppression of the other
sideband is desired, throw SI to its ut her position.
A dip obtained with one set ot adjustments is not
necessarily the minimum. Other combinations
should be tried. The final adjustment should give
S-meter readings for the two sidebands which
differ by at least 30 db. The bias voltage on all
four balanced modulator tubes will be approximately equal.
After the adjustments have been completed,
the r.f. drive to the exciter should be adjusted to
the point where a decrease in drive will cause a
decrease in output, but an mercase in drive will
not cause an increase in output. The complete
adjustment procedure should then be rechecked.
The rig is then ready for a microphone, an antenna, and an on-the-air tesL
If an oscilloscope is available, a simpler and
more reliable adjustment procedure may be used.
Either linear or sine-wave horizontal sweep may
be used on the oscilloscope. The vertical input
should be coupled to the autput of the transmitter in the same manner as is used for observing
amplitude modulation. The sine-wave audioFig. 12-11 — Sketches of the oscilloscope face showing
frequency input to the speech amplifier should
different conditions of adjustment of the exciter unit.
be any convenient multiple of the oscilloscope
(A) shows the substantially clean carrier obtained when
sweep frequency. A 60-cycle sweep frequency and
all adjustments are at optimum and asine-wave signal
a600-cycle audio frequency are commonly used.
is fed to the audio input. (B) shows improper r.f. phase
and unbalance between the outputs of the two balanced
When the exciter is modulated with a single
modulators. (C) show« improper r.f. phasing but outputs
sine- wave audio frequency, the output should be
of the two balanced modulators equal. ( D) shows proper
a single radio frequency. Therefore, the oscillor.f. phasing but unbalance between outputs of two
scope should show a straight-edged band across
balanced modulators.

(A)

(3)

(c)

(D)
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A Crystal- Filter SSB Exciter

The exciter uses aquartz crystal filter operating
at 450 kc. (or vicinity). The filter allows a passband of 300 to 3000 cycles; the sideband rejection
should run 35-40 db. over 300 to 3000 cycles. At
no time within the reject range is the rejection
less than 30 db.; at some places it approaches 60
db. Suppression of the carrier is obtained without
the use of balanced modulators,
and the stability of suppression is
excellent. Crystals suitable for use
in the filter are available on the
war surplus market for less than
one dollar each. The most useful
of these crystals are in the series
that runs from 375 to 525 ke.
in 1.388-kc. steps; this series
is marked at 72 times the crystal frequency in a
series of channels from 28.0 to 38.0 Mc. The
crystals were manufactured by Western Electric
for the Signal Corps, and are of the plated variety,
mounted in an FT-241A holder. The holder pins
have Y2inch spacing. The crystals may be socketmounted or soldered directly into the filter at the
builder's discretion.
The filter is of bridge design with complex entry
and terminating sections. The complex sections
are used to suppress the carrier and modify the
response characteristics of the bridge. Fig. 12-12
shows the filter proper, set for rejection of the
upper sideband. The transformer, TI, is a replacement-type 455-kc. inter-stage i.f. transformer, mica-tuned, and air-cored. 7'2 is also a

replacement type, designed to feed into a diode
detector.
The original filter Was designed to operate at a
carrier frequency of 450 ke., although the filter
will work at frequencies between 425 and 490
lm without alteration of the circuit or transformers. Under the condition of design for 450-kc.

12-12 — Th, 150-k.•. quartz ero - tul lifter used for
sideband and carrier rejection.
Ci, Cz, C4, Cs — 100-aafd. mica or ceramic.
C3— 3. to 30-aafd. ceramic trimmer.
Ti — 455-kc, interstage i.f. transformer ( Meissner
16-6659).
T2— 455-kc. diode i.f. transformer ( Meissner 16-6660).
For a carrier frequency of 450 kc., the crystals
are:
CrystalR
C
D
Iligh-freq. reject 452.8 kc. 448.6 kc. 450.0 Le.
Low-freq. reject 417.2 kc. 451.4 kr. 450.0 Le.

carrier, crystal " B " is 2.78 kc. higher than 450
kc., or 2 channels higher in the crystal series.
Crystal " C" is 1.39 1:c. lower than 450 kc., or 1
channe] lower. Crystal " D" is 450 kc. Crystal
"A," also at 450 kc., is used in acrystal oscillator
AMPLIFIER
6A67

BALANCED MIXER
65N7
2

OSCILLATOR MODULATOR

6K8

T4

T3

3
SINGLE OR
DUAL FILTER

Output

as per
FIG

12-11

or 12-15

VF O.Ó INPUT
(6-8 votts)

R3
%MW

J

+ 300
0

C3

Fig. 12 13 — Complete
Ci, C2, C3, C8, C7 — 0.1-afd. 400-volt paper.
C4, C8 — 39-aafd. ceramic.
C8 — 100-apfd. variable air condenser.
C9— 0.02- afd. 600-volt mica.
Cio — 0.01-afd. 400-volt paper.
Cx — Trimmers in T3.
RI— 0.47 megohm.
R2— 220 ohms.
R3, R11 — 20500 ohms, 1 watt.
R4. Ra — 0.1 megohm.
Re, R7, R8
10,000 ohms.

diagram of the crystal- filter SSB exciter.
R9 — 150 ohms, 1watt.
Rio — 1000 ohms.
RI2 — 47,000 ohms.
All resistors M watt unless specified otherwise.
Li— 2.5 mh. r.f. choke.
L2— 0.5-mh. r.f. choke.
Ta — 5- Mc, slug-tuned i.f. transformer.
T4— 5- Mc, slug-tuned i.f. transformer. Secondary removed and 8-turn link wound over cold end of
primary. All fixed capacitors removed.
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balanced mixer is used to remove the VFO component from the output tank. Balance is not
critical and no adjustments are required or provided. A VFO signal of about 6 to 8 volts is
required. The output of the mixer is fed to the
grid of a6AG7 which runs as aClass A tuned r.f.
amplifier. The output of the 6AG7 is sufficient to
drive a pair of 807s Class AB 2.Operation on 10
and 20 meters can be accomplished by heterodyning again to the desired band. Most VFOs in
use cover or may be easily made to cover 3400
to 3550 kc. A single untuned 6SJ7 or 6AC7 Class
A amplifier folliming tB('-221 might be used as
adriver for this
big. i2 -14 — The crystal- filter SSli exciter, as designed
for mobile work, complete with receiver converter and
FO. The top dish is the exciter ( with cover removed).
'Ile meter reads eat lwde current to apair of 807s driven
tlw unit, and t
lu t
aoknobs handle carrier reinsertion
and fiAG7 plate tuning. ( W1JEO/9, Nov., 1930, QST)
to generate the initial carrier. Channel markings
on these crystals are as follows:
"A" — 32.4 Mc., Channel 324
"B" — 32.6 Mc., Channel 326
"C" — 32.3 Mc., Channel 323
"13" — 32.4 Me., Channel 324
Any other group within the range of the i.f.
transformers may be utilized; only the channel
relationship need lw retained.
A diagram of the exciter proper is shown in
Fig. 12-13. The 6K8 hexode-triode serves as
450-kc. oscillator and audio mixer. Approximately
3 volts of audio is required at the signal grid of
the 618 for optimum results. The 6K8 delivers
a carrier (450 kc.) and sidebands to the input of
the filter. The filter rejects one sideband (depending upon the selection of crystals) and
delivers single-sideband energy to the 6SN7
mixer. The filter also suppresses the carrier some
60 db. below the peak sideband energy. The
68N7 mixer combines the single-sideband energy
tin the vicinity of 450 kc.) with the output. of the
VFO (3400 to 3550 kc.) and the sum products are
recovered in the output (3850 to 4000 ke.). The

Construction
The original transmitter was built for mobile
operation and much hole drilling and experimentation has occurred on the chassis. Mounting the
crystals on opposite sides of the transformers will
keep stray capacity coupling at a minimum. No
shielding other than that provided by the if. cans
and the output tank can is required. It is important that capacity coupling around the crystal
filter be minimized — in other words, no modulated signal must reach the 6SN7 mixer by any
route except through the filter. Before construction
is started, adecision must be made as to whether
or not choice of sidebands is desired. If choice of
sidebands is desired, adual filter using 5crystals
will be required. This filter is shown schematically
in Fig. 12-15. A double-section wafer switch
selects the upper or lower sideband. These wafer
sections must be separated by approximately 3
inches to minimize stray coupling. It is recommended that the crystals be wrapped with several
layers of adhesive tape and then strapped to the
chassis with metal brackets; connections may
then be made by soldering to the holder pins.
Alignment

Alignment of the ilt er is t
raightforward, and
once aligned it. will need little attention.
I ) Crystal " A" is first removed from the circuit. This crystal is best provided with a socket

T2

6K8 ( 2)
PLATE

5, A

Fig. 12-15
I'he double-channel crystal filter. All components are the same as in Fig. 12.12, except for the addition
of the d.p.d.t. wafer switch. Si. and the compensating condensers, G and C7 (3- to 30-aafd. ceramic). The trimmer
on the input side of T2 is set at minimum and the alignment procedure is followed with C6 or C7 wherever the instructions call for adjusting the input condenser.
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to 1.2 kc. higher than the
null and adjust C3 for miniFOR NULL
mum response.
ADJUST
ADJUST
TRIMMERS
1
10) Move the signal genC3 FOR
FOR PEAK
'MO
HERE
MINIMUM
erator higher until another
INPUT FOR
MAXIMUM
null is found; this will be
the series-resonant frequency
of crystal " B," approxiADJUST T,
mately 452.8 kc. with the
OUTPUT
crystals shown.
FOR NULL
ADJUST
A0Jusr C3
TRIMMERS
11) Continue approxiFOR MINIMUM
ADJUST
FoR PEAK
INPUT FOR
mately 32 kc. higher than
MANIMUM
this null and adjust the output trimmer on T1 slightly
Co
11
G;
r3
tt.
0
00..0
00
o 0 0 0 0 0 0 o
for moderate null.
0
000
o
O
0
0
000
000
12) Repeat Steps 7
2
2 2 2 2
2
te
t?
through 11 to compensate
for interaction, and alignment is complete.
Fig. 12-16 — An alignment chart of the crystal filter. The numbers in the circles
For alignment of the dual
correspond to the steps outlined in the text.
filter the procedure is identical but must be done once
mount so it can be removed during alignment.
for each sideband. However, when adjusting the
2) A calibrated signal generator covering the
filter for rejecting the lower sideband and where
crystal range is connected to the grid of the triode
Steps 1-12 mention " higher" you must insert
section of the 6K8.
"lower" and vice versa. The alignment chart,
3) A vacuum tube voltmeter is connected from
Fig. 12-16, will simplify the alignment procedure
grid to ground of one of the 68N7 grids.
on either filter.
4) Swing the signal generator through the crysThe slug-tuned i.f. transformer is peaked at
tal range until a maximum response is noted at
3930 kc. and then stagger-tuned slightly to prothe voltmeter. This will indicate the series-resovide coverage of the entire ' phone band. The
nant frequency of crystal " C" and with the crys6AG7 plate tank capacitor is adjustable from the
tals described, based on a450-kc. carrier, will be
front panel and is touched up when shifting freapproximately 448.6 kc.
quency, as in any transmitter amplifier stage.
5) Align all transformer trimmers for maxiMany variations of this basic exciter circuit are
mum response on this frequency.
possible. If abalanced modulator (using apair of
6) Next, adjust the signal generator slowly in
6K8s) is used, the carrier suppression is readily
the higher-frequency direction until anull is obobtained without close matching of crystals.
tained. This will be the series-resonant frequency
Other filter circuits can be used, as those shown
of crystal " D," 450 kc. with the crystals indicated.
in Good, " Crystal Filter for ' Phone Reception,"
7) Move the signal generator
kc. lower than
QST, October, 1951. For amore advanced design
this null and adjust the trimmer on the input
for a crystal- filter s.s.b. exciter, which includes
side of T2 for maximum response.
voice-control operation, see Weaver & Brown,
8) Return signal generator to null.
"Crystal Lattice Filters for Transmitting and
9) Move the signal generator approximately 1 Receiving," QST, August, 1951.
ADJUSt

T OuTPUT

2
.

7

0

.

0

A Two- Stage Linear Amplifier
The amplifier shown in Figs. 12-17, 12-19 and
12-20 is designed to follow a low-powered SSB
exciter. As can be seen from the wiring diagram,
Fig. 12-18, an 807 Class-A driver is used to excite
a pair of 811-As operating Class B. Only a few
watts is required to drive the 807, since it is never
operated with grid current and the driving power
is necessary only to overcome circuit losses. The
811-As will deliver about 180 watts peak with
1000 volts on the plates and 250 watts peak at
1200 volts. Operation as a linear amplifier for
SSB with 1500 volts on the plates is not recommended because the driver stage is likely to introduce too much distortion, although a small
amount of fixed bias (3-4
volts) on the grids
of the 811-As will permit c.w. operation at this
higher plate voltage.

The circuit is not unlike ordinary Class-C practice, except for the bias voltages involved. The
807 stage uses cathode bias, and the 811-As run
with zero bias (bias terminals short-circuited by
a jumper wire). The most important factor in
linear operation is the loading of the amplifiers,
and thus provision has been made for varying the
coupling on the 807 plate and the plates of the
811-As. The 807 loading is adjusted by varying
the position of the link coil in L3, and the link to
L6 if3 controlled from the front panel.
A low-inductance bypass condenser, C2, made
from a piece of coaxial line, helps to eliminate
parasitics in the 807 stage, as does returning the
screen bypass condenser, C3, to the cathode instead of to ground. Grid chokes, L4 and 1
4 ,were
found necessary to avoid high-frequency para.
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Fig. 12-17 — A two-stage linear amplifier for boosting
the power level of aSSB signal. Large knobs control the
antenna coupling and output plate tuning. The meters
indicate grid and plate currents of the pu-Ah pull 811-As
output stage.
sitie oscillations in the 811-A stage, as were resistors 23, R4 and 26. All wiring other than r.f.
was run in shield braid. Filament bypass condensers in the 811-A si.age were found to be
unnecessary.
Construction
The amplifier is built on a 13 by 17 by 3-inch
aluminum chassis. The panel is an aluminum
relay-rack panel, 15 3
4 -inches high, that is held to

Fig. 12-19 — A rear view of the linear amplifier. aowing
the push-pull 811-A •output amplifier and the 807 driver.
The cover of the rectangular shield can slides off for
access to the final grid coil. The round shield can, are for
the 807 grid and plate coils.

the chassis by the shaft bearings and meters, and
it is further braced by two strips of h6
g-inch
brass.
The grid coil for the 807 plugs in to a socket
mounted at the rear of the chassis and shielded
by an ICA No. 1549 3-inch diameter aluminum
shield can.
CLASS -BAMP.

CLASS ADRIVER

L3
L2 RG-59/U

VG -II /U

RU -55/ U

RFC 2

J,
I
nput 4.300

4-600

+1000

Output -

Fig. 12-18 — Wiring diagram of the linear amplifier.
Ra — 2700 ohms, 4watts (4 2700-ohm in sees ..parallel)
114, Rs — 20 ohms, 2 watts.
Ra — 1000 ohms, 1 watt.
All resistors are composition, not wirewizund.
L4, LO— 9 turns No. 12 enam., 4inch diameter, 1%
inches long.
Jr — Input connector (Jones S- 101-D).
.12 — Coaxial- line connector ( Amphenol 83-110.
MA I — 0-50 milliammeter.
MA2 — 0-500 milliammeter.
RFC' — 23-mh. 125-ma. r.f. choke.
RFC2 — 250 ah. 75nia. r.f. choke ( Millen 34300).
RFCa — 5-mh. 300-ma. r.f. choke (National R300S).
Ti — 6.3-volt 10 amp. transformer (Staneor P-6308).

Ct — 144:1-µ ttfd. variable ( Millen 19140).
C2 — 13-mad. tubular, made of RG-58/U. Active
length, 6 inches.
C3, C4 — . 005-mfd. disc ceramic.
— 140-add. variable ( Millen 22140).
G; —
1200- volt mica.
G- — Dual variable, 100-apfd. per section ( Millen
24100).
Cs, Co — Disc. type neutralizing condensers with feed.
through base (Bud NC-853).
Coo — Dual vaciable, 200-eefd. per section, .
077-inch
spacing ( National MC-200D).
RI — 100 ohms, Y2 watt.
Ile — 680 ohms, 2watts.
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COIL TABLE FOR TWO-STAGE LINEAR AMPLIFIER

Rand
Li*
3.9
14
Ls*
3.9
14
Ls***
3.9
14
Low

Turns

Wire No.

Diam.

22)4'2
10

20 enam.
20 enam.

1
1

25
11

20 enam.
20 enam.

1
1

Length

ph.

Link

Spacing

%
,14

10
2.5

4
3

558
ha

11.2

4
3

11s

%%triable link mounts on the
jack bar and is controlled
from the panel.
Adjustment

With a signal from the exciter coupled through J1,and
e4.
2.5
34
plate and screen voltages on
the 807, it should be quite
22
22 eau'''.
1)(i
1.4
9.4
6
Adjustable
possible to drive the 811-A
12
18 enam.
1%
1J1',,
3.3
4
Adjustable
grid current off scale ( with no
3.9
22
16 enam.
2! ,
2%
1
20
3
Adjustable
plate voltage on the 811-As).
14
8 . 15 tubing
2 'r.;.
33
/1
2.3
3
Adjustable
Back off the excitation to
* Wound on Millen 45004 plug-in form.
about 25 ma. grid current and
** Wound on Millen 45005 plug-in form.
neutralize the 811-A stage by
*** National AR- 16-40S and AR- 16-20S. 75-ineter coil shunted by
adjusting Cs and Cg. The
l50- pfd. mica condenser.
*-'** 11 & %V 80'1'V L with 18 turns removed, and II it. NN 15TV I..
"flick" in grid current as C10
is tuned through resonance
can be used, but amore sensiThe plate coil plugs in to asocket mounted 4 tive indication, such as a crystal diode and 0-1
inches above the chassis. The plat form for the
milliammeter connected to arg, is to be preferred.
socket also shields the plate coil( tenser, Cs. AnCouple adummy load to Jg and apply plate volother 3-inch diameter shield can protects the 807
tage to the 811-As. Couple an oscilloscope to the
plate coil. The plate bypass condenser, C6,is
dummy load and apply a " two-tone" test signal to
mounted under the chassis near the 807 socket,
the unit, as described earlier in this chapter. The
and the lead from C5 and Lg is brought down to
811-A no-signal plate current should run around
it in shielded wire.
40 or 50 nut., depending upon the plate voltage.
The grid coil for the 811-As is shielded by an
Adjust the two-tone signal amplitude for 10 or 15
ICA No. 29842 4 by 5 by 6 aluminum utility
ma. grid current and resonate all circuits. Then
cal tinet. To simplify coil changing, the cabinet is
increase the excitation until the two-tone pattern
fastened to the chassis and a friction-fit cover is
just begins to flatten on the peaks. When using
made from apiece of sheet aluminum. The inside
1000 volts on the 811- As, this flattening should
lips on the top of the cabinet should be bent down
not occur before .11.4 3 indicates 160 ma. or so —
to allow more room for the hand that changes
with 1200 volts the current should run up to
coils.
190 nm, without noticeable flattening. If flattenThe output tank condenser, Cm ,is mounted on
ing occurs sooner, it indicates that the 811-A
the chtissis with aluminum brackets that also
stage should be coi led more tightly to its load,
.upport t
la iavk bar for the output coil, L6,The
or that the 807 stage is ¡ lot delivering enough
drive. It will probably be found that
the 811-A output
coupling is at fault.
;
7
4
e

•
Fig. 12-20— Underneath the chassis,
showing all but r.f.
leads in ,hield braid.
11.• leads
from lb.. -1,111—lator
grid comici,cr are
parasit ic

The coil.

CHAPTER 13

Transmission Lines
The place where r.f. power is generated is
very frequently not the place we're it is to be
utilized. A transmitter and its antenna are a
good example: The antenna, to radiate well,
should be high above the ground and should
be kept clear of trees, buildings and other objects that might absorb energy, but the transmitter itself is most conveniently installed
indoors where it is readily accessible. There
are numerous other instances where power
must be delivered from one point to another,
even though the distance may be only a few
feet.
The means by which power is transported
from one spot to another is the r.f. transmission
line. At radio frequencies a line exhibits en-

tirely different characteristics than it does at
commercial power frequencies. This is because
the speed at which electrical energy travels,
while tremendously high as compared with
mechanical motion, is not infinite. The peculiarities of r.f. transmission lines result from
the fact that an interval comparable wit h the
time of an r.f. cycle must elapse before energy
leaving one point in the circuit can reach
another just a short distance away.
The discussion to follow assumes that the
line consists of two parallel wires, separated
by a distance very small compared with the
wavelength. The Parallel- conductor line is not
the only type, but the same principles apply
t
o all varieties of lines.

Operating Principles
Suppose we have a battery and a pair of
parallel wires extending to a very great distance. At the moment the battery is connected
to the wires, electrons in the wire near the positive terminal will be attracted to the battery,
and the same number of electrons in the wire
near the negative battery terminal will be
repelled outward along the wire.
Thus a current flows in each wire near the
battery at the instant the battery is connected. However, a definite time interval will
elapse before these currents are evident at a
distance from the battery. The time interval
may be very small. For example, one- millionth
of a second (one microsecond) after the connection is made the currents in the wires will
have traveled 300 meters, or nearly 1000 feet,
from the battery terminals.
The current is in the nature of a charging
current, flowing to charge the capacitance between the two wires. But unlike an ordinary
condenser, the conductors of this " linear" condenser have appreciable inductance. In fact,
we may think of the line as being composed of
awhole series of small inductances and capacitances connected as shown in Fig. 13-1, where
each coil is the inductance of avery short section of one wire and each condenser is the
capacitance between two such short sections.

have an impedance
— called the characteristic impedance or surge
impedance — that is approximately equal to
•
VL/C, where L and C are the inductance and
capacitance per unit length. This impedance
is purely resistive.
In defining the characteristic impedance as
N/L/i7,it is assumed that the conductors have
no inherent resistance — that is, there is no
PR loss in them — and that there is no power
loss in the dielectric surrounding the conductors. In other words, it is assumed there is no
power loss in or from the line no matter how
great its length. This does not seem consistent
with calling the characteristic impedance a
pure resistance, which implies that power
supplied is all dissipated in the line. But in an
infinitely-long line the effect, so far as the
source of power is concerned, is exactly the
same as though the power were dissipated in
a resistance, because the power leaves the
source and travels outward forever along the
line.
The characteristic impedance determines
the amount of current that can flow when a
given voltage is applied to an infinitely-long
tlie puni 1iiia lii iJiIais to

A:

Characteristic Impedance
An infinitely-long chain of coils and condensers connected as in Fig. 13-1, where each
L is the same as all others and all the Cs have
the same value, has an important property.
To an electrical impulse applied at one end,

B1

C:

„ilarT
4ffiriào.e_._àu,ua,
T
Fig. 13-1 — Equivalent of atransmission line in lumped
circuit constants.
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line, in exactly the same way that a definite
value of actual resistance limits current flow
when a given voltage is applied.
The inductance and capacitance per unit
length of line depend upon the size of the conductors and the spacing between them. The
closer the two conductors and the greater
their diameter, the higher the capacitance and
the lower the inductance. A line with large
conductors closely spaced will have low impedance, while one with small conductors widely
spaced will have relatively high impedance.
"Watched" Lines
Actual transmission lines do not extend to
infinity but have a definite length and are
connected to, or terminate in, a load at the
"output" end, or end to which the power is
delivered. If the load is a pure resistance of a
value equal to the characteristic impedance of
the line, the current traveling along the line to
the load does not find conditions changed in
the least when it meets the load; in fact, the
load just looks like still more transmission line
of the same characteristic impedance. Consequently, connecting such a load to a short
transmission line allows the current to travel
in exactly the same fashion as it would on an
infinitely-long line.
In other words, ashort line terminated in a
purely-resistive load equal to the characteristic
impedance of the line acts just as though it
were infinitely long. Such a line is said to be
matched. In a matched transmission line,
power travels outward along the line from the
source until it reaches the load, where it is
completely absorbed.
R.F. on Lines
The discussion above, although based on
direct-current flow from a battery, also holds
when an r.f. voltage is applied to the line.
The difference is that the alternating voltage
causes the amplitude of the current at the
input terminals of the line to vary with the
voltage, and the direction of current flow also
periodically reverses when the polarity of the
applied voltage reverses. In the time of one
cycle the energy will travel a distance of one
wavelength along the line wires. The current
at a given instant at any point along the line
is the result of a voltage that was applied at
some earlier instant at the input terminals.
Hence the instantaneous amplitude of the
current is different at all points in aone-wavelength section of line; in fact, the current flows
in opposite directions in the same wire in adjacent half-wavelength sections. However, at
any given point along the line the current goes
through similar variations with time that the
current at the input terminals did.
The result of all this is that the current
(and voltage) travels along the wire as aseries
of waves having a length equal to the velocity
of travel divided by the frequency of the a.c.
voltage. On an infinitely-long line, or one prop-

erly matched at the load, an ammeter inserted
anywhere in the line will show the same current, since the ammeter averages out the variations in current during acycle. It is only when
the line is not properly matched that the wave
motion becomes apparent. This is discussed in
the next section.

•

STANDING WAVES

In the infinitely- long line ( or its matched
counterpart) the impedance is the same at
any point on the line because the ratio of
voltage to current is always the same. [ lowever, the impedance at the end of the line in
Fig. 13-2 is zero — or at least extremely small
— because the line is short-circuited at the
end. A given amount of power in a very low
impedance will result in a very large current
and a very small voltage, as compared with
the current-voltage ratio that exists in a few
hundred ohms ( which is a typical impedance
value for some types of transmission lines).
Something has to happen, therefore, when the
power traveling along the transmission line
meets the short-circuit at the end.
What happens is that the outgoing power,
on meeting the short-circuit, reverses its direction of flow and goes back along the transmission line toward the input end. There is a
large current in the short-circuit, but substantially no voltage across the line at this
point. We now have a voltage and current
representing the power going outward toward
the short-circuit, and a second voltage and
current representing the reflected power traveling back toward the source.
The reflected current travels at the same
speed as the outgoing current, so its instantaneous value will be different at every point
along the line, in the distance represented by
the time of one cycle. At some points along the
line the phase of the outgoing and reflected
currents will be such that the currents cancel
each other while at others the amplitude will
be doubled. At in-between points the amplitude is between these two extremes. The points
IÇ

e4),

ax

LEN6Til

Short-

"amid

Current
aiond line as
measured
6g ammeter
Current
o'istribution
inthiding
polarity
Voltage
along line
dis
arding
arity
Voltage
distribution
including
polarity

Fig. 13-2 — Standing waves of voltage and current along
ashort-circuited transmission line.
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at which the currents are in and out of phase
depend only on the lime required for them to
travel and so depend only on the distance
along the line from the point of reflection.
In the short-circuit at the end of the line the
two current components are in phase and the
total current is large. At adistance of one-half
wavelength back along the line from the shortcircuit the outgoing and reflected components
will again be in phase and the resultant current
will again have its maximum value. This is
also true at any point that is a multiple of a
half- wavelength from the short-circuited end
of the line.
The outgoing and reflected currents will
cancel at apoint one-quarter wavelength, along
the line, from the short-circuit. At this point,
then, the current will be zero. It will also be
zero at all points that are an odd multiple of
one-quarter wavelength from the short-circuit.
If the current along the line is measured at
successive points with an ammeter, it will be
found to vary about as shown in Fig. 13-2B.
The same result would be obtained by measuring the current in either wire, since the ammeter cannot measure phase. Howefer, if the
phase could be checked, it would le found
that in each successive half- wavelength section of the line the currents at any given instant are flowing in opposite directions, as
indicated by the solid line in Fig. 13-2C.
Furthermore, the current in the second wire is
flowing in the opposite direction to the current
in the adjacent section of the first wire. This
is indicated by the broken curve in Fig. 13-2C.
The variations in current intensity along the
transmission line are referred to as standing
waves. The point of maximum line current is
called a current loop or current antinode and
the point of minimum line current a current
node.
Voltage Relationships
Since the end of the line is short-circuited,
the voltage at that point has to be zero. This
can only be so if the voltage in the outgoing
wave is met, at the end of the line, by a reflected voltage of equal amplitude and opposite polarity. In other words, the phase of the
voltage wave is reversed when reflection takes
place from the short-circuit. This reversal is
equivalent to an extra half-cycle or halfwavelength of travel. As aresult, the outgoing
and returning voltages are in phase a quarter
wavelength from the end of the line, and again
out of phase a half- wavelength from the end.
The standing waves of voltage, shown at D in
Fig. 13-2, are therefore displaced by onequarter wavelength from the standing waves
of current. The drawing at E shows the voltages on both wires when phase is taken into
account. The polarity of the voltage on each
wire reverses in each half-wavelength section
of transmission line. A voltage maximum is
called avoltage loop or antinode and avoltage
minimum is called a voltage node.

Open- Circuited Line
If the end of the line is open- circuited instead
of short-circuited, there can be no current at
the end of the line but a large voltage can
exist. Again the outgoing power is reflected
back toward the source. In this case, the out,uW t? IX Ntx Va )4X +- ands"
circuit
Current
along line ,
as measured
by ammeter
Current
distribution
intkidbq
polarity
Voltage
along line
disregarding
polarity
Voltage

distribation
including
polarity

Fig. 13.3— Standing wines of current and voltage
along an open-circuited transmission line.
going and reflected components of current
must be equal and opposite in phase in order
for the total current at the end of the line to be
zero. The outgoing and reflected components
of voltage are in phase and add together. The
result is that we again have standing waves,
but the conditions are reversed as compared
with a short-circuited line. Fig. 13-3 shows
the open- circuited line case.
Lines Terminated in Resistive Load
Fig. 13-4 shows a line terminated in a resistive load. In this case at least part of the outgoing power is absorbed in the load, and so
is not available to be reflected back toward the
source. Because only part of the power is reflected, the reflected components of voltage
and current do not have the same magnitude
as the outgoing components. Therefore neither
voltage nor current cancel completely at any
point along the line. Ilowever, the speed at
which the outgoing and reflected components
travel is not affected by their amplitude, so
the phase relationships are similar to those in
open- or short-circuited lines.
It was pointed out earlier that if the load
resistance, Zr, is equal to the characteristic
impedance, Zo, of the line all the power is absorbed in the load. In such a case there is no
reflected power and therefore no standing
waves of current and voltage. This is aspecial
case that represents the change-over point
between " short-circuited" and " open-circuited" lines. If L is less than Zo, the current
is largest at the load, while if Zr is greater than
Zo the voltage is largest at the load. The two
conditions are shown at B and C, respectively,
in Fig. 13-4.
The resistive termination is an important
practical case. The termination is seldom an
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the s.w.r. is aconvenient basis for work wit Ii
lines. The higher the s.w.r., the greater the
mismatch between line and load. In practical
lines, the power loss in the line itself increases with the s.w.r.

•INPUT

IMPEDANCE

The input impedance of a transmission
line is the impedance seen looking into the
sending-end or input terminals; it is the imZ R >Zo
pedance into which the source of power must
work when the line is connected. If the load
is perfectly matched to the line the line apFig. 13-4 — Standing waves m a transmission line terpears to be infinitely long, as stated earlier,
minated in a resistive load.
and the input impedance is simply the characteristic impedance of the line itself. flowactual resistor, the most common terminations
ever, if there are standing waves this is no
being resonant circuits or resonant antenna
longer true; the input impedance may have a
systems, both of which have essentially rewide range of values.
sistive impedances. If the load is reactive as
This can be understood by referring to
well as resistive, the operation of the line reFigs. 13-2, 13-3, or 13-4. If tin..line length is
sembles that shown in Fig. 13-4, but the pressuch that standing waves cause the voltage at,
ence of reactance in the load causes two
the input terminals to be high and the current,
modifieations: The loops and nulls are shifted
low, then the input impedance is higher than
toward or away from the load; and the amount
the Zo of the line, since impedance is simply
of power reflected back toward the source is
the ratio of voltage to current. Conversely,
increased, as compared with the amount relow voltage and high current at the input terflected by a purely resistive load of the same
minals mean that the input impedance is
total impedance. Both effects become more
lower than the line Zo. Comparison of the
pronounced as the ratio of reactance to rethree drawings also shows that the range of
sistance in the load is made larger.
input impedance values that may be encounStanding Wave Ratio
tered is greater when the far end of the line is
open- or short-circuited than it is when the
The ratio of maximum current to minimum
line has a resistive load. In other words, the
current along a line, Fig. 13-5, is called the
higher the s.w.r. the greater the range of input
standing-wave ratio. The same ratio holds for
impedance values when the line length is
maximum voltage and minimum voltage. It
varied.
is a measure of the mismatch between the
In addition to the variation in the absolute
load and the line, and is equal to 1when the
value
of the input impedance with line length,
line is perfectly matched. ( In that case the
the presence of standing waves also causes
"maximum" and " minimum" are the same,
the input impedance to contain both reactance
since the current and voltage do not vary along
the line.) When the line is terminated in a and resistance, even though the load itself
may be a pure resistance. The only exceptions
purely-resistive load, the standing-wave ratio is
to this occur at the exact current loops or
Z
Zo
nodes, at which points the input impedance is
(13-A)
S.W.R. =
or —
Zo
Zr
a pure resistance. These are the only points at
which the outgoing and reflected voltages and
Where S. W . R.= Standing-wave ratio
currents are exactly in phase: At all other disZr=Impedance of load (must be
tances along the line the current either leads
pure resistance)
or lags behind the voltage and the effect is
Zo= Characteristic impedance of
exactly the same as though a capacitance or
line
2.0Example: A line having a characteristic impedance of 300 ohms is terminated in a resistive load of 25 ohms. The s.w.r. is
Zo
300
8.W.R. = = — = 12 to 1
Zr
25

It is customary to put the larger of the two
quantities, Zr or Zo, in the numerator of the
fraction so that the s.w.r. will be expressed by
a number larger than 1.
It is easier to measure the standing- wave
ratio than some of the other quantities (such
as the impedance of an antenna) that enter into
transmission-line computations. Consequently,

1.5

'Max

1
.0
0.5

DISTANCE ALONG LINE —ow
of standing-wave ratio. In
this drawing, Isms is 1.5 and Ism, is 0.5, so the s.w.r.
=
mi.= 1.5/0.5 = 3to 1.
Fig. 13-5 — Measurement
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inductance were part of the input impedance
of the line.
The input impedance can be represented by
either a resistance and a capacitance, or as a
resistance and an inductance, as shown in
Fig. 13-6. Whether the impedance is inductive
or capacitive depends on the characteristics of
the load and the length of the line. It is possible
to represent the equivalent circuit by resistance and reactance either in series or parallel,
so long as the total impedance and phase angle
are the same in either case. Meeting this last
condition requires different values of resistance and reactance in the series case than in
the parallel case.

(A)

=.

sections. Just the reverse is true of the opencircuited line.
At exact multiples of aquarter wavelength the
impedance is purely resistive. It is apparent,
from examination of B and D in Fig. 13-2, that
at points that are amultiple of ahalf-wavelength
— i.e., %, 1, 1 wavelengths, etc. — from the
short-circuited end of the line the current and
voltage have the same values that they do at the
short-circuit. In other words, if the line were
an exact multiple of ahalf- wavelength long the
generator or source of power would " look
into" a short-circuit. On the other hand, at
points that are an odd multiple of a quarter
wavelength — i.e., %, 3
%, 1U, etc. — from
the short-circuit the voltage is maximum and
the current is zero. Since Z = Ell, the impedance at these points is theoretically infinite.
(Actually it is very high, but not infinite. This
is because the current does not actually go to
zero when there are losses in the line. Losses
are always present, but usually are small.)
Impedance Transformation

(B)
13-h — Series and parallel equivalents of a line
whose input impedance has both reactive and resistive
components. The series and parallel equivalents do not
have the same values; e.g., in A, L does not equal L'
and R does not equal R'.

The magnitude and character of the input
impedance is quite important, since it determines the method by which the power source
must be coupled to the line. The calculation
of input impedance is rather complicated and
its measurement is not feasible with ordinary
equipment.. Fortunately, in amateur work, it
is unnecessary either to calculate or measure it.
The proper coupling can be achieved by relatively simple methods described later in this
chapter.
Unterminated Lines
The input impedance of a short-circuited or
open-circuited line not an exact multiple of
one- quarter wavelength long is praetieally a
pure reactance. This is because there is very
little power lost in the line. Such lines are frequently used as " linear" inductances and capacitances.
If a shorted line is less than a quarter wave
long, as at X in Fig. 13-2, it will have inductive reactance. The reactance increases with
the line length up to the quarter- wave point.
Beyond that, as at Y, the reactance is capacitive, high near the quarter- wave point and
becoming lower as the half- wave point is approached. It then alternates between inductive and capacitive in successive quarter- wave

The fact that the input impedance of a line
depends on the s.w.r. and line length can be
used to advantage when it is necessary to
transform a given impedance into another
value.
Study of Fig. 13-4 will show that, just as in
the open- and short-circuited cases, if the line
is one-half wavelength long the voltage and
current are exactly the same at the input terminals as they are at the load. This is also
true of lengths that are integral multiples of a
half wavelength. It is also true for all values
of s.w.r. Hence the input impedance of any
line, no matter what its Z„, that is a multiple
of a half- wavelength long is exactly the same
as the load impedance. Such aline can he used
to transfer the impedance to a new location
without changing its value.
When the line is aquarter wavelength long,
or an odd multiple of a quarter wavelength,
the load impedance is " inverted." That is, if
the current is low and the voltage is high at
the load, the input impedance will be such as
to require high current and low voltage. The
relationship between the load impedance and
input impedance is given by:
Zo 2
= —
Zr

(13-B)

where Z. = Impedance looking into line (line
length an odd multiple of onequarter wavelength)
Zr = Impedance of load ( must be pure
resistance)
Zo = Characteristic impedance of line
Example: A quarter-wavelength line having a
characteristic impedance of 500 °Inns is terminated in aresistive load of 75 ohms. The impedance looking into the input or sending end of
the line is
Zo, ( 500) ,
250,000
Z. =
—
— 3333 ohms
Z,
75
75
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If the formula above is rearranged, we have
Z -=

( 13-C)

This means that if we have two values of impedance that we wish to " match," we can do
so if we connect them together by a quarterwave transmission line having a characteristic
impedance equal to the square root of their
product. A quarter- wave line, in other words,
has the characteristics of a transformer.
Resonant and Nonresonant Lines
Because the input impedance of a line
operating with a high s.w.r. is critically dependent on the line length, and furthermore
is usually reactive as well as resistive, special
tuning means are required for effective power
transfer from the source to the line. Lines
operated in this way are commonly called
"tuned" or " resonant" lines. On the other
hand, if the s.w.r. is low the input impedance
is close to the Z. of the line and does not vary
a great deal with the line length. Such lines
are called " flat," or " untuned", or " nonresonant".
There is no sharp line of demarkation between tuned and untuned lines. If the s.w.r.
is below 1.5 to 1 the line is essentially flat,
since the same coupling method will work with
all line lengths. If the s.w.r. is above 3 or 4 to
1the type of coupling system, and its adjustment, will depend on the line length and such
lines fall into the " tuned" category.
It is always advantageous to make the s.w.r.
as low as possible. " Tuning the line" becomes necessary only when a considerable
mismatch between the load and the line has
to be tolerated. The most important practical
example of this is when a single antenna is
operated on several harmonically-related frequencies, in which case the antenna impedance
will have widely-different values on different
harmonics.

•RADIATION

Whenever a wire carries alternating current
the electromagnetic fields travel away into
space with the velocity of light. At power-line
frequencies the field that " grows" when the
current is increasing has plenty of time to return or " collapse" about the conductor when
the current is decreasing, because the alternations are so slow. But at radio frequencies
fields that travel only a relatively short dis-

tance do not have time to get back to the conductor before the next cycle commences. The
consequence is that some of the electromagnetic
energy is prevented from being restored to the
conductor; in other words, energy is radiated
into space in the form of electromagnetic waves.
The amount of energy radiated depends,
among other things, on the length of the conductor in relation to the frequency or wavelength of the r.f. current. If the conductor is
very short compared to the wavelength the
energy radiated will be small. However, a
transmission line used to feed power to an
antenna is not short in this sense; in fact, it is
almost always an appreciable fraction of a
wavelength long and may have a length of
several wavelengths.
The lines previously considered have consisted of two parallel conductors of the same
diameter. Provided there is nothing in the system to destroy symmetry, at every point
along the line the current in one conductor has
the same intensity as the current in the other
conductor at that point, but the currents flow
in opposite directions. This was shown in Figs.
13-2C and 13-3C. It means that the fields
set up about the two wires have the same intensity, but opposite directions. The consequence is that the total field set up about such
atransmission line is zero; the two fields " cancel out." Hence no energy is radiated.
Actually, the fields do not completely cancel
out because for them to do so the two conductors would have to occupy the same space,
whereas they are slightly separated. However,
the cancellation is substantially complete if the
distance between the conductors is very small
compared to the wavelength. Radiation will
be negligible if the distance between the conductors is 0.01 wavelength or less, provided
the currents in the two actually are balanced
as described.
The amount of radiation also is proportional
to the current flowing in the line. Because of
the way in which the current varies along the
line when there are standing waves, the effective current, for purposes of radiation,
becomes greater as the s.w.r. is increased. For
this reason the radiation is least when the line
is flat. However, if the conductor spacing is
small and the currents are balanced, the radiation from a line with even a high s.w.r. is inconsequential. A small unbalance in the line
currents is far more serious.

Practical Line Characteristics
The foregoing discussion of transmission
lines has been based on aline consisting of two
parallel conductors. Actually, the parallelconductor line is but one of two general types.
The other is the coaxial or concentric line. The
coaxial line consists of a round conductor
placed in the center of a circular tube. The
inside surface of the tube and the outside surface of the smaller inner conductor form the
two conducting surfaces of the line.

In the coaxial line the fields are entirely
inside the tube, because the tube acts as a
shield to prevent them from appearing outside.
This reduces radiation to the vanishing point.
So far as the electrical behavior of coaxial
lines is concerned, all that has previously been
said about the operation of parallel-conductor
lines applies. There are, however, practical
differences in the construction and use of
parallel and coaxial lines.
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•PARALLEL- CONDUCTOR

LINES

A common type of parallel-conductor line
used in amateur installations is one in which
two wires ( ordinarily No. 12 or No. 14) are
supported a fixed distance apart by means of
insulating rods called " spacers." The spacings
used vary from two to six inches, the smaller
spacings being necessary at frequencies of the
order of 28 Mc. and higher so that radiation
will be minimized. The construction is shown
in Fig. 13-7. Such a line is said to be airinsulated. Typical spacers are shown in Fig.
13-8. The characteristic impedance of such
"open- wire" lines runs between about 400
and 600 ohms, depending on the wire size and
spacing.
Parallel- conductor lines also are sometimes
constructed of metal tubing of a diameter of
5. to
inch. This reduces the characteristic
impedance of the line. Such lines are mostly
used as quarter-wave transformers, when different values of impedance are to be matched.

Fig.

13-8 —

and spacers.

In addition to 300-ohm line, Twin-Lead is
obtainable with a characteristic impedance of
75 ohms for transmitting purposes. Lightweight 75- and 150- ohm Twin- Lead also is
available.
Characteristic

No /2 or/4

2 -to e

Typical manufactured transmission lines

Impedance

The characteristic impedance of an airinsulated parallel- conductor line is given by:
Zo = 276 log b
a

(13-D)

where Zo = Characteristic impedance
b = Center-to- center distance between
conductors
a = Radius of conductor ( in same units
as b)
Fig.
13-7
Typical construction of open-wire line.
The line conductor fits in agroove in the end of the
spacer, and is held in place by atie-wire anchored in a
hole near the groove.
—

Prefabricated parallel-conductor line with
air insulation has been developed as a low- loss
line for television reception and can also be
used in transmitting applications. This line
consists ni two No. 18 ronductors held at a
spacing of one inch by molded- on spacers.
The eharacteristie impedance is 450 ohms.
A convenient type of manufactured line is
one in which the parallel conductors are imbedded in low- loss insulating material ( polyethylene). It is commonly used as aTV lead-in
and has a characteristic impedance of 300
ohms. It is sold under various names, the most
common of which is " Twin- Lead". This type
of line has the advantages of light weight,
close and uniform conductor spacing, flexibility and neat appearance. However, the
losses in the solid dielectric are higher than in
air, and dirt or moisture on the line tends to
change the characteristic impedance. Moisture
effects can be reduced by coating the line with
silicone grease. A special form of 300- ohm
Twin- Lead for transmitting uses a polyethylene tube with the conductors molded diametrically opposite; the longer dielectric path in
such line reduces moisture troubles.

It does not matter what units are used for a
and bso long as they are the same units. Both
quantities may be measured in centimeters,
inches, etc. Since it is necessary to have atable
of common logarithms to solve practical problems, the solution is given in graphical form
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13-9 — Chart showing the characteristic impedance of spaced-conductor parallel transmission lines
with air dielectric. Tubing sizes given are for outside
diameters.
Fig.
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in Fig. 13-9 for a number of common conductor sizes.
In solid-dielectric parallel-conductor lines
such as Twin- Lead the characteristic impedance cannot be calculated readily, because
part of the electric field is in air as well as in
the solid dielectric.
Unbalance in Parallel- Conductor Lines
When installing parallel-conductor lines
care should be taken to avoid introducing
electrical unbalance into the system. If for
some reason the current in one conductor is
higher than in the other, or if the currents in
the two wires are not exactly out of phase
with each other, the electromagnetic fields
will not cancel completely and a considerable
amount of power may be radiated by the line.
Maintaining good line balance requires,
first of all, a balanced load at its end. For this
reason the antenna should be fed, whenever
possible, at a point where each conductor
"sees" exactly the same thing. Usually this
means that the antenna system should be fed
at its electrical center. Even though the antenna appears to be symmetrical, physically,
it can be unbalanced electrically if the part
connected to one of the line conductors is
inadvertently coupled to something (such as
house wiring or a metal pole or roof) that is
not duplicated on the other part of the antenna. Every effort should be made to keep
the antenna as far as possible from other
wiring or sizable metallic objects. The transmission line itself will cause some unbalance if
it is not brought away from the antenna at
right angles to it for a distance of at least a
quarter wavelength.
In installing the line conductors take care
to see that they are kept away from metal.
The minimum separation between either conductor and all other wiring should be at least
four or five times the conductor spacing. The
17

,

o
e
I.

shunt capacitance introduced by close proximity to metallic objects can drain off enough
current ( to ground) to unbalance the line currents, resulting in increased radiation. A shunt
capacitance of this sort also constitutes a
reactive load on the line, causing an impedance " bump" that will prevent making the
line actually flat.

•COAXIAL

Characteristic Impedance
The characteristic impedance of an airinsulated coaxial line is given by the formula
Zo = 138 log b
a

where Zo = Characteristic impedance
b = Inside diameter of outer conductor
a= Outside diameter of inner conduCtor (in same units as b)
Curves for typical conductor sizes are given in
Fig. 13-10.
'I'he formula for coaxial lines is approximately correct for lines in which bead spacers
are used, provided the beads are not too
closely spaced. When the line is filled with a
solid dielectric, the characteristic impedance
as given by the chart should be multiplied by

•
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(13-E)

1/V17, where K is the dielectric constant of
the material.

éeo
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LINES

The most common form of coaxial line consists of either a solid or stranded-wire inner
conductor surrounded by polyethylene dielectric. Copper braid is woven over the dielectric
to form the outer conductor, and awaterproof
vinyl covering is placed on top of the braid.
This cable is made in a number of different
diameters. It is moderately flexible, and so is
convenient to install. Some different types are
shown in Fig. 13-8. This solid coaxial cable is
commonly available in impedances approximating 50 and 70 ohms.
Air-insulated coaxial lines have lower losses
than the solid-dielectric type, but are less used
in amateur work because they are expensive
and difficult to install as compared with the
flexible cable. The córnmon type of air-insulated coaxial line uses asolid-wire conductor
inside acopper tube, with the wire held in the
center of the tube by means of insulating
"beads" at regular intervals.

A

.
5 .6

7 IS .9 1.0

INSIDE DIAMETER OF OUTER CONDUCTOR (INCHES)

Fig. 13.10 — Chart showing characteristic impedance
of various air-insulated concentric lines.

ELECTRICAL LENGTH

In the discussion of line operation earlier in
this chapter it was assumed that currents
traveled along the conductors at the speed of
light. Actually, the velocity is somewhat less,
the reason being that electromagnetic fields
travel more slowly in material dielectrics than
they do in free space. In air the velocity is
practically the same as in empty space, but a
practical line always has to be supported in
some fashion by solid insulating materials.
The result is that the fields are slowed down;
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Fig. 1341- Attenuation
data for common ty pes of
transmission fines. Curve
A is the nominal attenuation of 600-ohm open .wire
linewith No.I2 conductors,
not including dielectric
loss in spacers nor possible
radiation losses. Additional
line data are given in
Table 13-1.
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the currents travel a shorter distance in the
time of one cycle than they do in space, and
so the wavelength along the line is less than
the wavelength would be in free space at the
same frequency.
Whenever reference is made to aline as being
so many wavelengths (such as a " half- wavelength" or " quarter wavelength") long, it is to
be understood that the electrical length of the
line is meant. Its actual physical length as
measured by a tape always will be somewhat
TABLE 13-I
Transmission-Line Data

Type

Coaxial

Description
or Type
Number
Air-insulated
RG-8íU
11G-58 ' U
RG-11 / 1.1
RC-59 ,' U

Charac -

teristic Velocity
. r
-actor
•
limpedunce
50-100
53
53
75
73

Parallel- Air-insulated 200-600
75
Conduc- 14-080 0
75
14-023 3
tor
150
14-079 3
300
14-056 3
300
14-076 3
300
14-022 3

20

IN

30

40 50

80

100

200

500

MEGACYCLES

less. The physical length corresponding to an
electrical wavelength is given by
984
Length in feet - • V
(I3-F)
where f = Frequency in megacycles
V = Velocity factor
The velocity factor is the ratio of the actual
velocity along the line to the velocity in free
space. Values of V for several common types
of lines are given in Table 13-1.
Example: A 75-foot length of 300-oltia TwinLead is used to carry power to an antenna at a
frequency of 7150 he. From Table 13-1, V is 0.82.
At this frequency (
7.15 Me.) a wavelength is
984

984

Length (
feet) = -.f •V = 7.15 X 0.82
Capad.
tance
per foot;
pad.

0.85 1
0.66
0.66
0.66
0.66

29.5
28.5
20.5
21.0

0.975 2
0.68
0.71
0.77
0.82
0.84
0.85

19.0
20.0
10.0
5.8
3.9
3.0

'Average figure for sma I-diameter Fries with ceramic beads.
'Average figure for lines insulated with ceramic spacers at
intervals of afew feet.
' Amphenol type numbers and data. Line similar to 14-056
is made by several manufacturers, but rated loss may differ
from that given in Fig. 13-11. Types 14-023, 14-076, and
11-022 are made for transmitting applications.

= 137.6 X 0.82 = 112.8 ft.
The line length is therefore 75/112.8 = 0.665
wavelength.

Because a quarter- wavelength line is frequently used as alinear transformer, it is convenient to calculate the length of a quarterwave line directly. The formula is
246
Length (
feet) = - • V ( 13-G)
where the symbols have the same meaning as
above.

•LOSSES IN TRANSMISSION LINES

There are three ways by which power may
be lost in atransmission line: by radiation, by
heating of the conductors (/ 2R loss), and by
heating of the dielectric, if any. There is no
appreciable radiation loss from a coaxial line,
but radiation from a parallel-conductor line
may exceed the heat losses if the line is un-
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negligible ( the only loss is in the insulating
spacers) and such lines operate at high efficiency when radiation losses are low.
It is convenient to express the loss in atransmission line in decibels per unit length, since
the loss in db. is directly proportional to the
line length. Losses in various types of lines
operated without standing waves ( that is,
terminated in aresistive load equal to the characteristic impedance of the line) are given in
graphical form in Fig. 13-11. In these curves
the radiation loss is assumed to be negligible.
When there are standing waves on the line
the power loss increases as shown in Fig. 13-12.
Whether or not 1he increase in loss is serious
depends on what the original loss would have
been if the line were perfectly matched. If the
loss with perfect matching is very low, a large
s.w.r, will not greatly affect the efficiency of
the line — i.e., the ratio of the power delivered
to the load to the power put into the line.

Effect of standing-wave ratio on line loss.
The ordinates give the additional loss in decibels for the
loss, under perfectly-matched conditions, shown on the
horizontal scale.

Example: A 150-foot length of RG-11/111 cable
is operating at 7 Me. with a 5-to- 1s.w.r. If perfectly matched, the loss from Fig. 13-11 would
be 1.5 X 0.4 = 0.6 db. From Fig. 13-12 the
additional loss because of the s.w.r. is 0.73 db.
The total lass is therefore 0.6 -1- 0.73 = 1.33 (
lb.

balanced. Since radiation losses cannot readily
be estimated or measured, the following discussion is based only on conductor and dielectric losses.
Heat losses in both the conductor and the
dielectric increase with frequency. Conductor
losses also are greater the lower the characteristic impedance of the line, because a
higher current flows in a low-impedance line
for a given power input. The converse is true
of dielectric losses because these increase with
the voltage, which is greater on high-impedance
lines. The dielectric loss in air- insulated lines is

An appr(•ciable s.w.r. on a solid-dielectric
line may result in excessive loss of power at
the higher frequencies. Such lines, whether of
the parallel- conductor or coaxial type, should
be operated as nearly flat as possible, particularly when the line length is more than 50 feet
or so. As shown by Fig. 13-12, the increase in
line loss is not too serious so long as the s.w.r.
is below 2to 1, but increases rapidly when the
s.w.r. rises above 3 to 1. Tuned transmission
lines such as are used with multiband antennas always should be air-insulated, in the
interests of highest efficiency.

UNE LOSS IN DB. WHEN MATCHED
Fig. 13.12 —

Matching the Load to the Line
The load for atransmission line may be any
device capable of dissipating r.f. power. When
lines are used for transmitting applications
the most common type of load is an antenna,
but there are also practical cases where the
grid circuit of a power amplifier may represent the load. When a transmission line is
connected between an antenna and a receiver,
the receiver input circuit ( not the antenna) is
the load, because the power taken from a
passing wave is delivered to the receiver.
Whatever the application, the conditions
existing at the load, and only the load, determine the standing- wave ratio on the line. If
the load is purely resistive and equal in value
to the characteristic impedance of the line,
there will be no standing waves. If the load
is not purely resistive, and/or is not equal to
the line Zo, there will be standing waves. No
adjustments that can be made at the input
end of the line can change the s.w.r., nor is it
affected by changing the line length.
Only in a few special cases is the load in-

herently of the proper value to match a practicable transmission line. In all other cases it
is necessary either to operate with a mismatch
and accept the s.w.r. that results, or else to
take steps to bring about a proper match between the line and load by means of transformers or similar devices. Impedance- mat
ing transformers may take avariety of physical
forms, depending on the circumstances.
Note that it is essential, if the s.w.r. is to be
made as low as possible, that the load at the
point of connection to the transmission line
be purely resistive. In general, this requires
that the load be tuned to resonance. If the
load itself is not resonant at the operating
frequency the tuning sometimes can be accomplished in the matching system.

• THE

ANTENNA AS A LOAD

Every antenna system, no matter what its
physical form, will have a definite value of
impedance at the point where the line is to be
connected. The problem is to transform this
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antenna input impedance to the proper value
to ma toll the line. In this respect there is no
one " best" type of line for a particular antenna
system, because it is possible to transform impedances in any desired ratio. Consequently,
any type of line may be used with any type
of antenna. There are frequently reasons other
than impedance matching that dictate the use
of one type of line in preference to another,
such as ease of installation, inherent loss in the
line, and so on, but these are not considered in
this section.
Although the input impedance of an antenna system is seldom known very accurately,
it is often possible to make a reasonably close
estimate of its value. The information in the
chapter on antennas can be used as a guide.
Matching circuits may be constructed using
ordinary coils and condensers, but are not
used very extensively because they must be
supported at the antenna and must be weatherproofed. The systems to be described use
linear transformers.
The Quarter. Wave Transformer or
"Q" Section
As described earlier in this chapter, a
quarter-wave transmission line may be used
as an impedance transformer. Knowing the
antenna impedance and the characteristic impedance of the transmission line to be matched,
the required characteristic impedance of a
matching section such as is shown in Fig. 13-13
is
Zn,=../ziz o
where Z1 is the antenna impedance and Zo is
the characteristic impedance of the line to
which it is to be matched.
Example: To match a600-ohm line to an antenna presenting a 72-ohm load, the quarterwave matching section would require a characteristic impedance of V72 X 600 = V43,200
= 208 ohms.

The spacings between conductors of various
sizes of tubing and wire for different surge impedances are given in graphical form in Fig.
13-9. ( With 3-inch tubing, the spacing in the
example above should be 1.5 inches for an
impedance of 208 ohms.)
The length of the quarter- wave matching
section is given by Equation 13-G.
The antenna must be resonant at the operating frequency. Setting the antenna length by
formula is amply accurate with single- wire
antennas, but in other systems, particularly
Antenna
Matchine
section

Tram Line
Fig. 13-13 — "Q" matching section, a quarter-wave
impedance transformer.

X

Sending End

Fig. 13-14 — Matching the antenna to the line by means
of a stub, Y. Curves for determining the lengths X and
1 are given in Figs. 13.15 and 13-16, for the case where
the line, section X and section Y all have the same
characteristic impedance.

close-spaced arrays, the antenna should be
adjusted to resonance before the matching
section is connected.
When the antenna input impedance is not
known accurately, it is advisable to construct
the matching section so that the spacing between conductors can be changed. The spacing
then may be adjusted to give the lowest possible
s.w.r. on the transmission line.
Stub Matching
When a transmission line is not matched by
the load, the impedance looking into the line
toward the load varies with the distance from
the load, as discussed earlier in this chapter.
Considering the input impedance to be equivalent to a resistance in parallel with a reactance, at some distance along the line such
as X in Fig. 13-14 the resistive part of the
input impedance will be equal to the Zo of the
line. If at this point a reactance equal to the
reactive part of the input impedance, but of
the opposite type, is connected across the line,
the reactances will cancel and leave only the
resistive component. From this point back to
the transmitter or other source of energy the
line will be matched.
The reactances used for matching in this
way are usually linear reactances — sections of
transmission line — called stubs. Stubs may
be open or closed, depending on whether the
free end is left open or is short-circnited, according to the type of reactance required in
a particular ease. The type and length of stub,
as well as the point at which it should be attached to the line, can be found without any
knowledge of the antenna input impedance,
providing that the s.w.r. on the line can be
measured before the stub is attached, and
providing that the position of a current node
(voltage loop) can be determined under the
same conditions.
When the s.w.r. and the position of acurrent
node are known Figs. 13-15 and 13-16 give the
stub information necessary for impedance
matching. Stub lengths are given in wavelengths, which may be converted to feet with
the help of Equation 13-F. The data in Figs.
13-15 and 13-16 are based on the assumption

STAND6/N
AWEV
RAn0

318

CHAPTER 13

6
5

ieryth of

shortedstub

4

3‘

Distance from
Current node _
measured
toward send/wend

3

2 2
I

o

.02

.o4

.06 .08 .10 . 12 .14 . 16 . 18 . 20 . 22

24

.26

LENGTH IN WAVELENGTHS

yayemtbe
lyathe
erthat
ennant
xstsnce s c
posi-the
on
ed,sateth
encnhanasbmrceisosi
eodgeTh
en.edeanlo
ta
uonenthnotiorlic f
teorused
reb
duael-nedt asnrhteofsthne
uhatth
as
pnoubgnof
thethe
cmstiooi
sstmini

oeametutband
eeth
atth
.Zavh
thsboh
lins
ghtno
yteminsthi
is
ti
thatof
cssm Wi

Fig. 13-15 — Graph for determining position and
length of a shorted stub. Dimensions may be converted
to Pillear units after values llave been taken from the
graph.

the transmission line attached at the center of
only one of them. Various forms of such
"folded dipoles" are shown in Fig. 13-18. Currents in all conductors are in phase in a folded
dipole, and since the conductor spacing is
small the folded dipole is equivalent in radiating properties to an ordinary single-conductor
dipole. However, the current flowing into the input terminals of the antenna from the line is the
current in one conductor only, and the entire
power from the line is delivered at this value
of current. This is equivalent to saying that
the input impedance of the antenna has been
raised by splitting it up into two or more
conductors.
If the conductors of a folded dipole are all
the same diameter and the spacing between
them is small, the impedance at the input terminals is approximately equal to the input
impedance of an ordinary dipole multiplied
by the square of the number of conductors. A
simple half- wave antenna has an average im-
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,•(langes in antenna reactance with frequency
;Lnd thus broadens the frequency-response
curve of the antenna.
(A)

"T" and "Gamma" Matching Sections

--1

(S)

L
ine

),‘

The method of matching shown in Fig.
13-21A is based on the fart that the impedance
between any two points along a resonant antenna is resistive, and has a value which depends on the spacing between the two points.
It is therefore possible to choose apair of points
between which the impedance will have the
right value to match a transmission line. In
50

Y

40

ao
(C)

Line
2.0

Fig. 1348 — The folded iI ole, a method for using the
antenna element itself to inn ide an impedance transformation.

1.5

LO

arrays using close-spaced parasitic elements.
The length of the antenna element should
be such as to be approximately self-resonant
at the median operating frequency. The length
is usually not highly critical, because this
method of matching tends to compensate for
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/3-19 — Impedance transformation ratio, twoconductor folded dipole. ' I'he dimensions dl, d2 and sare
shown on the inset drawing. Curves show the ratio of
the impedance (resistive) seen by the transmission line
to the radiation resistance of the resonant antenna
system.
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Fig. 13.20 — Impedance transformation ratio, three.
conductor folded dipole. The dimensions d:, d2 and
are shown on the inset drawing. Curves show the ratio
of the impedance (resistive) seen by the transmiss .
line to the radiation resistance of the resonant antenna
system.
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practice, the line cannot be connected directly
at these points because the distance between
them is much greater than the conductor spacing of a practicable transmission line. The
"T" arrangement in Fig. 13-21A overcomes
this difficulty by using a second conductor
paralleling the antenna to form a matching
section to which the line may be connected.
The " T" is particularly suited to use with a
parallel-conductor line, in which case the two
points along the antenna should be equidistant
from the center so that electrical balance is maintained.
The operation of this system is somewhat complex. Each " T" conductor ( y in the drawing)
forms with the antenna conductor opposite it a
short section of transmission line. Each of these
transmission-line sections can be considered to be
terminated in the impedance that exists at the
point of connection to the antenna. Thus the
part of the antenna between the two points carries atransmission-line current in addition to the
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normal antenna current. The two transmissionline matching sections are in series, as seen by
the main transmission line.
If the antenna by itself is resonant at the operating frequency its impedance will be purely
resistive, and in such case the matching-section
lines are terminated in aresistive load. However,
since these sections are shorter than a quarter
wavelength their input impedance — i.e., the
impedance seen by the main transmission line
looking into the matching-section terminals —
will be reactive as well as resistive. This prevents
a perfect match to the main transmission line,
since its load must be apure resistance for perfect
matching. The reactive component of the input
impedance must be tuned out before a proper
match can be secured. The simplest way to do
this is to detune the antenna in the proper direction to compensate for the reactance introduced
by the matching section, although lumped reactances of the proper value can be used at the
input terminals instead.
The method of adjustment commonly used is
to cut the antenna for approximate resonance
and then make the spacing x some value that
is convenient constructionally. The distance y
is then adjusted, while maintaining symmetry
with respect to the center, until the s.w.r. on
the transmission line is as low as possible. If
the s.w.r. is not below 2 to 1after this adjustment, the antenna length should be changed
slightly and the matching-section taps adjusted
again. This process may be continued until the
s.w.r. is as close to 1-to- 1as possible.

x

(A)

1

I

- Line

section. If the two conductors of atrail:line are fanned out, the Zo of the line %% ill increase with the increase in spacing. A fanned
section of line can be used to match a given
load impedance to the Zo of a uniformlyspaced transmission line, provided the line
Zn is lower than the impedance of the load.

1/
Fig. 13-22— The "del a" matching section.

Strictly, such a match can be made only if the
conductor spacing in the fanned section of line
increases at an exponential rate, but the
"delta" arrangement in Fig. 13-22 is a rough
approximation to this type of spacing.
Dimensions a and b in Fig. 13-22 depend on
the antenna impedance ( whether it is asimple
half- wave antenna or the driven element of a
multielement beam), the size of the conductors
in the delta, and the Zo of the transmission line
to be matched. Methods for calculation are not
available, but dimensions for practical cases
are given in the chapters on antennas.

•NONRADIATING LOADS
Important practical cases of nonradiating
loads for atransmission line are the grid circuit
of a power amplifier (considered in the chapter
on transmitters), the input circuit of a receiver,
and another transmission line. This last case
includes the " antenna tuner" — a misnomer
because it is actually a device for coupling a
transmission line to the transmitter. Because of
its importance in amateur installations, the antenna coupler is considered separately in a later
section of this chapter.
Coupling to a Receiver

(B)

rLine

Fig. 13-21— The "T" match and "gamma" match.

The unbalanced (" gamma") arrangement
in Fig. 13-21B is similar in principle to the
"T," but is adapted for use with single coax
line. The method of adjustment is the same.
Dimensions of matching sections in practical
cases are given in the chapter on antennas.
The "Delta" Match
The matching system in Fig. 13-22 is based
on the variation in impedance between two
points symmetrically located with respect to
the center of the antenna, as in the case of the
"T" match, but uses a different matching

A good match between an antenna and its
transmission line does not guarantee a low
standing- wave ratio on the line when the antenna system is used for receiving. The s.w.r.
is determined wholly by what the line " sees"
at the receiver's antenna-input terminals. For
minimum s.w.r. the receiver input circuit must
be matched to the line. The rated input impedance of a receiver is a nominal value that
varies over a considerable range with frequency. Methods for bringing about a proper
match are discussed in the chapter on receivers.
It should be noted that if the receiver is
matched to the line, then it is desirable that
the antenna and line also be matched, since
this results in maximum signal transfer from
the antenna to the line. If the receiver is not
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matched to the line, the input impedance of
the line (at the terminals of the antenna itself)
in turn cannot match the antenna impedance.
In such a case the signal input to the receiver
depends on the coupling system used between
the line and the receiver. For greatest signal
strength the coupling system has to be adjusted to the best compromise between receiver input impedance and load appearing
at the input (antenna) end of the line. The
proper adjustments must be determined by
experiment.
A similar situation exists when the receiver

input impedance inherently matches the line
Zo, but the line and antenna are mismatched.
Under these conditions perfect matching at
the receiver does not result in greatest signal
strength; a deliberate mismatch has to be introduced so that the maximum power will be
taken from the antenna.
The most desirable condition is that in which
the receiver is matched to the line Zo and the
line in turn is matched to the antenna. This
transfers maximum power from the antenna to
the receiver with the least loss in the transmission
line.

Coupling the Transmitter to the Line
The type of coupling system that will be
cious belief, on the part of many, that pruning the
needed to transfer power adequately from the
line reduces the standing-wave ratio and that a
final r.f. amplifier to the transmission line deflat line will load an amplifier with a small link
pends almost entirely on the input impedance
and very loose coupling. Pruning the line accomof the line. As shown earlier in this chapter, the
plishes nothing if the line is actually flat because,
input impedance is determined by the standingas explained earlier in this chapter, the input
wave ratio and the line length. The simplest
impedance of a matched line is equal to its
ease is that where the line is terminated in its
Zo regardless of the line length. If the line is not
characteristic impedance so that the s.w.r. is
flat, pruning changes the input impedance and
1to 1and the input impedance is merely the Zo
eventually results in avalue such that the link or
of the line, regardless of line length.
pick-up coil is actually tuned to the operating
Coupling systems that will deliver power into a frequency by the line, a condition that will give
flat line are readily designed. For all practical
maximum power transfer with minimum coupurposes the line can be considered to be flat if
pling. The higher the s.w.r. the more loose the
the s.w.r. is no greater than about 1.5 to 1.
coupling can be
That is, acoupling system designed to work into
There is nothing inherently wrong with this
a pure resistance equal to the line Zo will have
method of adjustment, but it works only when
enough leeway to take care of the small variations
the s.w.r. is fairly high and will not work with a
in input impedance that will occur when the
line that actually is flat. Even in the former ease
line length is changed, if the s.w.r. is higher than
it is usually preferable to use a coupling system
1to 1but no greater than 1.5 to 1.
that is not so critical as to line length.
Coupling circuits suitable for coaxial lines are
Tuned Coupling
discussed in the chapter on transmitters. As
stated in that chapter, an untuned " pick-up"
A tuned coupling circuit has the same advanor " link" coil connected directly to the transtages, when used with properly-terminated paralmission line should have an inductance such that
lel-conductor lines, that were outlined in the
the reactance at the operating frequency is
transmitting chapter in connection with coaxial
approximately equal to the Zo of the line, to assure
lines. The principles are the same as well, but
adequate coupling to a line that is actually flat.
aresistance of 300 to 600 ohms is too high to be
While this condition is sometimes met well enough
connected in series with a tuned circuit. Conseat the higher frequencies, at least for coaxial lines,
quently, parallel-tuned circuits must be used
by manufactured link coils, it is definitely not met
with these lines. Typical arrangements are shown
when aparallel-conductor line having aZo of 300
in Fig. 13-23. The capacitance values giren in
ohms or more is used. The optimum pick-up coil
Table 13- II are for aQ of 2and are the '
nit, imum
for coupling to such lines will have about the same
values that should be used. The Q may be ininductance as the plate tank coil itself.
creased, permitting full power transfer with
Amateurs are frequently successful
in coupling power into a line even
Alternative kr use
though the pick-up coil is quite small
with &nail /inks
and is loosely coupled to the amplifier
tank coil. When such coupling is posPara//a
sible it is an indication that the line is
Conti.
Paned
operating at a fairly high s.w.r. and
1
—°
_cond.
Line.
that the line length is such as to bring
a current loop near the input end. It
is customary to " prune" the line Fig. 13-23 — Tuned circuits for coupling to aflat parallel-conductor
length in such cases until adequate line. Values for CIare given in Table 13-11; Li is chosen to re,onate
with the value given at the operating frequency. In the alternative
coupling is secured — apractice that
circuit the total inductance of Lt,L2 and L3 should equal Li in the
has given rise to the wholly falla- circuit at the left.

Fl:
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TABLE 13-II

Capacitance in sad. Required for Coupling to 300and 600-ohm Flat Lines with Tuned Coupling
Circuit
Frequency
Band
Mc.
1.8
3.5
7
14
28

Characteristic Impedance of Line
300
600
ohms
ohms
600
300
300
150
150
75
75
40
40
20

Note: Inductance in circuit must be adjusted to
resonate at operating frequency.

looser coupling between the coils, by increasing
the capacitance and decreasing the inductance
correspondingly to maintain resonance.
The capacitance values given are the total
capacitance required, so if a balanced condenser
is used as indicated at C1 in Fig. 13-23 each section of the condenser should have twice the capacitance given. A single-ended condenser may
be used if care is taken to mount it far enough
away from the chassis or any other grounded conductor so that the capacitance from stator and
frame to ground is small. In such case the condenser should be tuned by an insulated extension
shaft.
The series-tuned circuit shown in the transmitter chapter for coax line can be adapted to
use with 75-ohm parallel-conductor line by using
two variable condensers, one in each line conductor and each having twice the capacitance
specified, and removing the ground connection.
This is the best arrangement for maintaining
balance to ground, but if reasonable care is taken
to mount the condenser as described in the preceding paragraph, a single condenser may be
used. In that case the only circuit difference is
that neither side of the line should be grounded.
Link Coupling

television and FM reception.
The circuit for coax-link coupling is given in
Fig. 13-24. The constants of the tuned circuit
Lo are not particularly critical; the principal
requirement is that the circuit must be capable of
being tuned to the operating frequency. Constants similar to those used in the plate tank
circuit will be satisfactory. The construction of
L3 must be such that it can be tapped at least
every turn. L2 must be tightly coupled to L3,
and the inductance of L2 should be approximately the value that gives areactance equal to
the Zo of the connecting line at the frequency in
use. An average reactance of about 60 ohms will
suffice for either 52- or 75-ohm coaxial line.
The coupling circuit at the amplifier end is
merely designed and adjusted for working into a
flat coaxial line, as described in the transmitter
chapter. Hence the adjustment of coupling at
the output end (L2L3C1)is entirely independent
of the adjustment at the input end (tank circuit and L1).
When the system is properly designed and
operated, the circuit formed by L2LoCi acts
purely as a matching device to transform the
input impedance t.f the main transmission line to
avalue equal to the Zo of the coaxial link.
The most satisfactory way to set up the system
initially is to connect a coaxial s.w.r. bridge in
the link as shown in Fig. 13-24. A simple resistance bridge such as is described in the chapter on
measurements is perfectly adequate, requiring
only that the transmitter output be reduced to a
very low value so that the bridge will not be overloaded. Take a trial position of the line taps on
L3, keeping them equidistant from the center
of the coil, and adjust C1 for minimum s.w.r.
as indicated by the bridge. If the s.w.r. is not
close to 1to 1, try new tap positions and adjust
C1 again, continuing this procedure until the
s.w.r. is practically 1to 1. The setting of C1 and
the tap positions may then be logged for future
reference, since they will not change so long as the
antenna system and frequency are not changed.
At this point, check the link s.w.r. over the frequency range normally used in that band, without changing the setting of C1.No readjustment

The coupling arrangements for parallel-conductor line shown in Fig. 13-23 are not entirely
satisfactory from aconstructional standpoint. It
is usually more convenient to build the coupling
apparatus separate from the final
amplifier, and this leads to
greater operating flexibility as
well. For lines operating at alow
Line
1-'
J_
0a) ‘3 Liee
standing-wave ratio this is easily
accomplished by connecting the
amplifier and coupling circuits
through a short length of transmission line or " link." When
properly designed and adjusted,
the tuning of both circuits will be
t
z [
completely independent of the
W
BRIDGE
length of the line connecting
_L L3
them. This method has the further advantage that, if the conSet-up for initial ,leustment
necting line is coaxial cable, it
Fig. 13 24 — Matching circuits using acoaxial link, for use with parallel.
offers an ideal spot for the inserconductor transmission lines. Adjustment set-up using an s.w.r. bridge is
tion of low-pass filters for preshown in the lower drawing. Design considerations and method of adjustment are discussed in the text.
venting harmonic interference to
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the coupling between the transmitter
and the line must be changed acPara//elLow R cordingly to keep the amplifier loadInc
ing constant. So far as the coupling
apparatus is concerned, the principal
C2
difference between flat and tuned
Equivalent
SERIES TUNING
lines is that the system can be designed for relatively constant impedance for flat lines, but must be capable of coupling into a wide range of
impedances if the line is " tunefi."
As mentioned earlier, a simple coil
ParoleII/9h R can be used for coupling to aline havGana
/me
ing a high standing-wave ratio pro(B)
viding the line length is adjuited so
Equivalent
there is acurrent loop near the point
PARALLEL TUNING
where it connects to the pick-up coil.
The coupling will be maximum, for a
Fig. 13 25 — Series and parallel tuning. This method is useful with given degree of separation between
resonant lines when the length is such as to bring either acurrent or the pick-up coil and the amplifier
voltage loop near the input end. Design data and methods of adjusttank coil, if the line is pruned to a
ment are given in the text.
length such that the input impedance
will be required if the s.w.r. does not exceed 1.5
is just sufficiently capacitive to cancel the into 1 over the range, but if it goes higher it is
ductive reactance of the pick-up coil. This can be
advisable to note as many settings of CI as may
done by cut-and-try. The higher the s.w.r. on the
be necessary to keep the s.w.r. below 1.5 to 1at
line the easier it becomes to load the amplifier
any part of the band. Changes in the link s.w.r.
with loose coupling between the two coils.
are caused chiefly by changes in the s.w.r. on
Whether or not good loading can be obtained
the main transmission line with frequency, and
over aband of frequencies depends on the charrelatively little by the coupling circuit itself. A
acteristics of the antenna system. The bharper
single setting of C1 at mid-frequency will suffice
the antenna and the higher the line s.w.r. the
if the antenna itself is broad-tuning.
more difficult it becomes to operate over a band
If it is impossible to get a 1to 1s.w.r. at any
without progressively changing the line length.
settings of the taps or C1,the s.w.r. on the main
Series and Parallel Tuning
transmission line is high and the line length is
unfavorable. Ordinarily there should be no diffiRather than adjusting the line length to fit a
culty if the transmission-line s.w.r. is not more
given coupling coil, it is more practical to adjust
than about 3to 1, but if the line s.w.r. is higher it
the coupling circuit to fit the conditions existing
may not be possible to bring the link s.w.r. down
at the input end of the transmission line.
except by using the methods for reactance comA high standing-wave ratio occurs principally
pensation described in asubsequent section.
on parallel-conductor lines, either because no
Once the matching circuit is properly adjusted,
attempt has been made at matching the antenna
the s.w.r. bridge may be removed and full power
and the line or because the system is used for
applied to the transmitter. The input should be
multiband operation, which precludes such
controlled by the coupling between L1 and the
matching. In the latter case, cutting the line
amplifier tank coil, never by making any changes
length to amultiple of aquarter wavelength will
in the settings of the matching circuit. If the
bring either a current or voltage loop near the
amplifier will not load properly, tuned coupling
input terminals of the transmission line (aasuming
should be used into the coax link.
that the antenna itself is resonant) depending on
It is possible to use acircuit of this type withthe termination and the line length. If there is
out initially setting it up with the s.w.r. bridge.
acurrent loop near the input end the impedance
will be lower than the line Zo; if a voltage loop,
In such acase it is amatter of cut-and-try until
the input impedance will be higher than the line
adequate power transfer between the amplifier
Zo. In both cases the input impedances will be
and main transmission line is secured. However,
essentially resistive.
this method frequently results in a high s.w.r.
in the link, with consequent power loss, " hot
Under these conditions the circuit arrangespots" in the coaxial cable, and tuning that is
ments shown in Fig. 13-25 will work satisfactorily.
Series tuning is used when a current loop occurs
critical with frequency. The bridge method is
at the input end of the line; parallel tuning when
simple and gives the optimum operating conditions quickly and with certainty.
there is a voltage loop at the input end. In the
series case, the circuit formed by LI, CIand C2
with the line terminals short-circuited should
"TUNED" LINES
tune to the operating frequency. C1and e2 should
If the s.w.r. on a transmission line is high
be maintained at equal capacitance. In the
enough to cause the input impedance to change
parallel case, the circuit formed by LI and C1
appreciably as the applied frequency is varied,
should tune to resonance with the line disconnected.
CI

(A)

e
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The L/C ratio in either circuit depends on the
transmission line Zo and the standing-wave ratio.
With series tuning, a high L/C ratio must be
used if the s.w.r. is relatively low and the line
Zo is high. With parallel tuning, alow L/C ratio
must be used if the s.w.r. is relatively low and the
transmission-line Zo also is low. With either series
or parallel tuning the L/C ratio becomes less
critical when the s.w.r. is high. As afirst approximation, L and C values of the same order as
those used in the plate tank circuit may be tried.
To adjust the series-tuned circuit, first couple
L1loosely to the amplifier tank coil and then vary
C1 and C2, keeping their capacitances equal,
until the setting is found that makes the amplifier
plate current kick upward. Keep adjusting the
amplifier tank condenser, C, for minimum plate
current while this is being done. When the proper
settings are found, increase the coupling between
the two coils until the amplifier draws normal
plate current with C adjusted for minimum. It is
unnecessary to readjust C1 and C2 when the
coupling is increased. Keep the coupling between
the coils at the smallest value that will load the
amplifier properly. If full loading cannot be obtained with the tighest possible coupling, use a
coil of more inductance at LI.
The same adjustment procedure is used with
parallel tuning, except that there is only one
condenser, C1.If full loading cannot be secured,
reduce the inductance of L1 and increase C1 correspondingly to maintain the same frequency.
The r.f. ammeters shown in Fig. 13-25 are not
strictly necessary, but are useful for indicating
maximum output. They may be omitted if desired; in most cases the amplifier plate current is
a good enough indication of output, providing
the amplifier is operating at normal ratings and
efficiency.
In case full loading cannot be obtained even

SERIES

PARALLEL
Fig. 13-26 — Link-coupled series and parallel tuning.
when the L/C ratio is varied, the type of tuning
in use probably is not suitable and should be
changed; e.g., from series to parallel. If satisfactory loading still cannot be secured, the probabil-

ity is that the s.w.r. is quite low and the coupling
methods designed for flat lines should be used.
Two condensers are used in the series-tuned
circuit in order to keep the line balanced to
ground. This is because two identical condensers,
both connected with either their stators or rotors
to the line, will have the same capacitance to
ground. A single condenser would be perfectly
usable so far as the operation of the coupling
circuit is concerned, but will slightly unbalance
the circuit because the frame has more capacitance to ground than the stator. The unbalance is
not serious unless the condenser is mounted near
alarge mass of metal, such as achassis.
A balanced condenser is used in the parallel
circuit, in preference to asingle unit, for the same
reason. An alternative scheme to maintain balance is to use two single-ended condensers in
parallel, but with the frame of one connected to
one side of the line and the frame of the other
connected to the other side of the line. The same
two condensers may be switched in series when
series tuning is to be used.
Link Coupling
The circuits shown in Fig. 13-25 require a
means for varying the coupling between two
sizable coils, a thing that is somewhat inconvenient constructionally. It is easier to use
separate fixed mountings for the final tank and
antenna coils and couple them by means of a
link. As explained in the chapter on circuit
fundamentals, ashort link is equivalent to providing mutual inductance between two tuned circuits. Typical arrangements for series and parallel
tuning are shown in Fig. 13-26. Although these
drawings show variable coupling at both ends
of the link, afixed link coil can be used at either
end so long as variable coupling is available at
the other.
There is no essential difference between
the tuning procedures with these circuits and
those of Fig. 13-25. The only change is that
the coupling is adjusted by means of a link
instead of by varying the spacing between
Li
ne L and LI.
In cases where the link will be more than a
few inches long, or when coaxial cable is to be
used for the link, it is much better to consider
the link as a transmission line that should be
properly matched. The circuit of Fig. 13-24 is
recommended in that case, except that either
aseries- or parallel- tuned circuit is substituted
for CiL3 in that figure. The same considerations apply with respect to the sizes of the link
tine coils, and the best adjustment procedure is
that using an s.w.r. bridge.
Lines of Random Length
Series or parallel tuning will always work
satisfactorily with lines having a high standing-wave ratio so long as the electrical length
of the line is approximately amultiple of aquarter
wavelength. However, it is not always possible to
couple satisfactorily when intermediate line
lengths are used. This is because at some lengths
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the input impedance of the line has aconsiderable
reactive component, and because the resistive
component is too large to be connected in series
with atuned circuit and too low to be connected
in parallel.
The coupling system shown in Fig. 13-24 is
capable of handling the resistive component of
the input impedance of the transmission lines
used in most amateur installations, regardless of
the standing-wave ratio on the line. Consequently, it can generally be used wherever either
series or parallel tuning would normally be called
for, simply by setting the taps properly on the
coil. (A possible exception is where the s.w.r. is
considerably higher than 10 to 1 and the line
length is such as to bring a current loop at the
input end. In such a case the resistance may be
only a few ohms, which is difficult to match by
means of taps on acoil.)
Within limits, the same circuit is capable of
being adjusted to compensate for the reactive
component of the input impedance; this merely
means that a 1to 1s.w.r. in the link will be obtained at a different setting of C1 ( Fig. 13-24)
than would be the case if the line " looked like"
a pure resistance. Sometimes, however, C1 does
not have enough range available to give complete
compensation, particularly when (as is the case
with some line lengths when the s.w.r. is high)
the input impedance is principally reactive.
Under such conditions it is necessary, if the
line length cannot be changed to amore satisfactory value, to provide additional means for
compensating for or " cancelling out" the reactive
component of the input impedance. As described
earlier in this chapter ( Fig. 13-6) the input impedance can be considered to be equivalent to a
circuit consisting either of resistance and inductance or resistance and capacitance. It is generally
more convenient to consider these elements as a
parallel combination, so if the line " looks like"
L'R' at A in Fig. 13-6, it is apparent that if we
connect a capacitance of the right value across
L' the circuit will become resonant and will appear to be a pure resistance of the value R'.
Similarly, connecting an inductance of the right
value across C' in Fig. 13-6B will resonate the
circuit and the impedance will be equal to R'.
The resistive impedance that remains can easily
be matched to the coax link by means of the
circuit of Fig. 13-24.
The practical application of this principle is
shown in Fig. 13-27, where L and C are the reactances required to cancel out the line reactance,

L for eases where the line is capacitive, C for lines
having inductive reactance. The amount of either
inductance or capacitance required is easily
determined by trial. Using the s.w.r. bridge in
the coax link, first disconnect the main transmission line and connect a noninductive resistor to
the line terminals. A
or 1-watt carbon resistor
of about the same resistance as the line Zo will do.
Adjust the coil taps and C1 for a 1to 1îtandingwave ratio in the link, as described earlier. This
determines the proper setting of C1 for a purely
resistive load. Then take off the resistor and connect the line, again adjusting the taps and C1 for
minimum s.w.r. If a 1to 1ratio can be obtained
further compensation is not needed, but if not,
make the s.w.r. as low as possible and compare the
new setting of C1 with the original setting. If the
capacitance has increased, the line reactance is
inductive and acondenser must be connected at
Cin Fig. 13-27. The amount of capacitance needed
to bring the proper setting of C1 near the original
setting can be determined by trial. On the other

Line
To
Transmitter =

Line
- L
3
Fig. 13-27 — Reactance cancellation on random-length
lines having ahigh standing-wave ratio.
hand, if the capacitance of C1 is less than the
original, an inductance must be connected at L.
Trial values will show when the proper tuning
conditions have been reached. It is not necessary
that C1 be at exactly the original setting after the
compensating reactance has been adjusted; it is
sufficient that it be somewhere in the same
vicinity.
Using this procedure practically any length of
line can be coupled properly to the transmitter,
even when the line s.w.r. is quite high. Unfortunately, no specific values can be suggested for
L and C, since they vary widely with line length
and s.w.r. Their values usually are comparable
with the values used in the regular coupling circuits at the same frequency.

Coupler or Matching Circuit Construction
The design of matching or " antenna coupler"
circuits has been covered in the preceding section,
and the adjustment procedure also has been outlined. Since circuits of this type are most frequently used for transferring power from the
transmitter to a parallel-conductor transmission
line, a principal point requiring attention is that
of maintaining good balance to ground. If the
coupler circuit is appreciably unbalanced the

currents in the two wires of the transmission line
will also be unbalanced, resulting in radiation
from the line.
In most cases the matching circuit will be
built on a metal chassis, following common
practice in the construction of transmitting units.
The chassis, because of its relatively large area,
will tend to establish a"ground" — even though
not actually grounded — particularly if it is
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assembled with other units of the transmitter in
a rack or cabinet. The components used in the
coupler, therefore, should be placed so that they
are electrically symmetrical with respect to the
chassis and to each other.
In general, the construction of acoupler circuit
should physically resembh• the tank layouts used
with push-pull amplifiers. In parallel- tuned circuits asplit-stator condenser should be used. The
condenser frame should be insulated from the
chassis because, depending on line length and
other factors, harmonie reduction and line balance may be improved in some cases by grounding and in others by not grounding. It is therefore
advisable to adopt construction that permits
either. Provision also should be made for grounding the center of the coil, for the same reason.
The coil in a parallel- tuned circuit should be
mounted so that its hot ends are symmetrically
placed with respect to the chassis and other components. This equalizes stray capacitances and
helps maintain good balance.
When the coupler is of the type that can be
shifted to series or parallel tuning as required,
two separate single-ended condensers will be
satisfactory. As described earlier, they should be
connected so that both frames go to the same
side of the circuit — i.e., either to the coil or to
the line — for series tuning, and should be connected frame-to-stator for parallel tuning.
A coupler designed and adjusted so that the
connecting link acts as amatched transmission line
may be placed in any convenient location. Some
amateurs prefer to install the coupler at the
point where the main transmission line enters the
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Paw
Fig. 13-29 — Circuit diagram of the antenna coupler.
'1'he antenna changeover relay and r.f. ammeters are
convenient but not essential to the operation of the
coupler.
The ground ( X in the diagram) on the center of the
tank coil may be used or not, as required for best harmonic suppression.
C; — 100-aafd.-per-section, 1500-volt plate spacing per
section ( National 'FMK - 100D).
C2 — 90 nufd., 3000 volts, 2 amp. at 3 Mc., mica.
A — B.f. ammeter, scale range according to power and
antenna feeder system. For 300-ohm line op•
crating at legs than 3-to- 1 s.w.r., 0-1 amp. is
satisfactory for 100 watts r.f. output; 0-2 will
suffice for outputs up to 400 watts.
J; — Coax receptacle.
J2 — 115-volt receptacle, male ( Amphenol).
.13, J4 — Crystal socket, for FT-243-type pin spacing
(Millen 33102).
Ryi — Antenna relay, d.p.d.t. ( Ward Leonard 507-531).
Coil Data
Band

Li, turns

L2, turns

3.5-4 Mc.
24
8
7 Mc.
18
5
14 Mc.
10
3
28 Mc.
6
2
Li — No. 12 tinned wire, 23/2 inches dia., 6turns per inch
(11 & W 3905-1).
L2 — No. 14 tinned wire, 2 inches dia., 8 turns per inch
(B & W 3900).

station. This helps maintain aneat station layout
when an air-insulated parallel-conductor transnii›sion line is used. With solid-dielectric lines,
which lend themselves well to neat installation
indoors, it is probably more desirable to install
the coupler where it can be reached easily for
adjustment and band-changing. The use of
coaxial line between the transmitter and coupler
is strongly recommended if the link line is more
than a few inches long, for the reasons out lined
in the preceding section.

o

COAX-COUPLED MATCHING CIRCUIT

Fig. 13-28 — A matching circuit or antenna compler"
for use between a coaxial link line and a parallel.
conductor transmission line. Link coil design is optimum
for sufficient power transfer from aflat coaxial line.

The matching unit shown in Figs. 13-28 to
13-31, inclusive, is constructed according to the
design principles outlined earlier in this chapter.
It uses a parallel- tuned circuit with taps for
matching aparallel-conductor line through alink
coil to a coaxial line to the transmitter. It will
handle about 500 watts of r.f. power and will
work, without modification, into lines having
an s.w.r. below 3or 4to 1. If the s.w.r. is high,
it may be necessary to compensate for the reactive part of the input impedance of the line, at
certain line lengths, by using an additional coil
or condenser as discussed earlier. The necessity
for such compensation can be avoided, on lines
having a high s.w.r., by making the electrical
length of the line a multiple of a quarter wavelength.
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i-',. it. 30— Con,truction of coils used in the antenna
coupler. Connections to the link coil are made with short
lengths of wire soldered to the ends of the link winding.
The tank-coil turns should he spread slightly where the
connecting wires to the link pass through the coil, to
prevent short circuits. The link connections shemld be
run at right angles to the tank coil turns, insofar as
possible, to reduce capacitive coupling.
As shown by Fig. 13-29, the circuit includes an
antenna changeover relay and r.f. ammeters for
measuring feeder current. Neither is essential to
the operation of the coupler, but they are frequently used and the photographs show how
they may be incorporated in the coupler unit.
The coupler is fitted with crystal sockets for
plugs such as the Millen type 37412 for 300-ohm
line; the plug-and-socket arrangement facilitates
shifting antennas, in case two or more are available for different bands. The same plug-and socket combination may be used with lines of
other characteristic impedances, but other types
of plugs and sockets, or binding posts, may be
substituted.
The coils are constructed from commercial coil
material to meet the link inductance requirements outlined earlier in this chapter. The diameter of the link coil is such that it fits snugly
inside the tank coil, and once the coils are cut- to
the proper size they may be cemented togethey
at their tie-strips, using Duco cement. A typical
coil assembly is shown in Fig. 13-31, the coils
being mounted on Millen type 40305 plugs and
requiring no other support than the stiffness of
the short lengths of wire at the ends where they
go into the prongs on the plug. The taps on the
tank coil for matching are made by means ( f
Johnson type 235-860 clips.
The coupler is built on a7by 9by 2aluminum
chassis. The coil socket ( Millen 41305) is mounted
on brackets made from 1/16-inch aluminum cut
in strips ahalf inch wide, just high enough so that
the coil socket clears the tuning condenser comfortably. A vernier-type friction-drive dial ( National AM) is used on the tuning condenser. The
r.f. meters are mounted on apiece of bakelite set
behind arectangular cut-out in the 8by 12 metal
panel, the bakelite being used to reduce the
capacitance between the meters and the panel.
Each coil is provided with its own pair of clips
soldered to ashort length of 300-ohm line terminated in a plug. The line plug is inserted in a
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crystal socket mounted on top of the tuning condenser. This method avoids the necessity for
changing clip connections when changing coils.
The socket for the coax link is mounted centrally on the rear chassis edge. A length of coax
runs from this coax receptacle to the coil socket,
and is grounded where it goes through the chassis
(between the stator sections of the tuning condenser) to reach the coil socket. The a.c. plug
on the rear edge connects to the relay coil.
A fixed condenser, C2, can be connected in
parallel with C1 by flexible leads and banana
plugs. The sockets ( taken from jack-top binding
posts) are soldered to the lugs on the variable
condenser. C2 is used for padding the circuit on
the 3.5- Me, range only; a sufficiently large coil
for tuning with the 50 eidd. available in C1
cannot be mounted on the plug bar.
The L/C ratio in the coupler tank circuit is
not especially critical, so the dimensions given in
Fig. 13-29 can be varied within reason. The chief
point is that each coil must resonate, on the band
for which it is made, with the tuning ccndenser.
Fairly low C is preferable to high C, but the
limitation on L/C ratio at 3.5 Mc. is the size of
the coil required. The plug bar will mount a 4inch-long coil comfortably. With the 3.5-Mc, coil
dimensions given in Fig. 13-29 the coil is just
slightly longer than the bar and is easily mounted.
Additional support is given this coil by running a
No. 4screw through the end holes in the bar and
fastening a soldering lug under the nut: the coil
ends are soldered to t
his lug as well as to the pins
in the plug.
The link coils specified llave adequai e indur-

Fig. 13-31 — Rear view of the antenna coupler. Connections to the coax link, to the receiver antenna posts, and
to the 115-volt supply for the relay are through socket»
on the rear edge of the chassis.
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tance for full coupling with either 52- or 75-ohm
coaxial link lines.
The preferable method of adjusting the coupler
is that using an s.w.r. bridge, designed for the
eharacteristic impedance of the coaxial line used
for the link, as described in a preceding section
in this chapter.
•

Link to
Transmitter

Feeders

(A)

SERIES PARALLEL COUPLER FOR
WALL MOUNTING

Fig. 13-32 shows a link- coupled coupler designed for series or parallel tuning of aresonant
line. It is suitable for transmitters having a
power output in the neighborhood of 250 watts.
A higher-power version easily could be made
using asimilar layout, but .substituting heavier
coils and condensers with greater plate spacing.
As shown in Fig. 13-33, the change from
series to parallel tuning is made by means of
jumpers and extra pins on the coil plug bar.
A separate coil is used for each band, and after
determining which should be used, series or
parallel tuning, on a particular band, jumpers may be installed permanently or left off as
required. The tuning condensers specified, together with aset of standard plug-in transmitting coils, should provide adequate coupling if
the tran ,mission-line length is such as to bring
a volta ue or current loop near the input end.

Link

Feeders

(B)
Fig. 13-33 — Circuit diagram of an antenna coupler for
use with a medium- power transmitter. A — Series tunjug. H — Parallel tuning.
CI,C2 — 100 -µpfd. single section variable, 0.070-inch
spacing ( Cardwell MT- 100-GS).
— B & Vi BVI. series.
A — 0-2.5 thermocouple r.f. ammeter.
The unit is mounted on an 8 X 12 X %-inch
board for hanging on the wall in any convenient
location near the entrance point of the feeders.
The 2.5-ampere r.f. ammeter is mounted centrally by long wood screws through spacers at
the top of the unit. A short length of twisted
pair connects it to the thermocouple, secured
in a horizontal position at the bottom of
the backboard. The tuning condensers are
mounted on the underside of a 4-inch shelf
extending the width of the unit. Atop the
shelf, the jack bar for the coil is supported on
pillars by wood screws. An extension shaft to
vary the degree of coupling is supported by a
bushing fastened to ashort strip of brass at the
right of the shelf. A short length of 300-ohm
ribbon ( coaxial cable can be used instead) connects the input terminals to the movable link,
while the output terminals are located at the
middle right of the backboard. Two screw
eyes at the top permit the unit to be hung from
screws or nails in the wall.
The variable-link windings of manufactured
coils may not give adequate coupling unless the
length of the link-line to the transmitter is adjusted, by cut-and-try, for optimum results. As
an alternative, the coil sets may be wound as
described for the antenna coupler shown in Fig.
13-28. The coil dimensions given will be satisfactory for use in the circuit of Fig. 13-33, and
providing acoaxial link is used the coupling will
be independent of link- line length when adjusted
by means of an s.w.r. bridge.
•

Fig. 13,32 — A wall-mounting antenna coupler for
medium-power transmitters. This unit provides achoice
of either series or parallel tuning for resonant feeders.
Standard transmitting coils of the variable-link type
are used.

to

Transmitter

RACK MOUNTING SERIES PARALLEL
COUPLER

The 2
auk- mounting coupling unit show in in
Fig. 13-34 is suitable for power outputs of 25
to 50 watts, and provides either series or
parallel tuning for resonant lines. Separate
condensers are used for this purpose, and while
three are required, this system has the advantage that no switching is necessary when
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changing from series to parallel tuning. It is also possible to cover a
somewhat wider range of line input
impedances with parallel tuning because the series condensers can be
used to help cancel out inductive
reactance that cannot be handled by
the parallel circuit alone.
The coupler is mounted on a 5
X 19-inch panel. The parallel condenser, CI,is in the center, with u,
and C3 on either side. The variable
condensers are mourited on National
GS- 1 stand-off insulators which are
fastened to the condenser tie- rods by
means of machine screws with the
heads cut off. Small ceramic shaft
couplings are used to insulate the Fig. 13-34 — Rack-mounted coupler for low-power transmitters. This
control knobs from the condenser unit uses three variable condensers to provide either series or parallel
shafts,
tuning without condenser switching.
Clips with flexible leads attached are prow A WIDE RANGE ANTENNA
vided for the parallel condenser, C I,so that the
COUPLER
sections may be used either in series or parallel
to form either a high- C or low- C tank circuit.
The photograph of Fig. 13-36 shows the conWhen the high- C tank is necessary the two stastructional details of a wide- range antenna
tors are connected together by means of the
coupler suitable for use with high- power transclips, as indicated by the dotted lines in the
mitters. Various combinations of parallel and
circuit diagram, Fig. 13-35. When the two secseries tuning, with high- and low- C tanks and
tions are connected in series for low- Coperation
high- and low-impedance outputs, are availthe breakdown voltage is increased.
able. Diagrams of the various circuit comTwo sets of variable condensers are sugbinations possible with this arrangement are
gested in the list of parts. The smaller receivgiven in Fig. 13-37.
ing-type condensers with 0.03-inch air gap are
A separate coil is used for each band, and the
satisfactory for transmitter power outputs up
desired connections for series or parallel tuning
to 50 watts. The larger condensers, with 0.045with high or low C, or for low i
mpedance output
inch spacing, are required for transmitter outwith high or low C, are automatically made
puts of the order of 100 watts.
when the coil is plugged in. Coil connections
to the pins for various circuit arrangemcnts are
Feeders
shown in Fig. 13-37.
The tuning condenser specified, together
C
3
with a set of standard plug-in transmitting
coils, should cover nearly all coupling conditions likely to be encountered.
Because the switching connections require
the use of a central pin, a slight alteration in
the B & W coil- mounting unit is required. The
central link- mounting unit should be removed
from the jack- bar and an extra jack placed in
the central hole thus made available. The link
assembly should then be mounted on a,. 2-inch
Link input
cone insulator to one side of the jack bar.
Fig. 13-35 — Circuit of the rack-mounting antenna
Correspondingly, the central nut on each coil
tuner for use with transmitters having final amplifiers
plug base must be removed and a Johnson
tILIt are operated at less than 1000 volts on the plate.
1l1 coils are 1
/8 inches in diameter and .2!.4 inches
7
tapped plug, similar to those furnished with
long, with the variable link located at the ('enter. For
the coils, substituted. An extension shaft may
series tuning, use the coil specified for the next- higher
then be fitted on the link shaft and a control
frequency band, which mill be approximately correct.
brought out to a knob on the panel.
C1 — 100 mad. per section, 0.045-inch spacing ( Nati (((( al
The split-stator tank condenser is mounted
TMK-100-D) for high voltages; receking type
for low voltages ( Ilammarlund MCI)- 100).
by means of angle brackets on four 1-inch
C3 — 250 io,fd., 0.026-inch spacing ( National
cone- type ceramic insulators, and an irmilated
TMS-250) for high voltages; receiving type for
flexible coupling is provided for the shaft.
low voltages ( Ilammarlund MC-250).
If desired, the coils may be wound with
L — B & W JVL-series coils. Approximate dimensions
for parallel tuning for each band are as follows:
fixed links on ceramic transmitting coil forms.
3.5-Mc. band — 40 turns No. 20.
The links should be provided with flexible
7- Me. band — 24 turns No. 16.
leads which can be plugged into apair of jack14-Mc. band — 14 turns No. 16.
28Mo. baud — 8turns No. 16.
top insulators mounted near the coil jack strip,
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•
Fig. 13-36— Wide-range antenna coupler.
The unit is assembled on a metal chassis
measuring 10 X 17 X 2inches, with apanel
8,3,
4 X 19 inches in size. The variable condenser is asplit-stator unit with acapacitance
of 200 ppfd. per section and 0.07-inch plate
spacing (Johnson 200ED30). The plug-in
coils are the B & W TVL series. The r.f. ammeter has a4-ampere scale.

•
unless a special mounting is made providing
for seven connections.
The unit as described should be satisfactory
for transmitters having an output of 500 watts
with plate modulation and somewhat more on
c.w. For higher-power ' phone, atank condenser
with larger plate spacing should be used.

In case there is difficulty in loading the transmitter with particular lengths of link line, adequate coupling usually can be secured by tuning
the link circuit as described earlier in this chapter.
On the lower frequencies it may be necessary to
add inductance in series with the link coil in
order to raise the Q of the link circuit to a sufficiently high value for good coupling.
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Fig. 13-37 — Circuit diagram of the wide-range rack-type antenna coupler. A — Parallel tuning,
low C. B — Parallel tuning, high C. C — Series tuning, low C. D — Series t
g, high C. E — Parallel tank, low-impedance output, low C. F — Parallel tank, low-impedance output, high C. After the
inductance required for each of the various bands has been determined experimentally, the connections to the coils can be made permanent. Then it will be necessary only to plug in the right coil for
each band, tune the condenser for resonance, and adjust the link loading.

CHAPTER 14

Antennas
An antenna system can be considered to include the antenna proper (the portion that
radiates the r.f. energy), the feedline, and any
coupling devices used for transferring power
from the transmitter to the line and from the
line to the antenna. Some simple systems may
omit the transmission line or one or both of
the coupling devices. This chapter will describe
the antenna proper, and in many cases will
show popular types of lines, as well as line-toantenna couplings where they are required.
However, it should be kept in mind that any
antenna proper can be used with any type of
feedline if a suitable coupling is used between
the antenna and the line. Changing the line
does not change the type of antenna.
Selecting an Antenna
In selecting the type of antenna to use, the
majority of amateurs are somewhat limited
through space and structural limitations to
simple antenna systems, except for v.h.f. operation where the small space requirements
make the use of multielement beams readily
possible. This chapter will consider antennas
for frequencies as high as 30 Mc. — a later
chapter will describe the popular types of
v.h.f. antennas. However, even though the
available space may be limited, it is well to
consider the propagation characteristics of the
frequency band or bands to be used, to insure
that best possible use is made of the available
facilities. The propagation characteristics of
the various bands, up to 30 Mc., are described
in Chapter Four. In general, antenna construction and location become more critical and important on the higher frequencies. On the
lower frequencies (3.5 and 7 Mc.) the vertical
angle of radiation and the plane of polarization may be of relatively little importance; at
28 Mc. they may be all-important. On agiven
frequency, the particular type of antenna best
suited for long-distance communication may
not be as good for shorter-range work as would
a different type.
Definitions
The important properties of an antenna
proper are its polarization, vertical and horizontal angles of maximum radiation, impedance, gain and bandwidth.
The polarization of a straight-wire antenna
is determined by its position with respect to
the earth. Thus a vertical antenna radiates
vertically-polarized waves, while a horizontal

antenna radiates horizontally-polarized waves
in a direction broadside to the wire and
vertically-polarized waves at high vertical
angles off the ends of the wire. The wave from
an antenna in a slanting position, or from the
horizontal antenna in directions other than
mentioned above, contains both horizontal
and vertical components.
The vertical angle of maximum radiation
of an antenna is determined by the free-space
pattern of the antenna, its height above
ground, and the nature of the ground. The
angle is measured in a vertical plane with respect to a tangent to the earth at that point,
and it will usually vary with the herizontal
angle, except in the case of a simple vertical
antenna. The horizontal angle of maximum
radiation of an antenna is determined by the
free-space pattern of the antenna.
The impedance of the antenna at any point
is the ratio of the voltage to the current at that
point. It is important in connection with feeding power to the antenna, since it constitutes
the load to the line offered by the antenna. It
can be either resistive or complex, depending
upon whether or not the antenna is resonant.
The field strength produced by an antenna is
proportional to the current flowing in it. When
there are standing waves on an antenna, the
parts of the wire carrying the higher current
have the greater radiating effect. All resonant
antennas have standing waves — only terminated types, like the terminated rhombic
and terminated " V," have substantially uniform current along their lengths.
The ratio of power required to produce a
given field strength, with a "comparison" antenna, to the power required to produce the
same field strength with aspecified type of antenna is called the power gain of the latter
antenna. The field is measured in the optimum
direction of the antenna under test. In amateur
work, the comparison antenna is generally a
half-wave antenna at the same height and
having the same polarization as the antenna
under consideration. Power gain usually is expressed in decibels.
In unidirectional beams (antenna systems
with maximum radiation in only one direction) the front-to-back ratio is the ratio of
power radiated in the maximum direction to
power radiated in the opposite direction. It is
also ameasure of the reduction in received signal when the beam direction is changed from
that for maximum response to the opposite
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direction. Front-to-back ratio is usually expressed in decibels.
The bandwidth of an antenna generally
refers to the frequency range over which the

gain and impedance are substantially constant. It is of importance primarily in connection with multielement beams fed by a " flat"
transmission line.

Ground Effects
The radiation pattern of any antenna that
is many wavelengths distant from the ground
and all other objects is called the free- space
pattern of that antenna. The free-space pattern of an antenna is almost impossible to obtain in practice, except in the v.h.f. and u.h.f.
ranges. Below 30 Mc., the location of the antenna with respect to ground plays an important part in determining the actual radiation
pattern of the antenna.
When any antenna is near the ground the
free-space pattern is modified by reflection of
radiated waves from the ground, so that the
actual pattern is the resultant of the free-space
pattern and ground reflections. This resultant
is dependent upon the height of the antenna,
its position or orientation with respect to the
surface of the ground, and the electrical
characteristics of the ground. The effect of a
perfectly-reflecting ground is such that the
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Fig. 14-1— Effect of ground on radiation of horizontal
antennas at vertical angles for four antenna heights.
This chart is based on perfectly-conducting ground.

original free-space field strength may be
multiplied by a factor which has a maximum
value of 2, for complete reinforcement, and
having all intermediate values to zero, for
complete cancellation. These reflections only
affect the radiation pattern in the vertical
plane — that is, in directions upward from the
earth's surface — and not in the horizontal
plane, or the usual geographical directions.
Fig. 14-1 shows how the multiplying factor
varies with the vertical angle for several
representative heights for horizontal antennas.
As the height is increased the angle at which
complete reinforcement takes place is lowered,
until for a height equal to one wavelength it
occurs at avertical angle of 15 degrees. At still

greater heights, not shown on the chart, the
first maximum will occur at still smaller angles.
Radiation Angle
The vertical angle of maximum radiation, is
of primary importance, especially at the higher
frequencies. It is advantageous, therefore, to
erect the antenna at a height that will take
advantage of ground reflection in such away as
to reinforce the space radiation at the most desirable angle. Since low angles usually are most
effective, this generally means that the antenna
should be high — at least one-half wavelength
at 14 Mc., and preferably three-quarters or
one wavelength, and at least one wavelength,
and preferably higher, at 28 Mc. The physical
height required for a given height in wavelengths decreases as the frequency is increased,
so that good heights are not impracticable; a
half- wavelength at 14 Mc. is only 35 feet, approximately, while the same height represents
afull wavelength at 28 Mc. At 7Mc. and lower
frequencies the higher radiation angles are
effective, so that again auseful antenna height
is not difficult of attainment. Heights between
35 and 70 feet are suitable for all bands, the
higher figures being preferable.
Impel fect Ground
Fig. 14-1 is based on ground having perfect
conductivity, whereas the actual earth is not
a perfect conductor. The principal effect of
actual ground is to make the curves inaccurate
at the lowest angles; appreciable high-frequency radiation at angles smaller than a few
degrees is practically impossible to obtain
over horizontal ground. Above 15 degrees,
however, the curves are accurate enough for
all practical purposes, and may be taken as
indicative of the result to be expected at angles
between 5and 15 degrees.
The effective ground plane — that is, the
plane from which ground reflections can be
considered to take place — seldom is the actual
surface of the ground but is a few feet below
it, depending upon the character of the soil.
Impedance
Waves that are reflected directly upward
from the ground induce a current in the antenna in passing, and, depending on the antenna height, the phase relationship of this
induced current to the original current may be
such as either to increase or decrease the total
current in the antenna. For the same power
input to the antenna, an increase in current is
equivalent to a decrease in impedance, and
vice versa. Hence, the impedance of the an-
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tenna varies with height. The theoretical curve
of variation of radiation resistance for an antenna above perfectly-reflecting ground is
shown in Fig. 14-2. The impedance approaches
the free-space value as the height becomes
large, but at low heights may differ considerably from it.
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Choice of Polarization
Polarization of the transmitting antenna is
generally unimportant on frequencies between
3.5 and 30 Mc. However, the question of
whether the antenna should be installed in a
horizontal or vertical position deserves consideration for other reasons. A vertical halfwave or quarter-wave antenna will radiate
equally well in all horizontal directions, so that
it is substantially nondirectional, in the usual
sense of the word. If installed horizontally,
however, the antenna will tend to show directional effects, and will radiate best in the direction at right angles, or broadside, to the wire.
The radiation in such acase will be least in the
direction toward which the wire points.
The vertical angle of radiation also will be
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Fig. 1.4.2 — Theoretical curve of variation of radiation
resistance for a half-wave horizontal antenna, as a
function of height in wavelength above pertectly-refleeting ground.

affected by the position of the antenr a. If it
were not for ground losses at high frequencies,
the vertical half-wave antenna would be preferred because it would concentrate the radiation horizontally.

The Half- Wave Antenna
The fundamental form of antenna is asingle
wire whose length is approximately equal to
half the transmitting wavelength. It is the
unit from which many more-complex forms of
antennas are constructed. It is variously
known as a half-wave dipole, half- wave doublet, or Hertz antenna.
The length of a half- wavelength in space is:
Length (
feet) —

492
Freq. (Mc.)

(14-A)

The actual length of a half- wave antenna
will not be exactly equal to the half- wave
in space, but depends upon the thickness of the
conductor in relation to the wavelength as
shown in Fig. 14-3, where K is a factor that
must be multiplied by the half- wavelength in
free space to obtain the resonant antenna
length. An additional shortening effect occurs
79

Vil Ii \% ire antennas supported by insulators at
the ( ii(ls because of the capacitance added to
the system by the insulators (
end effect).
The following formula is sufficiently accurate
for wire antennas at frequencies up to 30 Mc.:

Length of half- wave antenna (
feet) =
492 X 0.95 _
468
Freq. (
Mc.)
Freq. ( Mc.)

Example: A half-wave antenna for 7150 kc.
(7.15 Mc.) is e 54.- = 65.45 feet, or 65 feet 5
inches.

Above 30 Mc. the following formulas should
be used, particularly for antennas corstructed
from rod or tubing. K is taken from Fig. 14-3.
Length of half-wave antenna (feet) =
492 X K
(14-C)
Freq. (
Mc.)
or length (
inches) —
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Fig 14-3— Effect of antenna diameter on length for
half-wave resonance, shown as a multiplying factor, K,
to be applied to the free-space half-wavelength ( Equation 14-A). The effect of conductor diameter on the ills,
pedance measured at the center also is shown.

(14-B)

5905 X K
Freq. (
Mc.)

(14-D)

Example: Find the length of ahalf-wavelength
antenna at 29 Mc., if the antenna is made of 2inch diameter tubing. At 29 Mc., a half-wave492
length in space is = 18.97 feet, from Eq.
29
14-A. Ratio of half-wavelength to conductor
diameter (changing wavelength to inckes) is
16.97 X 12

- 101.8. From Fig. 14-3, K = 0.963
2
for this ratio. The length of the antenna, from
X
Eq. 14-C, is 492
9,963ss 46.34 feet, or 46 feet
110
4luches, The answer is obtained direnly in

hitches by enbstitution in Eq.
e" 196

juche,

14 D: 5905

;.9

0.969
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Current and Voltage Distribution
When power is fed to ahalf-wave antenna, the
current and voltage vary along its length. The
current is maximum at the center and nearly
zero at the ends, while the opposite is true of
the r.f. voltage. The current does not actually
reach zero at the current nodes, because of the
end effect; similarly, the voltage is not zero at
its node because of the resistance of the antenna, which consists of both the r.f. resistance

The radiation resistance of an infinitelythin half-wave antenna in free space — that
is, sufficiently removed from surrounding objects so that they do not affect the antenna's
characteristics — is 73 ohms, approximately.
The value under practical conditions is commonly taken to be in the neighborhood of 70
ohms. It is pure resistance, and is measured
at the center of the antenna. The impedance
is minimum at the center, where it is equal
to the radiation resistance, and increases
toward the ends. The actual value at the
ends will depend on a number of factors,
such as the height, the physical construction, the insulators at the ends, and the position with respect to ground.
Conductor Size

The impedance of the antenna also depends
upon the diameter of the conductor in relation
to the wavelength, as shown in Fig. 14-3. If
the diameter of the conductor is made large,
the capacitance per unit length increases and
the inductance per unit length decreases.
Since the radiation resistance is affected relatively little, the decreased L/C ratio causes
the Q of the antenna to decrease, so that the
resonance curve becomes less sharp. Hence, the
antenna is capable of working over a wide
frequency range. This effect is greater as the
diameter is increased, and is aproperty of some
importance at the very-high frequencies where
the wavelength is small.

Fig. 14-5 — The free-space radiation pattern of a half.
wave antenna. The antenna is shown in the vertical
position. This is across-section of the solid pattern described by the figure when rotated on its vertical axis.
The "doughnut" form of the solid pattern can be more
easily visualized by imagining the drawing glued to a
piece of cardboard, ‘tith ashort length of wire fastened
on it to represent the antenna. Twirling the wire will give
a visual representation of the solid radiation pattern.

of the wire (
ohmic resistance) and the radiation
resistance. The radiation resistance is an
equivalent resistance, a convenient conception
to indicate the radiation properties of an antenna. The radiation resistance is the equivalent resistance that would dissipate the power
the antenna radiates, with acurrent flowing in
it equal to the antenna current at a current
loop ( maximum). The ohmic resistance of a
half-wavelength antenna is ordinarily small
enough, in comparison with the radiation reFig. 14-6 — Illustrating the
importance of vertical angle of
radiation in determining an.
tenna directional effects. Off
the end, the radiation is greater
at higher angles. Ground reflection is neglected in this
drawing of the free-space pattern of a horizontal antenna.

Fig. 14-7 — Horizontal pattern of a horizontal half.
wave antenna at three vertical radiation angles. The
solid line is relative radiation at 15 degrees. Dotted linee
show deviation from the 15-degree pattern for angles of
9and 30 degrees. The patterns are useful for shape only,
since the amplitude will depend upon the height of the
antenna above ground and the vertical angle considered.
The patterns for all three angles have been proportioned
to the same scale, but this does not mean that the maximum amplitudes necessarily will be the same. The arrow
indicates the direction of the horizontal antenna wire.
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Radiation Characteristics
The radiation from a half-wave antenna is
not uniform in all directions but varies with
the angle with respect to the axis of the wire.
It is most intense in directions perpendicular
to the wire and zero along the direction of the
wire, with intermediate values at intermediate
angles. This is shown by the sketch of Fig.
14-5, which represents the radiation pattern
in free space. The relative intensity of radiation is proportional to the length of a line
drawn from the center of the figure to the
perimeter. If the antenna is vertical, as
shown in the figure, then the field strength will
be uniform in all horizontal directions; if the
antenna is horizontal, the relative field strength
will depend upon the direction of the receiving
point with respect to the direction of the antenna wire. The variation in radiation at various vertical angles from a half- wavelength
horizontal antenna is indicated in Figs. 14-6
and 14-7.

•FEEDING

THE HALF-WAVE
ANTENNA
Direct Feed

If possible, it is advisable to locate the antenna at least a half-wavelength from the
transmitter and use a transmission line to
carry the power from the transmitter to the

X,ntr
tan*

(
A)

s/z

Xnstr tank

N

Shart Connect eons

(B)

tent, tank

(C)

Fig. 14-8— Methods
of directly exciting the
half-waxe antenna. A,
current feed, series tuning; B. voltage feed,
capacitive coupling; C,
voltage feed, with in.
ductively-coupled antenna tank. In A. the
coupling circuit.is not
included in the effective
electrical length of the
antenna system proper.

antenna. However, in many cases this is impossible, particularly on the lower frequencies,
and direct feed must be used. Three examples
of direct feed are shown in Fig. 14-8. In the
method shown at A, C1 and C2 should be about
150 µdd. each for the 3.5- Mc. band, 75 µJIM.
each at 7 Mc., and proportionately smaller
at the higher frequencies. The antenna coil
connected between them should resonate to
3.5 Mc. with about 60 or 70 µdd., for the 80meter band, for 40 meters it should resonate
with 30 or 35 add., and so on. The circuit is
adjusted by using loose coupling between the
antenna coil and the transmitter tank coil and
adjusting C1 and C2 until resonance is indicated by an increase in plate current. The
coupling between the coils should then be increased until proper plate current is drawn. It
may be necessary to reresonate the transmitter
tank circuit as the coupling is increased, but
the change should be small.

The circuits in Fig. 14-8B and C are used
when only one end of the antenna is accessible.
In B, the coupling is adjusted by moving the
tap toward the " hot" or plate end of the tank
coil — the condenser C may be of any convenient value that will stand the voltage, and
it doesn't have to be variable. In the circuit
at C, the antenna tuned circuit ( C1 and the
antenna coil) should be similar to the transmitter tank circuit. The antenna tuned circuit is adjusted to resonance with the antenna
connected but with loose coupling to the
transmitter. Heavier loading of the tube is
then obtained by tightening the coupling between the antenna coil and the tranunitter
tank coil.
Of the three systems, that at A is preferable
because it is a symmetrical system and generally results in less r.f. power " floating" around
the shack. The system of B is undesirable because it provides practically no protection
against the radiation of harmonics, and it
should only be used in emergencies.
Transmission-Line Feed for
Half- Wave Antennas
Since the impedance at the center of a halfwavelength antenna is in the vicinity of 75
ohms, it offers a good match for 75-ohm twowire transmission lines. Several types are
available on the market, with different powerhandling capabilities. They can be connected in
the center of the antenna, across asmall strain
insulator to provide a convenient connection
point. Coaxial line of 75 ohms impedance can
also be used, but it is heavier and thus not as
convenient. In either case, the tranb.mission
line should be run away at right anglas to the
antenna for at least one-quarter wavelength, if
possible, to avoid current unbalance in the
line caused by pick-up from the antenna. The
antenna length is calculated from Equation
14-B, for a half-wavelength antenna. When
No. 12 or No. 14 enameled wire is used for the
antenna, as is generally the case, the length of
the wire is the over-all length measured from
the loop through the insulator at each end.
This is illustrated in Fig. 14-9.
The use of 75-ohm line results in a " flat"
line over most of any amateur band. However,
by making the half- wave antenna in a special
manner, called the two- wire or folded dipole,
a good match is offered for a 300-ohm line.
Such an antenna is shown in Fig. 14-10. The
open-wire line shown in Fig. 14-10 is made of

Half-wavelength from formula ------1
-

Solder joint
No.12 or
›lo.14 wire

4L111X1

Solder joint
75-ohm Twin-Lead
or coaxial line

Fig. 14-9 — Construction of a half-wave doublet fed
with 75-ohm line. The length of the antenaa is calculated from Equation 14-B or Fig. 14-4.
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1

.--- Half wavelength from formula

Lightweight spacers
fled in place with
No. 18 wire

sary. The length of the antenna, L, is calculated from Equation 14-B or Fig. 14-4. The
length of section C is computed from:
C(
feet) —

Solder joint

E (
feet) —

No. 12 or No. 14 enameled wire, separated by
lightweight spacers of Lucite or other material
(it doesn't have to be a low-loss insulating
material), and the spacing can be on the order
of from 4 to 8 inches, depending upon what is
convenient and what the operating frequency
is. At 14 Mc., 4- inch separation is satisfactory,
and 8-inch or even greater spacing can be used
at 3.5 Mc.
The half- wavelength antenna can also be
made from the proper length of 300- ohm line,
opened on one side in the center and connected
to the feedline. After the wires have been
soldered together, the joint can be strengthened by molding some of the excess insulating
material ( polyethylene) around the joint with
a hot iron, or a suitable lightweight clamp of
two pieces of Lucite can be devised.
Half wavelength frcen formula
r.
a.<

Solder joint

(14-E)

The feeder clearance, E, is found from

300- ohm
Twin -Lead

Fig. 14-10 -- The construction of an open- wire folded
doublet fed with 300-ohm line. The length of the antenna is calculated from Equation 14-14 or Fig. 14- t.

Lightweight
spacers

118
Freq. ( Mc.)

Wood or
mend spacer

600- ohm
open-wire line
Fig. 14-11 — The construe ion of a 3-wire folded dipole
is similar to that of the 2-w're folded dipole. The end
spacers may have to be slight y stronger than the others
because of the greater compression force on them. The
length of the antenna is obtained from Equation 14-1i
or Fig. 14-4. A suitable line can be made from No. 14
wire spaced 43X2 to 5 inches, or from No. 12 wire spaced
6 inches.

Similar in some respects to the two- wire
folded dipole, the three- wire folded dipole of
Fig. 14-11 offers a good match for a 600-ohm
line. It is favored by amateurs who prefer to
use an open- wire transmission line instead of
the 300-ohm insulated line. The three wires of
the antenna proper should all be of the same
diameter.
Another method for offering a match to a
600-ohm open-wire line with ahalf- wavelength
antenna is shown in Fig. 14-12. The system is
called a delta match. The line is "fanned"
as it approaches the antenna, to have agradually-increasing impedance that equals the antenna impedance at the point of connection.
The dimensions are fairly critical, but careful
measurement before installing the antenna and
matching section is generally all that is neces-

148
Freq. (M C.)

(14-F)

Example: For afrequency of 7.1 Mc., the length
468
— = 65.01 feet, or 65 feet 11 inches.
7.1
118
C = — = 16.62 feet, or 16 feet 7inches.
7.1
148
E = — = 20.84 feet, or 20 feet 10 inches.
7.1
L

Fig. 14-12 — Delta-mate led antenna system. The dimensions C, D. and E a e found by formulas given in
the text. It is important that the matching section, E,
come straight ans a> from the antenna without any bends.

Since the equations hold only for 600-ohm
line, it is important that the line be close to
this value. This requires 4%
3 -inch spaced No.
14 wire, 6-inch spaced No. 12 wire, or 3%-inch
spaced No. 16 wire.
If a half- wavelength antenna is fed at the
center with other than 75-ohm line, or if a
two-wire dipole is fed with other than 300-ohm
line, standing waves will appear on the line
and coupling to the transmitter may become
awkward for some line lengths, as described
in the preceding chapter. However, in many
cases it is not convenient to feed the half- wave
antenna with the correct line (as is the case
where multiband operation of the same antenna is desired), and sometimes it is not convenient to feed the antenna at the center.
Where multiband operation is desired ( to be
discussed later) or when the antenna must be
1
«--- Halffromwavelength
formula

«—el
I
Half
from

--

formulath
—•4121110•111»
Solde
joint

iJ Joint
Nal2 or No.14 wire —
hard-drawn or
copperuld
(A):
Y /
To transmitter

Ceramic spacers tied in
place with No.I8 wire
No.% soft-drawn copper

I !(8)
V If
To transmitter

Fig. 14-13 — The half-wave antenna can be fed at the
center or at the end with an open-wire line. The antenna
length is obtained from Equation 14-B or Fig. 14-4.
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fed at one end by atransmission line, an openwire line of from 450 to 600 ohms impedance is
generally used. The impedance at the end of a
half-wavelength antenna is in the vicinity of
several thousand ohms, and hence astandingwave ratio of 4 or 5 is not unusual when the
line is connected to the end of the antenna. It
is advisable, therefore, to keep the losses in the
line as low as possible. This requires the use of

ceramic or Micalex feeder spacers, if any appreciable power is used. For low-power installations in dry climates, dry wood spacers
that have been boiled in paraffin are satisfactory. Mechanical details of half-wavelength
antennas fed with open-wire lines are given in
Fig. 14-13. If the power level is low, below 100
watts or so, 300-ohm Twin-Lead can be used
in place of the open line.

Long- Wire Antennas
An antenna will Ije resonant so long as all
integral number of standing waves of current
and voltage can exist along its length; in other
words, so long as its length is some integral
multiple of a half- wavelength. When the antenna is more than a half-wave long it usually
is called a long-wire antenna, or a harmonic
antenna.

4

A
6

Current and Voltage Distribution
Fig. 14-14 shows the current and voltage
distribution along a wire operating at its
fundamental frequency ( where its length is
equal to a half- wavelength) and at its second,
third and fourth harmonics. For example, if
the fundamental frequency of the antenna is 7
Mc., the current and voltage distribution will
be as shown at A. The same antenna excited at
14 Mc. would have current and voltage distribution as shown at B. At 21 Mc., the third
harmonic of 7 Mc., the current and voltage
distribution would be as in C; and at 28 Mc.,
the fourth harmonic, as in D. The number of
the harmonic is the number of half- waves con-

A
FUNDAMENTAL (HALF- WAVE)

2rAa HARMONIC ( FULL- WAVE)

3RD HARMONIC ( 1
4 /
WAVE)

4
Mo
t
3
2

2 3 4 5 6 7 8 9 10 11 12 13 14
.4,/revm LENGTH - A
Fig. 14-15 — Curve A shows variation in radiation resistance with antenna length. Curve B shows power in
lobes of maximum radiation for long.m ire antennas as a
ratio to the maximum radiation for ahalf-wave antenna.
tamed in the antenna at the particular operating frequency.
The polarity of current or voltage in each
standing wave is opposite to that in the adjacent standing waves. This is shown in the
figure by drawing the current and, voltage
curves successively above and below the antenna ( taken as a zero reference line), to indicate that the polarity reverses when the
current or voltage goes through zero. Currents
flowing in the same direction are in phase;
in opposite directions, out of phase.
It is evident that one antenna may be used
for harmonically-related frequencies, such as
the various amateur bands. The long-wire or
harmonic antenna is the basis of multiband
operation with one antenna.
Physical Lengths

411.

HARMONIC ( 2- WAVE)

Fig. 14-14 — Standing-wave current and voltage distribution along an antenna when it is operated at vari•
ous harmonics of its fundamental resonant frequency.

The length of a long-wire antenna is not an
exact multiple of that of a half-ware antenna
because the end effects operate only on the
end sections of the antenna; in other parts of
the wire these effects are absent, and the wire
length is approximately that of an equivalent
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second harmonic), because of the decreased influence of the end effects when the antenna is
more than one-half wavelength long. The effect
is not very important, except for apossible unbalance in the feeder system and consequent
radiation from the feedline. If the antenna is
fed in the exact center, no unbalance will
occur at any frequency, but end-fed systems
will show an unbalance in all but one frequency,
the frequency for which the antenna is cut.
Impedance and Power Gain
The radiation resistance as measured at a
current loop becomes larger as the antenna
length is increased. Also, a long-wire antenna
radiates more power in its most favorable direction than does a half-wave antenna in its
most favorable direction. This power gain is

Fig. 14-16 — Horizontal patterns of radiation from a
full-wave antenna. The solid line shows the pattern for a
vertical angle of 15 degrees; dotted lines show deviation
from the 15-degree pattern at 9and 30 degrees. All three
patterns are dram n to the same relative scale; actual amplitudes will depend upon the height of the antenna.

portion of the wave in space. The formula for
the length of along-wire antenna, therefore, is
Length ( feet) —

492 (
N -0. 05)

14-G

Freq. ( Me.)

where N is the number of half- waves on the
antenna.
Example: An antenna 4half- waves long at 14.2
Mc.

would be

492 (
4 — 0.05)

492 X 3.95

14.2

14.2

= 136.7 feet, or 136 feet 8inches.

It is apparent that an antenna cut as ahalfwave for a given frequency will be slightly off
resonance at exactly twice that frequency ( the
Fig. 14-18 — Horizontal patterns of radiation from an
antenna two wavelengths long. The solid line shows the
pattern for a vertical angle of 15 degrees; dotted lines
show deviation from the 15-degree pattern at 9 and 30
degrees. The minor lobes coincide for all three angles.
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Fig. 14-17 — Horizontal patterns of radiation from an
antenna three half- wares long. The solid line shows
the pattern for a vertical angle of 15 degrees; dotted
lines show deviation from the 15-degree pattern at 9 and
30 degrees. Minor lobes coincide for all three angles.

secured at the expense of radiation in other
directions. Fig. 14-15 shows how the radiation
resistance and the power in the lobe of maximum radiation vary with the antenna length.
Directional Characteristics
As the wire is made longer in terms of the
number of half- wavelengths, the directional
effects change. Instead of the " doughnut"
pattern of the half- wave antenna, the directional characteristic splits up into " lobes"
which make various angles with the wire. In
general, as the length of the wire is increased
the direction in which maximum radiation
occurs tends to approach the line of the antenna itself.
Directional characteristics for antennas one
wavelength, three half- wavelengths, and two
wavelengths long are given in Figs. 14-16,
14-17 and 14-18, for three vertical angles of
radiation. Note that, as the wire length in-
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creases, the radiation along the line of the antenna becomes more pronounced. Still longer
antennas can be considered to have practically
"end-on" directional characteristics, even at
the lower radiation angles.
Methods of Feeding

In a long-wire antenna, the currents in adjacent half-wave sections must be out of phase,
as shown in Fig. 14-14. The feeder system must
not upset this phase relationship. This requirement is met by feeding the antenna at
either end or at any current loop. A two- wire
feeder cannot be inserted at a current node,

however, because this invariably brings the
currents in two adjacent half- wave sections in
phase; if the phase in one section could be reversed, then the currents in the feedets necessarily would have to be in phase and the feeder
radiation would not be canceled out.
No point on a long-wire antenna offers a
reasonable impedance for a direct match to
any of the common types of transmission lines.
The most common practice is to feed the antenna at one end or at a current loop with a
low-loss open- wire line and accept the resulting
standing-wave ratio of 4 or 5. When a better
match is required, " stubs" are generally used
(described in the preceding chapter).

Multiband Antennas
As suggested in the preceding section, the
same antenna may be used for several bands
by operating it on harmonics. When this is
done it is necessary to use resonant feeders,
since the impedance matching for nonresonant
feeder operation can be accomplished only at
one frequency unless means are provided for
changing the length of a matching section and
shifting the point at which the feeder is attached to it.
Furthermore, the current loops shift to anew
position on the antenna when it is operated on
harmonics, further complicating the feed situation. It is for this reason that a half-wave antenna that is center-fed by a solid-dielectric
line is practically useless for harmonic operation;
on all even harmonics there is a voltage maximum occurring right at the feed point, and the
resultant impedance mismatch is so bad that
there is alarge standing-wave ratio and consequently high losses arise in the solid dielectric.
It is wise not to attempt to use on its harmonics a
half-wave antenna center-fed with coaxial cable.
High-impedance solid-dielectric lines such as
300-ohm Twin-Lead may be used, however, provided the power does not exceed a few hundred
watts.
When the same antenna is used for work in
several bands, it must be realized that the
directional characteristic will vary with the
band in use.
A

Simple Systems
The most practical simple multiband antenna is one that is a half-wavelength long at
the lowest frequency and is fed either at the
center or one end with an open-wire line.
Although the standing-wave ratio on the feedline will not approach 1.0 on any band, if the
losses in the line are low the system will be
efficient. From the standpoint of reduced feedline radiation, a center-fed system i; superior
to one that is end-fed, but the end-fed arrangement is often more convenient and should
not be ignored as a possibility. The center-fed
antenna will not have the same radiation
pattern as an end-fed one of the same length,
except on frequencies where the over-all length
of the antenna is a half-wavelength or less.
The end-fed antenna acts like a long-wire
antenna on all bands (for which it is longer
than a half-wavelength), but the center-fed
one acts like two antennas of half that length
fed in phase. For example, if afull-wavelength
antenna is fed at one end, it will have aradiation pattern as shown in Fig. 14-16, but if it
is fed in the center the pattern will be somewhat similar to Fig. 14-7, with the maximum
radiation broadside to the wire. Either antenna is a good radiator, but if the radiation
pattern is a factor, the point of feed must be
considered.
Since multiband operation of an antenna
does not permit matching of the feedline,
some attention must be paid to the
length of the feedline if convenient
transmitter-coupling arrangements are to be
obtained. Table 14-I gives some suggested
antenna and feeder lengths for multiband
operation. In general, the length of the feedline
should be some integral multiple of a quarter
wavelength at the lowest frequency.
Antennas for Restricted Space

Tuning
Appaneus
Fig. 14-19 — Practical arrangement of a shortened antenna. The total length, A + B
B
A, should be a
half-wavelength for the lowest-frequency band, usually
3.5 Mc. See Table 14-1 for length» and tuning data.

If the space available for the antenna is not
large enough to accommodate the length necessary for a half-wave at the lowest frequency
to be used, quite satisfactory operation can be
secured by using ashorter antenna and making
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TABLE 14-1
Multiband Resonant- Line Fed Antennas

Feeder
Length
(A)

Antenna
Length (ft.)

Band

Type of
Tuning

With end feed:
120

60

136

67

3.5- Me. eme.
7 Mc.
14 Mc.
28 Me.

series
parallel
parallel
parallel

134

67

3.5- Me. c.w.
7 Mc.

series
parallel

67

33

7 Me.
14 Mc.
28 Me.

parallel
parallel

67

3.5 Mc.
7 Mc.
14 Mc.
28 Me.

parallel
parallel
parallel
parallel

34

7 Me.
1 Me.
28 Mc.

parallel
parallel
parallel

With renter feed:
137

67.5

4- Mc. ' phone

high-current part of a half-wave antenna ( the
,•(‘iter quarter wave, approximately) does
n0-4 of the radiating. Advantage can be
taken of this fact when the space available
does not permit building an antenna a halfwave long. In this case the ends may be bent,
either horizontally or vertically, so that the

serie -

The antenna lengths given represent compromises
for harmonic °perm"
because of different end
effects on different hands. The 136-foot end- fed
antenna is slightly long for 3.5 l... but will uork
well in the region (3500-3600 Le.) that quadruples
into the 11- Me. band. Bands not listed are not
recommended for the particular antenna. The eenter.fed systems are less critical as to length.
Ou harmonies, the end- fed and center- fed antennae will not have the same directional characteristics, as explained its the text.

up the missing length in the feeder system.
The antenna itself may be as short as a quarter wavelength and still radiate fairly well,
although of course it will not be as effective
as one a half-wave long. Nevertheless, such a
system is useful where operation on the desired band otherwise would be impossible.
Resonant feeders are a practical necessity
with such an antenna system, and acenter-fed
antenna will give best all-around performance.
With end feed the feeder currents become
badly unbalanced.
With center feed practically any convenient
length of antenna can be used, if the feeder
length is adjusted to accommodate at least
one half-wave around the whole system.
A practical antenna of this type can be
made as shown in Fig. 14-19. Table 14- II
gives a few recommended lengths. However,
the antenna can be made any convenient
length, provided the total length of wire is a
half- wavelength at the lowest frequency, or an
integral multiple of ahalf- wavelength.
Bent Antennas
Since the field strength at a distance is proportional to the current in the antenna, the

«11-•

Fig. 14-20 — Folded arrangement for shortened antennas. The total length is a half- wave, not including
the feeders. The horizontal part is made as long as convenient and the ends dropped down to make up the required length. The ends may be bent hack on themselves
like feeders to cancel radiation partially. The horizontal
section should be at least a quarter ‘vave long.

total length equals a half- wave, even though
the straightaway horizontal length may be as
short as a quarter wave. The operation is
illustrated in Fig. 14-20. Such an antenna will
be asomewhat better radiator than aquarterwavelength antenna on the lowest frequency,
but is not so desirable for multiband operation
because the ends play an increasingly important part as the frequency is raised. The
performance of the system in such acase is difficult to predict, especially if the ends are vertical ( the most convenient arrangement) because
of the complex combination of horizontal and
vertical polarization which results as well as
the dissimilar directional characteristics. However, the fact that the radiation pattern is incapable of prediction does not detract from the
general usefulness of the antenna.

TABLE 14-11
Antenna and Feeder Lengths for Short
Multiband Antennas, Center-Fed

Antenna
Length (ft.)

Feeder
Length

Band

Type of
Tuning

83

3.5 Mc.
7 Me.
14 Mc.
28 Mc.

parallel
series
series
series or
parallel

67.5

:34

3.5 Mc.
7 Mc.
14 Mc.
28 Mc.

series
parallel
parallel
parallel

50

43

7 Mc.
14 Mc.
28 Mc.

parallel
parallel
parallel

33

51

7 Mc.
14 Mc.
28 Mc.

parallel
parallel
parallel

33

31

7 Mc.
14 Mc.
28 Mc.

parallel
series
parallel

100

(A)
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Grounded Antennas
Space restrictions often limit the size of an
antenna to less than a half wavelength, particularly on 160 meters and in mobile work. In
these instances, an antenna an electrical quarter wavelength is generally used, since it is
resonant and will offer a convenient load to a
T-Quarter
wavelength
from
formula

Quarter
wavelength
from
formula

Any line
to
transmitter

50- ohm coamal hne

(B)

(A)

polarized radiation) will give better results
during the night than the day because daytime
absorption in the ionosphere is so high at this
frequency that the reflected wave is too weak
to be useful. At night the performanre improves because nighttime ionosphere conditions generally permit the reflected wave to
return to earth without too much attenaation.
The vertically-polarized radiator gives astrong
ground wave that is effective day or night,
and it is to be preferred on 1.8 Mc.
There is another reason why a vertical
antenna is better than a horizontal fer 160meter operation. The low-angle radiation from
a horizontal antenna Ki or % wavelength
above ground is almost insignificant. Any reasonable height is small in terms of wavelength, so that a horizontal antenna on 160
meters is a poor radiator at angles useful for
long distances (" long", that is, for this band).
Its chief usefulness is over relatively short
distances at night.
Bent Antennas

Qua ter
wavelength
from
formula

wavelength
fon,
formula
300-ohm tine

150- ohm fine

(C)

(D)

Fig. 14-21 — A quarter-wavelength antenna can be fed
directly with 50-ohm coaxial line ( A) with alow standing-wave ratio, or a coupling network can be tosed ( B)
that will permit a line of any impedance to be used. In
(
B), LIand CIshould re-aenate to the operating frequency, and Li should I larger than is normally used
in aplate tank circuit at the same frequency.
By using multiwire antennas, the quarter-wave
vertical can be fed with (C) 150- or ( D) 300-ohm line.

line or coupling device. Quarter-wavelength
antennas must be grounded at one end, so they
are usually used in a vertical position, to obtain the maximum effective height.
The impedance at the current loop of a
quarter- wavelength grounded antenna is in
the vicinity of 35 ohms, and thus the antenna
may be fed at this point with 50-ohm coaxial
cable without a serious mismatch. This and
other methods of feeding quarter- wave antennas is shown in Fig. 14-21.

• ANTENNAS

Since ideal vertical antennas are generally
out of the question for practical amateur
work, the best compromise is to bend the
antenna in such a way that the high-eurrent
portions of the antenna run vertically. It is,
of course, advisable to place the antenna so
that the highest currents in the antenna occur
at the highest points above actual ground.
Two antenna systems designed along these
lines are shown in Fig. 14-22. The antenna at
A uses a loading coil, L2, to increase the
electrical length of the antenna to ahalf wave125'

(
A)

125'

FOR 160 METERS

Results on 1.8 Mc. will depend to a large
extent on the antenna system and the time
of day or night. Almost any random long wire
that can be tuned to resonance will work
during the night but it will generally be found
very ineffective during the day. A vertical
antenna — or rather an antenna from which
the radiation is predominantly vertically polarized — is probably the best for 1.8- Mc. operation. A horizontal antenna (horizontally

CI

(B)
Fig. 14-22 — Bent antenna for the 160-meter band.
In the system at A, the vertical portion (length X)
should be made as long as possible. In either antenna
system, LiCi should resonate at 1900 ke., roughly.
To adjust L2 in antenna A, resonate LiCi alone to
the operating frequency, then connect it to the antenna
system and adjust L2 for maximum loading. Further
loading can be obtained by increasing the coupling between LIand the link.
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length, so that the antenna can be fed at its
high-voltage point through the coupling circuit MC I.The antenna of Fig. 14-22B uses a
full half-wavelength of wire but is bent so
that the high-current portion runs vertically.
The horizontal portion running to Le t should
run 8 or 10 feet above ground.
Grounds
A good ground connection is generally important on 160 meters. The ideal system is a
number of wire radials buried a foot or two
underground and extending 50 to 100 feet from
the central connection point. As many radials
as possible should be used.
If the soil is good (not rocky or sandy) and
generally moist, alow-resistance connection to
the cold-water pipe system in the house will
often serve as an adequate ground system. The
connection should be made close to where the
pipe enters the ground, and the surface of the
pipe should be scraped clean before tightening
the ground clamp around the pipe.
A 6- or 8-foot length of 1-inch water pipe,
driven into the soil at a point where there is

•

considerable natural
moisture, can be used
for the ground connection. Three or four
pipes, driven into the
ground 8 or 10 feet
apart and all joined
together at the top
with heavy wire, are
more effective than
the single pipe.
The use of acounterpoise is recommended
where a buried system
Fig. 14-23 — An arrange- is not practicable or
ment for keeping the main where a pipe ground
radiating portion of the
cannot be made to
antenna vertical.
have low resistance because of poor soil conditions. A counterpoise
consists of a number of wires supported from
6 to 10 feet above the surface of the ground.
Generally the wires are spaced 10 to 15 feet
apart and located to form asquare or polygonal
configuration under the vertical portion of the
antenna.

Long- Wire Directive Arrays
give good performance in multiband operation.
Angle cc is approximately equal to twice the
angle of maximum radiation for a single wire
equal in length to one side of the " V."
The wave angle referred to in Fig. 14-25 is
the vertical angle of maximum radiation.
Tilting the whole horizontal plane of the " V"
will tend to increase the low-angle radiation
off the low end and decrease it off the high
end.
The gain increases with the length of the

THE " V" ANTENNA

It has been emphasized that, as the antenna
length is increased, the lobe of maximum radiation makes a more acute angle with the
e

Fig. 14-24 — The basic " V" antenna, made by combining two long wires.

wire. Two such wires may be combined in
the form of a horizontal " V" so that the
main lobes from each wire will reinforce
along aline bisecting the angle between the
wires. This increases both gain and directivity, since the lobes in directions other
than along the bisector cancel to a greater
or lesser extent. The horizontal " V" antenna therefore transmits best in either
direction (is bidirectional) along a line
bisecting the " V" made by the two wires.
The power gain depends upon the length of
the wires. Provided the necessary space is
available, the " V" is a simple antenna to
build and operate. It can also be used on
harmonics, so that it is suitable for multiband work. A top view of the " V" antenna
is shown in Fig. 14-24.
Fig. 14-25 shows the dimensions that
should be followed for an optimum design
to obtain maximum power gain for differentsized " V" antennas. The longer systems

ios
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DESIGN CHART

ioo

FOR HORIZONTAL

95

V

(kr maximum calépul)

90

as
80
15
70
65
60
55
50

45
40
35
(31)

2(or)
3(23)
4(.9
5 Is.)
LENGTH (L)— WAVELENGTHS

6(4)

»si

Fig. 14-25 — Design chart for horizontal " V" antennas,
giving the enclosed angle between sides vs. the length of the
wires. Values in parentheses represent approximate wave
angle for height of one-half wavelength.
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wires, but is not exactly twice the gain for a
single long wire as given in Fig. 14-15. In the
longer lengths the gain will be somewhat
increased, because of mutual coupling between
the wires. A " V" eight wavelengths on a leg,
for instance, will have a gain of about 12 db.
over a half- wave antenna, whereas twice the
gain of asingle eight-wavelength wire would be
only approximately 9 db.
The two wires of the " V" must be fed out of
phase, for correct operation. A resonant line
may simply be attached to the ends, as shown
in Fig. 14-24. Alternatively, a quarter-wave
matching section may be employed and the
antenna fed through a nonresonant line.
If the antenna wires are made multiples of a
half-wave in length (use Equation 14-G for
computing the length), the matching section
will be closed at the free end. A stub can be
connected across the resonant line to provide
a match, as described in the preceding chapter.

• THE

RHOMBIC ANTENNA

The horizontal rhombic or " diamond" antenna is shown in Fig. 14-26. Like the " V,"
it requires a great deal of space for erection,
but it is capable of giving excellent gain and
directivity. It also can be used for multiband
operation. In the terminated form shown in
Fig. 14-26, it operates like anonresonant transmission line, without standing waves, and is
unidirectional. It may also be used without
the terminating resistor, in which case there
are standing waves on the wires and the antenna is bidirectional.
The important quantities influencing the
design of the rhombic antenna are shown in
Fig. 14-26. While several design methods may
be used, the one most applicable to the conditions existing in amateur work is the so-called
"compromise" method. The chart of Fig.
14-27 gives design information based on a
given length and wave angle to determine the
remaining optimum dimensions for best operation. Curves for values of length of two, three

I
COMPROMISE
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I4

DESIGN
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'
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6
o
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f7;:loffee=
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i

L.3 wAVELENGNIS

L.2 WAYELENGINS

•

12

14

b
I
16
ro
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22
24
WAVE ANGLE (
4) -DEGREES

i
1
1
i
1
I

:f

Fig. 14-27 — Compromise-method design chart for
rhombic antennas of various leg lengths and wave angles.
The following examples illustrate the use of the chart:
(1) Given:
Length (
L) = 2 wavelengths
Desired wave angle ( a) = 20°.
To Find: H,
Method:
Draw vertical line through point a (L = 2wavelengths) and point bon abscissa (à = 20°). Read
angle of tilt (4) for point aand height (
H) from
intersection of line ab at point c on curve H.
Result:
= 60.5°.
H = 0.73 wavelength.
(2) Given:
Length (
L) = 3wavelengths.
Angle of tilt ( 4.) = 78°.
To Find: H, 6.
Method:
Draw avertical line from point don curve L = 3
wavelengths at 4, = 78°. Read intersection of
this line on curve H (
point e) for height, and
intersection at point f on the abaci .sa for à.
Result:
H = 0.56 wavelength.
à = 26.6 °.

and four wavelengths are shown, and any intermediate values may be interpolated.
With all other dimensions correct, an increase
in length causes an increase in power gain and
a slight reduction in wave angle. An increase
in height also causes areduction in wave angle
and an increase in power gain, but
not to the same extent as a proportionate increase in length. For multiband work, it is satisfactory lo design
the rhombic antenna on the basis of
Line
14- Mc. operation, which wi:1 permit
o,RECr,nry
RECEIVING
work from the 7- to 28- Mc, bands as
well.
A value of 800 ohms is correct for
the terminating resistor for any
(r } wg'
properly-constructed rhombic, and
r:„41„i1P
A
the system behaves as apure resistive
l à ,;
t °
load under this condition. The terminating resistor must be capable of
safely dissipating one-half the power
output (to eliminate the rear patSIDE ELEVATION " "
tern), and should be noninductive.
0.4maar TILT (DEGREES)
LENGTH OF ONE SIDE (W4VELEAGIHI)
Such aresistor may be made up from
4= WAVE AMU!' (DEGREES)
H A HEIGHT (WAVELENGTHS)
a carbon or graphite rod or from a
Fig. 14.26— The horizontal rhombic or diamond antenna, termilong 800-ohm transmission line using
nated. Important design dimensions are indicated; details in text.
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resistance wire. If the carbon rod or a similar
form of lumped resistance is used, the device
should be suitably protected from weather
effects, i.e., it should be covered with a good
asphaltic compound and sealed in asmall lightweight box or fiber tube. Suitable nonreactive
terminating resistors are also available commercially.
For feeding the antenna, the antenna impedance will be matched by an 800-ohm line.
which may be constructed from No. 16 wire
spaced 20 inches or from No. 18 wire spaced
16 inches. The 800-ohm line is somewhat
ungainly to install, however, and may be
replaced by an ordinary 600-ohm line with
only a negligible mismatch. Alternatively,
a matching section may be installed between
the antenna terminals and a low- impedance

line. However, when such an arrangement is
used, it will be necessary to change the matching-section constants for each different band on
which operation is contemplated.
The same design details apply to the tinterminated rhombic as to the terminated type.
When used without aterminating resistor, the
system is bidirectional. Resonant feeders are
generally used with the unterminated rhombic. A
nonresonant line may be used by incorporating a matching section at the antenna, but is
not readily adaptable to satisfactory multiband
work.
Rhombic antennas will give a power gain of
8 to 12 db. or more for leg lengths of two to
four wavelengths, when constructed according
to the charts given. In general, the larger the
antenna, the greater the power gain.

Directive Arrays with Driven Elements
By combining individual half- wave antennas
into an array with suitable spacing between
the antennas ( called elements) and feeding
power to them simultaneously, it is possible to
make the radiated fields from the individual
elements add in a favored direction, thus increasing the field strength in that direction as
compared to that produced by one antenna
element alone. In other directions the fields
will more or less oppose each other, giving a
reduction in field strength. Thus a power gain
in the desired direction is secured at the expense of apower reduction in other directions.
Besides the spacing between elements, the instantaneous direction of current flow (
phase)

creases with the number of elements. The
proportionality between gain and number of
elements is not simple, however. The gain depends upon the effect that the spacing and
phasing has upon the radiation resistance of the
elements, as well as upon their number.
Collinear Arrays

Simple forms of collinear arrays, with the
current distribution, are shown in Fig. 14-28.
The two-element array at A is popularly
known as " two half- waves in phase." It will
be recognized as simply a center-fed antenna
operated at its second harmonic. The way in
which the number of elements may he extended
for increased directivity and gain is shown in
Fig. 14-28B. Note that quarter- wave phasing
sections are used between elements; these give
the reversal in phase necessary to make the
currents in individual antenna elements all
flow in the same direction at the same instant.
Any phase- reversing section may be
X/
r
used as a quarter- wave matching secII
tion for attaching a nonresonant feeder,
I I
(B)
I
or a resonant transmission line may be
SM
Fig. 14-28 — Coll▪inear half-wave aitennas in phase. The sys- substituted for any of the quarter-wave
sections. Also, the antenna may be endtem at A is generally known as " two half- uayes in phase.' B
is an extension of the system; in theory the
ber of elements
fed by any of the systems previously
may be carried on indefinitely, but practical considerations
described, or any element may be centerusually limit the elements to four.
fed. It is best to feed at the center of the
array, so that the energy will be disin individual elements determines the directivtributed as uniformly as possible among the
ity and power gain. There are several methods
elements.
of arranging the elements. If they are strung
The gain and directivity depend upon the
end to end, so that all lie on the same straight
number of elements and their spacing, centerline, the elements are said to be collinear. If
to-center. This is shown by Table 14- III. Althey are parallel and all lying in the same
though three-quarter wave spacing gives
plane, the elements are said to be broadside
greater gain, it is difficult to construct a suitwhen the phase of the current is the same
able phase- reversing system when the ends of
in all, and end-fire when the currents are not
the antenna elements are widely separated. For
in phase. Elements that receive power from
this reason, the half- wave spacing is most genthe transmitter through the transmission line
erally used in actual practice.
are called driven elements.
Collinear arrays may be mounted either
'Ile power gain of a directive system inhorizontally or vertically. Horizontal mount2

8
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TABLE 14- III
Theoretical Gain of Collinear Half- Wave Antennas

Spacing between
centers of adjacent
half-wares

% wave
54 wave

Number of half-wares
in array vs. gain in db.
2

3

4

5

6

1.8
3.2

3.3
4.8

4.5
6.0

5.3
7.0

6.2
7.8

ing gives increased horizontal direct vity, while
the vertical directivity remains the same as for
a single element at the same height. Vertical
mounting gives the same horizontal pattern as
asingle element, but concentrates the radiation
at low angles. It is seldom practicable to use
more than two elements vertically at frequencies below 14 Mc. because of the excessive
height required.
Broadside Arrays
Parallel antenna elements with currents in
phase may be combined as shown in Fig. 14-29
to form a broadside array, so named because

Feeler
Fig. 14-29 — Broadside array using parallel half-wave
elements. Arroms indicate the direction of current flow.
Transposition of the feeders is lieces-.
to bring the antenna currents in phase. Any reasonable number of ele.
ments may be used. The array is bidirectional, midi
maxin llllll radiation " broadside" or perpendicular to the
antenna plane ( perpendicularly through this page).

the direction of maximum radiation is broadside to the plane containing the antennas.
Again the gain and directivity depend upon
the number of elements and the spacing, the
gain for different spacings being shown in
Fig. 14-30. Half- wave spacing generally is
used, since it simplifies the problem of feeding
the system when the array has more than two
elements. Table 14- IV gives theoretical gain
as a function of the number of elements with
half- wave spacing.
Broadside arrays may be suspended either
with the elements all vertical or with them
horizontal and one above the other ( stacked).
In the former case the horizontal pattern becomes quite sharp, while the vertical pattern is
the same as that of one element alone. If the
array is suspended horizontally, the horizontal
pattern is equivalent to that of one element
while the vertical pattern is sharpened, giving
low-angle radiation.
Broadside arrays may be fed either by resonant transmission lines or through quarterwave matching sections and nonresonant lines.
In Fig. 14-29, note the " crossing over" of the

feeders, which is necessary to bring the elements into proper phase relationship.
Combined Broadside and Collinear Arrays
Broadside and collinear arrays may be
combined to give both horizontal and vertical
directivity, as well as additional gain. The
general plan of constructing such antennas is
shown in Fig. 14-31. The lower angle of radiation resulting from stacking elements in the
vertical plane is desirable at the higher frequencies. In general, doubling the number of
elements in an array by stacking will raise the
gain from 2to 4 db., depending upon whether
vertical or horizontal elements are used — that
is, whether the stacked elements are of the
broadside or collinear type.
The arrays in Fig. 14-31 are shown fed from
one end, but this is not especially desirable in
the case of large arrays. Better distribution of
energy between elements, and hence better
over-all performance, will result when the
feeders are attached as nearly as possible to the
center of the array. Thus, in the eight-rqement
array at A, the feeders could be introduced at
the middle of the transmission line between the
second and third set of elements, in which case
the connecting line would not be transposed
between the second and third set of eLements.
Alternatively, the antenna could be coin.tructed
with the transpositions as shown and the
feeder connected between the adjacent ends of
either the second or third pair of collinear
elements.
A four-element array of the general type
shown in Fig. 14-31B, known as the "Iazy-H"
antenna, has been quite frequently used. This
arrangement is shown, with the feed point indicated, in Fig. 14-32.
End-Fire Arrays
Fig. 14-33 shows a pair of parallel half- wave
elements with currents out of phase. This is
known as an end-fire array, because it radiates
best along the plane of the antennas, as shown.
The end- fire array may be used either vera

i
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Fig. 14-30 — Gain vs. spacing for uso paralte half-wave
elements combined as either broadside or enii-fire arrays.
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Fig. 14 31 — Combination broadside and collinear arrays. A with vertical elements; B, with horizontal elements. Both arrays give low-angle radiation. Two or
more sections may be used. The gain in db. will be equal.
approximately, to the slim of the gain for one set of
broadside elements (Table 14-IV) plus the gain of one set
of collinear elements (Table 14411). For example, in A
each broadside set has four elements (gain 7 db.) and
each collinear set two elements (gain 1.8 db.), giving a
total gain of 8.8 db. In B, each broadside set has two elements (gain 4db.) and each collinear set three elements
(gain 3.3 db.), making the total gain 7.3 db. The result is
not strictly accurate, because of mutual coupling between the elements, but is good enough for practical
purposes.

tically or horizontally (elements at the same
height), and is well adapted to amateur work
because it gives maximum gain with relatively
close element spacing. Fig. 14-30 shows how
the gain varies with spacing. End-fire elements
may be combined with additional collinear and
broadside elements to give afurther increase in
gain and directivity.
X
7

connecting line the crossover becomes necessary ( B). This is because in B the two halves
of the connecting line are simply branches of
the same line. In other words, even though
the connecting line in B is a half- wave in
length, it is not actually a half-wave line but
two quarter-wave lines in parallel. The same
thing is true of the untransposed line of Fig.
14-31B. Note that, under these conditions, the
antenna elements are in phase when the line
is not transposed, and out of phase when the
transposition is made. The opposite is the case
when the half-wave line simply joins two antenna elements and does not have the feedline
connected to its center, as in Fig. 14-29.
Adjustment of Arrays

With arrays of the types just described,
using half- wave spacing between elements, it

Fig. 14-33 — End-fire arrays using parallel half-wave
elements. The elements are shown with half-wave spacing to illustrate feeder connections. In practice, closer
spacings are desirable, as shown by Fig. 14-30. Direction
of maximum radiation is shown by the large arrows.

will usually suffice to make the length of each
element that given by Equations 14 B or 14 C.
The half-wave phasing lines between the
parallel elements should be of open-wire construction, and their length can be calculated
from:
Length of half- wave line ( feet) -=

(144)

480
Freq. (Mc.)
feed
Fig. 14-32 — A four-element combination broadside.
collinear array, popularly known as the " lazy-11"
antenna. A closed quarter-wave stub may be used
at the feed point to match into a600-ohm transmission
line, or resonant feeders may be attached at the point
indicated. The gain over ahalf-wave antenna is Sto 6db.

Either resonant or nonresonant lines may be
used with this type of array. Nonresonant lines
preferably are matched to the antenna through
a quarter-wave matching section or phasing
stub.
Phasing
Figs. 14-31 and 14-33 illustrate a point in
connection with feeding aphased antenna system which sometimes is confusing. In Fig.
14-33, when the transmission line is connected
as at A there is no crossover in the line connecting the two antennas, but when the transmission line is connected to the center of the

Example: A half-wavelength phasing line for
480
28.8 Mc. would be — = 16.66 feet = 16 feet
28.8
8inches.

The spacing between elements can be made
equal to the length of the phasing line. No
special adjustments of line or element length
or spacing are needed, provided the formulas
are followed closely.
TABLE 14- IV
Theoretical Gain vs. Number of Broadside
Elements (Half- Wave Spacing)
'so. of elements
2
3
4

5
6

Gain
4ill).
5.5
7
8
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With collinear arrays of the type shown in
Fig. 14-28B, the same formula may be used
for the element length, while the length of the
quarter-wave phasing section can be found
from the following formula:
Length of guarter-wave line (
feet) =

(144)

240
Freq. (
M C.)
Example: A quarter- wavelength phasing line
for 14.25 Mc. would be 140
= 16.84 feet ss 16
14.25
feet 10 inches.

If the array is fed in the center it should not be
necessary to make any particular adjustments,
although, if desired, the whole system can be
resonated by connecting an r.f. ammeter in the
shorting link of each phasing section and moving the link back and forth to find the maximum- current position. This refinement is
hardly necessary in practice, however, so long
as all elements are the same length and the
system is symmetrical.

The phasing sections can be made of 300ohm Twin- Lead, if low power is used. However, the lengths of the phasing sections must
then be only 84 per cent of the length obtained
in the two formulas above.
Example: The half- wavelength line for 25.8
Mc. would become 0.84 X 16.66 = 13.99 feet =
14 feet 0 inches

Using Twin-Lead for the phasing sections is
most useful in arrays such as that of Fig.
14-28B, or any other system in which the element spacing is not controlled by the length
of the phasing section.
Simple Arrays

Several simple directive-antenna systems
using driven elements have achieved rather
wide use among amateurs. Four of the systems are shown in Fig. 14-34. Tuned feeders
are assumed in all cases; however, a matching
section readily can be substituted if a nonresonant transmission line is preferred. Dimensions given are in terms of wavelength;
actual lengths can be calculated from the
equations for the antenna and from the equation above for the resonant transmiss:on line
or matching section. In cases where the trans(A)
mission line proper connects to the midpoint
of a phasing line, only half the length of the
latter should be added to the line to iind the
quarter-wave point.
At A and B are two-element end- fire 8rrange
ments using close spacing. They are elertrically
equivalent; the only difference is in the method
of connecting the feeders. B may also be used
as a four-element array on the second harmonic, although the spacing is not quite op(c)
timum ( Fig. 14-30) for such operation.
A close-spaced four-element array is shown
at C. It will give about 2 db.
0.64X
O647
more gain than the two-element
array.
The antenna at D, commonly knobs n as the
"extended double-Zepp," is designed to take
advantage of the greater gain possible with
collinear antennas having greater than halfwave center-to- center spacing, but without
introducing feed complications. The elements
Fig. 14-34— Simple direetive-anten la systems. A is a are made longer than a half- wave in order to
bring this about. Tile gain is 3db. over asingle
two-element end-fire array; B is the same array with
center feed, which permits use of tl earray on the second
half- wave antenna, and the broadside direcharmonic, where it becomes afour-element array with
tivity is fairly sharp.
quarter-wave spacing. C is afour-element end-fire array
The antennas of A and B may he mounted
with Xiwave spacing. D is asimp etwo-element broadside array using extended in-phase antennas ("extended
either horizontally or vertically; horizontal
double-tepp"). The gain of Aand Bis slightly over 4db.
suspension ( with the elements in aplane paralOn the second harmonic, B will give about 5-db. gain.
lel to the ground) is recommended, since this
With C, the gain is approximately 6db., and with D,
tends to give low-angle radiation without an
approximately 3db. In A, B and C, the phasing line
contributes about Ks wavelength to the transmission
unduly sharp horizontal pattern. Thus these
line; when B is used on the second harmonic, this
systems are useful for coverage over a wide
contribution is 3¡ wavelength. Alternatively, the anhorizontal angle. The system at C, when
tenna ends may be bent to meet the transmission line, in
which case each feeder is simply connected to one anmounted horizontally, will have asharper hortenna. In D, points Y. Y indicate aquarter-wave point
izontal pattern than the two-element arrays
(high current) and X- X ahalf-wave point (high voltage). The line may be extended in multiples of quarter
because of the effect of the collinear arrangewaves if resonant feeders are to be used. A, B and
ment. The vertical pattern, however, will be
C may be suspended on wooden spreaders. The plane
the same as that of the antennas in A and B.
containing the wires should be parallel to the ground.
-

(D)
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Directive Arrays with Parasitic Elements
Parasitic Excitation

The antenna arrays previously described are
bidirectional; that is, they will radiate in directions both to the " front" and to the " back"
of the antenna system. 1f radiation is wanted
in only one direction, it is necessary to use
different element arrangements. In most of these
arrangements the additional elements receive
power by induction or radiation from the
driven element, generally called the " antenna,"
and reradiate it in the proper phase relation-

8

(1)

7

'5

.25

REFLECTOR SPAC N G
wave lengths' )

6

tuning and spacing, and thus the antenna system must be tuned to its final condition before
the match between the line and the antenna can
be completed. In general, the impedance will
increase with increased spacing of the director
and reflector, and may range from around 10
ohms for . 1-wavelength spacing of both director
and reflector to perhaps 25 ohms with . 2-wavelength spacing. The reactance of the driven element increases with increased spacing, and thus
it will require a modification of the drivenelement length obtained bv Equation 14-B.
A 2-element beam is useful where space or
other considerations prevent the use of the
larger structure required for a 3-element beam.
The general practice is to tune the parasitic element as a reflector and space it about . 15 wavelength from the driven element, although some
successful antennas have been built with . 1wavelength spacing and director tuning. Gain vs.
element spacing for a2-element antenna is given
in Fig. 14-36, for the special case where the parasitic element is resonant, but it is indicative of
the performance to be expected under maximumgain tuning conditions.
Element Lengths

.2

.3

.4

.5

D/RECrOR SPACING Ovitweilth.9
14-35 — Gain vs. element spacing for 3-element
beams using a driven element and a director and a reflector. The 0-db, reference level is the field •. trength
f
a half-wavelength antenna alone. Thc,• curves
are for the system tuned for maximum forward gain.
'I'he element spacing shown is the fraction Of a wave 984
length determined by
Thus a wavelength
f ( Mc.)
at 112 Mc. = 984/11.2 =-- 69.3 feet. A spacing of
.15 wavelength at 112 Me. would he . 15 X 69.3 =
10.4 feet = 10 feet 5 inches.
Fig.

ship to achieve the desired effect. These elements are called parasitic elements, as contrasted to the driven elements which receive
power directly from the transtnitter through
the transmission line.
The parasitic element is called a director
when it reinforces radiation on a line pointing
to it from the antenna, and areflector when the
reverse is the case. Whether the parasitic element is adirector or reflector depends upon the
parasitic-clement tuning, which usually is adjusted by changing its length.
Gain vs. Spacing
The gain of an antenna with parasitic elements
varies with the spacing and tuning of the elements, and thus for any given spacing there is a
tuning condition t
hat will give maximum gain
at this spacing. The variation in gain for different spacings in a 3-element beam is shown in
Fig. 14-35. The maximum front- to-back ratio
seldom, if ever, occurs at the same condition
that gives maximum forward gain. The impedance_of the driven element also varies with the

The antenna length is given approximately
by the formula for a half-wavelength antenna
although, as mentioned above, it may require
modification to tune out the reactance. The director and reflector lengths should be determined
experimentally for maximum performance. The
preferable method is to aim the antenna at a
receiver a mile or more distant and have an
1
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Fig. 14-36 — Gain rs. element spacing for an antenna
and one parasitic element. The reference point, 0 db., is
the field strength f
a half wave antenna al . The
greatest gain is in direction A at spacings of less than
0.14 wavelength, and in direction B at greater spacings.
l'he front- to- back ratio is the difference in tlb. between
curves A and B. Variation in radiation resistance of the
driven element also
These curves are for aselfresonant parasitic elcinctit. tmost spacings the gain as
a reflector can be increased by slight lengthening of the
parasitic element; the gain as adirector can be increased
by shortening. This also improves the front.to.hark ratio.
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observer check the signal strength (on the receiver S-meter) while the reflector or director is
adjusted a few inches at atime, until the length
which gives maximum signal is found. The attenuation may be similarly checked, the length
being adjusted for minimum signal.
Fig. 14-37 shows the element lengths for a 3element beam with . 1-wavelength reflector spacing and . 175 director spacing. For maximum
gain, these lengths will be slightly different for
other spacings, becoming shorter as the spaving
is increased. There will also be some slight variation with the length-to-diameter ratio of the
elements, since increasing the diameter will tend
to shorten the necessary length.
The impedance of the driven element will vary
with the height above ground, and good practice
dictates that all final matching between antenna
and line be done with the antenna in place at its
normal height above ground.
Simple Systems: the Rotary Beam
Two- and 3-element systems are popular for
rotary-beam antennas, where the entire antenna
system is rotated, to permit its gain and directivity to be utilized for any compass direction.
They may be mounted either horizontally
(with the plane containing the elements parallel to the earth) or vertically.
A 4-element beam will give still more gain
than a 3-element one, provided the support is
sufficient for at least . 2- wavelength spacing between elements. The tuning for maximum gain
involves many variables, and complete gain and
tuning data is not available.
The elements in close-spaced (less than onequarter wavelength element spacing) arrays
preferably should be made of tubing of onehalf to one-inch diameter. A conductor of
large diameter not only has less ohmic resistance but also has lower Q; both these
factors are important in close-spaced arrays
because the impedance of the driven element
usually is quite low compared to that of a
single half- wave dipole. With 3- and 4-element
arrays the radiation resistance of the driven
element may be so low that ohmic losses in the
conductor can consume an appreciable fraction
of the power. Low radiation resistance means
that the antenna will work over only a small
frequency range without retuning unless largediameter conductors are used.
Feeding Close- Spaced Arrays
Any of the usual methods of feed may be applied to the driven element of a parasitic array.
The preferred methods are shown in ' Fig.
14-38. Resonant feeders are not recommended
for lengths greater than ahalf-wavelength unless open-wire lines of copper-tubing conductors are used.
Three versions of the popular " T"- match
are shown, for two- wire lines of Twin- Lead at
A, for single coaxial line at B, and for double
coaxial line at C. The match is adjusted by
moving the shorting bars, keeping them
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Fig. 14-37 - Director, antenna and reflector lengths for
three-element beams, for element spacing of . IR and
.175D. The lengths indicated are for maximum gain some intprovement in front-to-back ratio may be obtained by adjustment of the reflector length.

equidistant from the center, until the minimum s.w.r. is obtained on the line. If the
s.w.r. minimum is not 1.5 or less, the transmitter frequency should be shifted to find the
frequency where the minimum s.w.r. occurs.
If it is higher than the original test frequency,
increase the antenna element length slightly.
The parasitic element lengths taken from Fig.
14-37 should not require much adjustment unless
considerably different spacing is used, but it may
be necessary to change the position of the shorting bars and the length of the antenna element
once or t
wire before the s.w.r. at the test frequency is acceptable. The matching :iection may
be made of the same type of conductor as the
element and spaced a few inches from it. The
length of the matching section will be greater
with higher-impedance lines and with wider
element spacing. A good starting point for a
28- Mc. wide-spaced (0.2D-0.15R1' beam fed
with 300-ohm Twin-Lead is 28 inches each side
of center. A similar antenna and line on 14 Mc.
might require about 56 inches each side.
The gamma match, shown in Fig. 14-38D,
can be considered as one-half a " T"-match,
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(A)
\11"eo-volre
hoe

The delta matching transformer shown at E
is probably easier to install, mechanically,
than any of the others. The positions of the
taps (dimension a) must be determined experimentally, along with the length, b, by
checking the standing- wave ratio on the line
as adjustments are made. Dimension bshould
he about 15 per cent longer than a.
The coaxial-line matching section at F
will work with fair accuracy into aclose-spaced
parasitic array of 2, 3 or 4 elements without
necessity for adjustment. The line is used as
a quarter-wavelength transformer, and, if its
characteristic impedance is 70 ohms ( RG11/U), it will give a good match to a600-ohm
line when the resistance at the termination is
about 8.5 ohms. Over arange of 5 to 15 ohms
the mismatch, and therefore the standingwave ratio, will be less than 2-to- 1. The length
of the quarter- wave section may be calculated
from

Movable
5
horfing
bars

Coaxial line

(B)

¡Center

"-Coaxial lines

TI

Length (
feet) = 246V
Center of
antenna

'

(D)

where V = Velocity factor
f = Frequency in Mc.

line

Example: A quarter-wave transformer of RO-11/U
is to be used at 28.7 Me. From the table in Chapter
Thirteen, V = 0.66.
Length

a

— 246 X a66 = 5.67 feet
28.7

\
(E)

( 14—J)

5 feet 8 inches

The folded-dipole antenna, Fig. 14-38G,
presents a good match for the line when
properly designed. Details are given in Chapter Thirteen. Different impedance step-up
ratios can be obtained by varying the number
of conductors or their diameter-ratio.

"-Two-wire line

Sharpness of Resonance
(F)
TWO-Wire line

E
(G)

/-Two-wire line

Fig. 14.38 — Recommended methods of feeding the
driven antenna element in close-spaced parasitic arrays.
The parasitic elements are not shown. A, B, C, "T"match; D, "gamma" match; E, delta matching transformer; F, coaxial-line quarter-wave matching section;
G, folded dipole. Adjustment details are discussed in the
text.

and the same principles hold. However, when
the length of the element is changed, in an effort to minimize the s.w.r., only the side to
which the movable bar is connected should be
changed — the other side should remain at
one-half the length obtained from Fig. 14-37.
With 52-ohm coaxial line feed, the length of
the matching element may run around 15 to
20 inches in a 28- Mc, beam, and twice this
value in a 14- Mc. array.

Peak performance of a multielement parasitic array depends upon proper phasing or
tuning of the elements, which can be exact for
one frequency only. In the case of close-spaced
arrays, which because of the low radiation
resistance usually are quite sharp-tuning, the
frequency range over which optimum results
can be secured is only of the order of 1 or 2
per cent of the resonant frequency, or up to
about 500 ke. at 28 Mc. However, the antenna
can be made to work satisfactorily over a
wider frequency range by adjusting the director or directors to give maximum gain at the
highest frequency to be covered, and by adjusting the reflector to give optimum gain at
the lowest frequency. This sacrifices some gain
at all frequencies, but maintains more uniform
gain over a wider frequency range.
As mentioned in the preceding paragraphs,
the use of large-diameter conductors will
broaden the response curve of an array because the larger diameter lowers the Q. This
causes the reactances of the elements to change
rather slowly with frequency, with the result
that the tuning stays near the optimum over
a considerably-wider frequency range than is
the case with wire conductors.
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Fig. 14-39 — Antenna-switching arrangements for various types of antennas and coupling systems. A — For tuned
lines with separate antenna tuners or low-impedance lines. B — For avoltage-fed antenna. C — For atuned line
with asingle antenna tuner. D — For avoltage- fed antenna with asingle tuner. E — For two tuned lin , antennas
with a tuner for each antenna or for two low-impedance lines. F — For combinations of several two-wire lines.
Combination Arrays

It is possible to combine parasitic elements
with driven elements to form arrays composed
of collinear driven and parasitic elements and
combination broadside-collinear-parasitic elements. Thus two or more collinear elements
might be provided with acollinear reflector or
director set, one parasitic element to each
driven element. Or both directors and reflectors might be used. A broadside-collinear array
could be treated in the same fashion.
When combination arrays are built up, a
rough approximation of the gain to be expected may be obtained by adding the gains
for each type of combination. Thus the gain of
two broadside sets of four collinear arrays with
aset of reflectors, one behind each element, at
quarter- wave spacing for the parasitic elements, would be estimated as follows: From
Table 14-III, the gain of four collinear elements
is 4.5 db. with half-wave spacing; from Fig.
14-30 or Table 14- IV, the gain of two broadside
elements at half-wave spacing is 4.0 db.; from
Fig. 14-36, the gain of a parasitic reflector at
quarter- wave spacing is 4.5 db. The total gain
is then the sum, or 13 db. for the sixteen elements. Note that it makes no difference in the
final result if the array is considered as a
grouping of several sets of antennas plus reflectors or as an array of antennas plus an array
of reflectors. The actual gain of the combination
array will depend, in practice, upon the way
in which the power is distributed between the
various elements and upon the effect which
mutual coupling between elements has upon
the radiation resistance of the array, and may
be somewhat higher or lower than the estimate.
A great many directive-antenna combinations can be worked out by combining elements according to these principles.

•

RECEIVING ANTENNAS

Nearly all of the properties possessed by an
antenna as a radiator also apply when it is
used for reception. Current and voltage distribution, impedance, resistance ard directional characteristics are the same in a receiving antenna as if it were used as atransmitting
antenna. This reciprocal behavior makes possible the design of a receiving antenna of
optimum performance based on the saine
considerations that have been discassed for
transmitting antennas.
The simplest receiving antenna is a wire of
random length. The longer the wire, the more
energy it abstracts from the wave. Because of
the high sensitivity of modern receivers, a
large antenna is not necessary for picking up
signals at good strength. An indoor wire only
15 to 20 feet long will serve at frequencies
below the v.h.f. range, although alonger wire
outdoors is better.
The use of a tuned antenna improves the
operation of the receiver, however, because the
signal strength is raised more in proportion to
the stray noises picked up than ir the case
with wires of random length. Since -the transmitting antenna usually is given the best location, it can also be expected to serve best for
receiving. This is especially true when adirective antenna is used, since the directional effects and power gain of directive transmitting
antennas are the same for receiving as for
transmitting.
In selecting adirectional receiving antenna it
is preferable to choose a type that gives very
little response in all but the desired direction
(small minor lobes). This is even more important than high gain in the desired directien,
because the cumulative response to noise and
unwanted-signal interference in the smaller
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lobes may offset the advantage of increased
desired-signal gain. The feedline from the antenna should be balanced so that it will not
pick up signals and greatly reduce the directivity effects.
Antenna Switching
Switching of the antenna from receiver to
transmitter is commonly done with a changeover relay, connected in the antenna leads or
the coupling link from the antenna tuner.

If the relay is one with a 115- volt a.c. coil, the
switch or relay that controls the transmitter
plate power will also control the antenna relay.
If the convenience of a relay is not desired,
porcelain knife switches can be used and
thrown by hand.
Typical arrangements are shown in Fig.
14-39. If coaxial line is used, the use of a
coaxial relay is recommended, although on the
lower-frequency bands a regular switch or
change-over relay will work almost as well.

Antenna Construction
The use of good materials in the antenna
system is important, since the antenna is
exposed to wind and weather. To keep electrical losses low, the wires in the antenna and
feeder system must have good conductivity
and the insulators must have low dielectric loss
and surface leakage, particularly when wet.
For short antennas, No. 14 gauge hard- drawn
enameled copper wire is asatisfactory conductor. For long antennas and directive arrays,
No. 14 or No. 12 enameled copper- clad steel
wire should be used. It is best to make feeders
and matching stubs of ordinary soft-drawn No.
14 or No. 12 enameled copper wire, since harddrawn or copper- clad steel wire is difficult to
handle unless it is under considerable tension
at all times. The wires should be all in one piece;
where a joint cannot be avoided, it should be
carefully soldered.
In building a two- wire open line, the
spacer insulation should be of as good quality
as in the antenna insulators proper. For this
reason, good ceramic spacers are advisable.
Wooden dowels boiled in paraffin may be used
3TOP
GUYS

TOTAL HEIGHT
40 FT. PLUS

Guy front ond bock
ANT

here- no side guys
necessary

Carnage bolts

Three 2x2s
Each 22 ft.

\Drill V' hole !bra
upr.
i9hts andhoinmex

'I/bolt

74`Carriárie bolt
;Spreade ;
r- ors°

Fig. 14-40 — Details ola simple 40-foot "A"-frame mast
suitable for erection in locations where space is limited.

with untuned lines, but their use is not recommended for tuned lines. The wooden dowels
can be attached to the feeder wires by drilling
small holes and binding them to the feeders
with wire.
At points of maximum voltage, insulation is
most important, and Pyrex glass, Isolantite or
steatite insulators with long leakage paths are
recommended for the antenna. Glazed porcelain also is satisfactory. Insulators should be
cleaned once or twice ayear, especially if they
are subjected to much smoke and soot.
In most cases poles or masts are desirable
to lift the antenna clear of surrounding buildings, although in some locations the antenna
will be sufficiently in the clear when strung
from one chimney to another or from a housetop to atree. Small trees usually are not satisfactory as points of suspension for the antenna
because of their movement in windy weather.
If the antenna is strung from a point near
the center of the trunk of a large tree, this
difficulty is not so serious. Where the antenna
wire must be strung from one of the smaller
branches, it is best to tie a pulley firmly to the •
branch and run a rope through the pulley to
the antenna, with the other end of the rope attached to a counterweight near the ground.
The counterweight will keep the tension on the
antenna wire reasonably constant even when
the branches sway or the rope tightens and
stretches with varying climatic conditions.
Telephone poles, if they can be purchased
and installed economically, make excellent
supports because they do not ordinarily require guying in heights up to 40 feet or so.
Many low-cost television-antenna supports
are now available, and they should not be
overlooked as possible antenna aids.

e

"A" FRAME MAST

The simple and inexpensive mast shown in
Fig. 14-40 is satisfactory for heights up to
35 or 40 feet. Clear, sound lumber should
be selected. The completed mast may be protected by two or three coats of house paint.
If the mast is to be erected on the ground, a
couple of stakes should be driven to keep the
bottom from slipping and it may then be
"walked up" by apair of helpers. If it is to go
on a roof, first stand it up against the side of
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the building and then hoist it from the roof,
keeping it vertical. The whole assembly is light
enough for two men to perform the complete
operation — lifting the mast, carrying it to its
permanent berth, and fastening the guys —
with the mast vertical all the while. It is entirely practicable, therefore, to erect this type
of mast on any small, flat area of roof.
By using 2 X 3s or 2 X 4s, the height may
be extended up to about 50 feet. The 2 X 2is
too flexible to be satisfactory at such heights.

• SIMPLE

40-FOOT MAST

The mast shown in Fig. 14-41 is relatively
strong, easy to construct, readily dismantled,
and costs very little. Like the " A "-frame, it is
suitable for heights of the order of 40 feet.
The top section is a single 2 X 3, bolted at
the bottom between a pair of 2 X 3s with an
overlap of about two feet. The lower section
thus has two legs spaced the width of the narrow side of a 2 X 3. At the bottom the two
legs are bolted to a length of 2 X 4 which is
set in the ground. A short length of 2 X 3 is
placed between the two legs about halfway up
the bottom section, to maintain the spacing.
The two back guys at the top pull against
the antenna, while the three lower guys prevent buckling at the center of the pole.
The 2 X 4section should be set in the ground
so that it faces the proper direction, and then
made vertical by lining it up with aplumb bob.
The holes for the bolts should be drilled before-

TOP GUYS

20'
2., .3 --

CarrAsye bole

2'
-1-

CENTER GUYS

Spiked

20'

Ca4,e
ts'

A

,

3.

2a4 -

Fig. 14-41 — A simple
and sturdy mast for
heights in the vicinity
of 40 feet, pivoted at
the base for easy erection. The height can
be extended to 50 feet
or more bv using 2X
4s instead of 2X 3e.

hand. With the lower section laid on the
ground, bolt A should be slipped in place
through the three pieces of wood and tightened
just enough so that the section can turn freely
on the bolt. Then the top section may be bolted
in place and the mast pushed up, using aladder
or another 20-foot 2 X 3 for the job. As the
mast goes up, the slack in the guys can be taken
up so that the whole structure is in some measure continually supported. When the mast is
vertical, bolt B should be slipped in place and
both A and B tightened. The lower guys can
then be given a final tightening, leaving those
at the top a little slack until the antenna is
pulled up, when they should be adjusted to pull
the top section into line.

•GUYS

AND GUY ANCHORS

For masts or poles up to about 50 feet, No.
12 iron wire is asatisfactory guy- wire material.
Heavier wire or stranded cable may be used for
taller poles or poles installed in locations where
the wind velocity is high.
More than three guy wires in any one set
usually are unnecessary. If a horizontal antenna is to be supported, two guy wires in the
top set will be sufficient in most cases. These
should run to the rear of the mast about 100
degrees apart to offset the pull of the antenna.
Intermediate guys should be used in sets of
three, one running in a direction opposite to
that of the antenna, while the other two are
spaced 120 degrees either side. This leaves a
clear space under the antenna. The guy wires
should be adjusted to pull the pole slightly
back from vertical before the antenna is hoisted
so that when the antenna is pulled up tight the
mast will be straight.
When raising a mast that is big enough to
tax the facilities available, it is some advantage
to know nearly exactly the length of the guys.
Those on the side on which the pole is lying can
then be fastened temporarily to the anchors
beforehand, which assures that when the pole is
raised, those holding opposite guys will be
able to pull it into nearly-vertical posit ion with
no danger of its getting out of control. The guy
lengths can be figured by the right-angledtriangle rule that " the sum of the squares of
the two sides is equal to the square of the
hypotenuse." In other words, the distance from
the base of the pole to the anchor should be
measured and squared. To this should be
added the square of the pole length to the
point where the guy is fastened. The square
root of this sum will be the length of the guy.
Guy wires should be broken up by strain
insulators, to avoid the possibility of resonance
at the transmitting frequency. Common practice is to insert an insulator near the top of
each guy, within a few feet of the pole, and
then cut each section of wire between the
insulators to a length which will not be
resonant either on the fundamental or harmonics. An insulator every 25 feet will be
satisfactory for frequencies up to 3111 Mc. The
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For short antennas and temporary installations, heavy clothesline or window-sash cord
may be used. However, for more permanent
jobs, 3
A-inch or -inch waterproof hemp rope
should be used. Even this should be replaced
about once a year to insure against breakage.
Nylon rope, used during the war as glider
tow rope, is, of course, one of the best materials
for halyards, since it is weatherproof and has
extremely long life.
It is advisable to carry the pulley rope back
up to the top in " endless" fashion in the manner
of aflag hoist so that if the antenna breaks close
to the pole, there will be a means for pulling
the hoisting rope back down.

Hon/ here with piers

f

Fig. 14-42 — Using alever for twisting heavy guy wires.
insulators should be of the " egg" type with
the insulating material under compression, so
that the guy will not part if the insulator
breaks.
Window I
Screen
6/ass
Twisting guy wires onto " egg" insulators may be a tedious job if the guy
Stand-off
wires are long and of large gauge. The
Rubber washers
cemented to ,od
simple time- and finger-saving device
shown in Fig. 14-42 çan be made from a
piece of heavy iron or steel by drilling a
hole about twice the diameter of the guy
wire about ahalf inch from one end of the
7b feed- through
insulators
piece. The wire is passed through the
insulator, given a single turn by hand,
A
and then held with apair of pliers at the Fig. 14-44 — A — Anchoring feeders takes the stra'n from feed.
point shown in the sketch. By passing the through insulators or window glass. B — Going through a
wire through the hole in the iron and full-length screen, acleat is fastened to the frame of the screen
on the inside. Clearance holes are cut in the cleat and also in
rotating the iron as shown, the wire may the screen.
be quickly and neatly twisted.
Guy wires may be anchored to a tree or
BRINGING THE ANTENNA OR
building when they happen to be in convenient
FEEDLINE INTO THE STATION

•

lease chou /rout
°friend

Guy

Use ror
P'f'e

Onm al /east

4' bl reund

Fig. 14-43 — Pipe
guy anchors. One
pipe is sufficient
for small masts,
but two installed
as shown will provide the additional
strength required
for the larger poles.

spots. For small poles, a6-foot length of 1- inch
pipe driven into the ground at an angle will
suffice. Additional bracing will be provided by
using two pipes, as shown in Fig. 14-43.

• HALYARDS

The antenna or transmission line should be
anchored to the outside wall of the building, as
shown in Fig. 14-44, to remove strain from the
lead-in insulators. Holes cut through the walls
of the building and fitted with feed- through
insulators are undoubtedly the best means of
bringing the line into the station. The holes
should have plenty of air clearance about the
conducting rod, especially when using tuned
lines that develop high voltages. Probably
the best place to go through the walls is the
trimming board at the top or bottom of a win-

AND PULLEYS

Halyards or ropes and pulleys are important
items in the antenna-supporting system. Particular attention should be directed toward the
choice of apulley and halyards for ahigh mast
since replacement, once the mast is in position,
may be a major undertaking if not entirely
impossible.
Galvanized-iron pulleys will have a life of
only a year or so. Especially for coastal-area
installations, marine-type pulleys with hardwood blocks and bronze wheels and bearings
should be used.

Fig. 14-45 — An antenna lead-in panel
may be placed over the
top sash or under the
lower sash of awindow.
Substituting a smaller
height sash in half the
window will simplify
the weatherproofing
problem where the sash
overlap.
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insulation and the transmission line may be
fastened to bolts fitting the holes. Rubber
gaskets will render the holes waterproof. The
lower sash should be provided with stops to
prevent damage when it is raised. If the window has afull-length screen, the scheme shown
in Fig. 14-44B may be used.
As a less permanent method, the window
may be raised from the bottom or lowemd from
the top to permit insertion of a board which
carries the feed- through insulators. This lead-in
arrangement can be made weatherproof by
making an overlapping joint between the board
and window sash, as shown in Fig. 14-45.

• LIGHTNING

FRONT

SIDE

A
Fig. 14 46 — Low-loss ligl tning arresters for transmitting-antenna installations.
dow frame which provides flat surfaces for
lead-in insulators. Either cement or rubber
gaskets may be used to waterproof the exposed
joints.
Where such a procedure is not permissible,
the window itself usually offers the best opportunity. One satisfactory method is to drill
holes in the glass near the top of the upper sash.
If the glass is replaced by plate glass, astronger
job will result. Plate glass may be obtained
from automobile junk yards and drilled before
placing in the frame. The glass itself provides

PROTECTION

An ungrounded radio antenna, particularly
if large and well elevated, is a lightrong hazard. When grounded, it provides a measure of
protection. Therefore, grounding switches or
lightning arresters should be provided. Examples of construction of low-loss arresters are
shown in Fig. 14-46. At A, the arrester electrodes are mounted by means of stand-off
insulators on a fireproof asbestos boapd. At B,
the electrodes are enclosed in a standard steel
outlet box. The gaps should be made as small
as possible without danger of breakdown during operation. Lightning- arrester systems require the best ground connection obtainable.
The most positive protection is to ground
the antenna system when it is not in use;
grounded flexible wires provided with clips for
connection to the feeder wires may be used.
The ground lead should be short and run, if
possible, directly to a driven pipe or water
pipe where it enters the ground outside the
building.

Rotary-Beam Construction
It is a distinct advantage to be able to shift
the direction of a beam antenna at will, thus
securing the benefits of power gain and directivity in any desired compass direction. A
favorite method of doing this is to construct
the antenna so that it can be rotated in the
horizontal plane. Obviously, the use of such
rotatable antennas is limited to the higher
frequencies — 14 Mc. and above — and to the
simpler antenna-element combinations if the
structure size is to be kept within practicable
bounds. For the 14- and 28- Me, bands such
antennas usually consist of two to four elements and are of the parasitic-array type described earlier in this chapter. At 50 Mc. and
higher it becomes possible to use more elaborate arrays because of the shorter wavelength
and thus obtain still higher gain. Antennas for
these bands are described in another chapter.
The problems in rotary- beam construction
are those of providing a suitable mechanical
support for the antenna elements, furnishing
a means of rotation, anti attaching the trans-

mission line so that it does not interfere with
the rotation of the system.
Elements
The antenna elements usually are made of
metal tubing so that they will be at least
partially self-supporting, thus simplifying the
supporting structure. The large diameter of
the conductor is beneficial also in reducing
resistance, which becomes an important consideration when close-spaced elements are used.
Dural tubes often are used for the elements,
and thin- walled corrugated steel tubes with
copper coating also are available fo ,.this purpose. The elements frequently are constructed
of sections of telescoping tubing making length
adjustments for tuning quite easy. Electrician's thin-walled conduit also is suitable for
rotary-beam elements.
If steel elements are used, special precautions
should be taken to prevent rusting. Even copper- coated steel does not stand up indefinitely, since the coating usually is too thin.
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Fig. 1447— A ladder-supported 3-element 28- Me.
beam. It is mounted on a pipe mast that projects
through abearing in the roof and is turned from the
attic operating room. ( W INI 11K in August. 1946, QST.)
The elements should be coated both inside and
out with slow- drying aluminum paint. For
coating the inside, a spray gun may be used.
or the paint may be poured in one end while
rotating the tubing. The excess paint may be
caught as it comes out the bottom end and
poured through again until it is certain that
the entire inside wall has been covered. The
ends should then be plugged up with corks
sealed with glyptal varnish.

Metal Booms
Metal can be used to support the elements
of the rotary beam. For 28 Me., a piece of 2inch diameter duraluminum tubing makes a
good " boom" for supporting the elements.
The elements can be made to slide through
suitable holes in the boom, or special clamps
and brackets can be fashioned to support the
elements. By making use of tubing or durniuminum angle, a lightweight support for a 20meter antenna cat] be built. The four-element
beam shown in Figs. 14-48, 14-49 and 14-50
is an example. It uses 1%
3 - inch angle for the
main pieces and 3
%-inch angle for the other
members, and the entire framework plus elements weighs only forty pounds. This simplifies
considerably the problem of support.
The following aluminum pieces are required:
4 — 1-inch diameter tubing, 12 feet long,
•1 6inch wall
8 — ginch diameter tubing, 12 feet long, ).(i2inch wall. Must fit snugly into 1-inchi
tubing.
2 — 13
%- inch angle, 21 feet long
2 — U-inch angle, 21 feet long
4 — n- inch angle, 1foot long
2 — M-inch diameter tubing, 6 feet long

Supports
The supporting frainc‘% ork for a rotary
beam usually is made of ‘‘ ,, od or metal, using
as lightweight construction as is consistent
with the required strength. Generally, the
frame is not required to hold much weight,
but it must be extensive enough so that the
antenna elements can be supported near
enough to their ends to prevent excessive sag,
and it must have sufficient strength to stand
up under the maximum wind in the locality.
The design of the frame will depend chiefly
on the size of the antenna elements, whether
they are mounted horizontally or vertically,
and the method to be employed for rotating
the antenna.
The general preference is for horizontal
polarization, primarily because less height is
required to clear surrounding obstructions
when all the antenna elements are in the
horizontal plane. This is important at 14 and
28 Mc. where the elements are fairly long.
The support may be coupled to the pole by
any convenient means which permits rotation
or, alternatively, it may be firmly fastened to
the pole and the latter rotated in bearings affixed to the side of the house.
One type of construction is shown in Fig.
14-47. It uses a section of ordinary ladder as
the main support, with crosspieces to hold the
tubing antenna elements.

Fig. 14-411 — A four-element It Mc. beam of lightweight all- metal construction. Fed by coaxial cable and
hand-rotated, the antenna and boom assembly weighs
only 40 pounds. (
KI-161J, Dec., 1947, QST.)
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Fig. 14-49 — Detail. of the 4-element beam construction. The general dimensions and arrangement of the beam
are given in A, the detail of the ends of the boom is shown at El, and C shows the construction of the central pivot.
A discarded forge-blower gear train is used to drive the assembly.

Aluminum tubing and angle corresponding
to the above sizes can possibly be bought from
scrap dealers at reasonable prices, if not directly from the manufacturer. If the sections of
the elements do not fit snugly, insert shims or
make some other provision for atight fit, since
the appearance of the beam will be spoiled by
sagging elements. Some amateurs reinforce
their beam elements with copper-clad steel wire
supported a foot above the elements at the
boom and tied to the extreme ends of the
elements.
As shown in Fig. 14-49A, two 1%
3 -inch aluminum angles 21 feet long serve as the main
members of the boom. They are spaced one foot
apart. The elements are spaced 7 feet apart.
Wooden spacers of 2 X 2are placed at the end
of the boom and screwed on with brass screws.
These spacers are also placed under each element where it crosses the boom. These spacers
may be unnecessary if the elements are bolted
to the boom, but if the construction is as in
Fig. 14-49B the spacers are recommended.
The cross braces shown in Fig. 14-50 are put
into position at the very last, after the beam
is hung in position on the central pivot, since
they offer a means for truing up minor sag in
the elements.
The central pivot consists of a structure
made from %- inch angle iron and -inch pipe,
as shown in Fig. 14-49C. It has to be brazed.
The crossbar rest is made separate from
the boom and central pivot, and affords a
means for tilting the beam when unbolted
from these structures. The M- inch pipe is
drilled for the coaxial line that is fed through

this pipe. The pinion gear on the %-ineh pipe
should be brazed on.
A washing- machine gear train is well suited
for this type of beam. Another possibility
(used in this instance) is a discarded forge
blower. It was fitted with a
pipe which
serves as the central pivot. The gear train ends
up in a " V "-pulley, and the beam is easily
rotated by a system of ropes and pulleys that
ends up in an automobile steering wheel at the
operating position. A plumb bob attached to
the shaft of the steering wheel serves as a direction indicator. A small cardboard scale
mounted along the line of plumb-bob travel
can be readily calibrated to show the direction
of the beam.
The supporting structure for this beam consists of a4 X 4pole 30 feet long, with ten-foot
extensions of 2 X 4 bolted to both sides of the
bottom, making the total length about 36 feet.
Two sets of guy wires should be used, approximately 2feet and 15 feet from the top. As an
alternative, the pole can be set against the side

Fig. 14-50 — The boom for the 4-element beam is cross.
braced at two points, about 6 feet in from the ends.
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of the house, and only the top set of guys used
to provide additional support.
With all- metal construction, delt a, " gamma"
or ' T"- mat eh are the only pract leaf mat ching
methods to use to the line, since any t
hing ( 4se
requires opening the driven element at the
center, and this complicates the support problem for that element.
A Wooden Boom for 14 Mc.
Many amateurs prefer to build their beam
booms from standard pieces of lumber, and
the beam shown in Figs. 14-51 and 14-52 is
an example of excellent design in wooden-b:min
construction. The boom members are two 20foot 2 X 4s fastened to the 4 X 12 X 24- inch
center block with six lag screws. The two
center screws serve as the axis for tilting —
the other four lock the boom in position after
final assembly and adjustment have been completed. The blocks midway from each end are
2 X 4s spaced about six inches apart, with a
long bolt between them. When this bolt is
drawn tight, avery sturdy box brace is formed.
The crossarms are 3 X 3s twelve feet long,
bolted to the boom with carriage bolts.
The umbrella guys should have turnbuckles
in them, and t
he guys are fastened to the center
support after the beam has been permanently
locked in its horizontal position. With the turn-

buckles properly adjusted, there will be no sag
in the boom and the elements will be neat.
The elements are 13
/8-and 1 -itich diameter
duralumin tubing, supported by 11';
'
?inch
stand-off insulators. hose clamps are used to
hold the elements on the insulators. Final
adjustment of element lengths is possible
through " hairpin" loops. The tower for the
beam shown in Fig. 14-51 was aSears- Roebuck
windmill tower. The driving motor for the
beam was located halfway down the tower, the
torque being transmitted through a length of
1-inch drive shaft. A pipe flange is welded
to the drive shaft and bolted to the center
block. A cone bearing is obtained by turning
both the flange and a sleeve of 2- inch pipe to
match, as shown in Fig. 14-52.
One method of matching the line to the
antenna is to use a quarter wavelength of
75-ohm Twin- Lead between the radiator and
the slip-ring contacts, to match a 600-ohm
line from the slip rings to the transmitter.
A 600- ohm open- wire line is run to a point
about halfway up on the tower, then up the
side of the tower to the slip rings. The slip
rings are mounted on the top of the tower,
directly under the center block. A quarterwavelength matching section of transmittingtype 75-ohm Amphenol Twin- Lead hangs in a
loop between the driven element and the slipring contacts.
”Plumber's- Delight" Construction

Fig. 14-51— A wooden boom for a I-elemem
boom ran be made quite - trong hs itillit•1111,11•1'
mires. Titis in-mil:woo i- made on ill , 111 1111111
an d the (hi% e enot..r
mounted halfm a) . Iomo
tower. ( W6N1JB, Nov., 1947, QT.)
,

II- \ Ie.
., tguy
tower,
at the

The lightest beam to build is the so-called
"plumber's delight" — an array constructed
entirely of metal, with no insulating members
between the elements and the supporting
structure. Suggested constructional details are
shown in Figs. 14-53, 14-54, 14-55, 14-56 and
14-57.
The boom can be built of two lengths of
3-inch diameter 24ST durai tubing of 0.072inch wall thickness, as shown in Fig. 10-105.
The two sections are spliced together with a
three-foot length of 6 X 6 oak, turned down
at each end to lit inside the tubing. The center
of the block is left square to provide a flat
surface to attach to the vertical rotating pipe.
At each extremity of this boom is cut a hole
the exact diameter of the parasitic elements.
A two-foot length of 3
%-inch pipe, complete
with flange mounting plate, is bolted to the
top surface of the oak block, and a single guy
wire is run to each end of the boom. An egg
insulator and a turnbuckle are placed in each
guy. The turnbuckles should be tightened
until there is no sag in the boom when it is
supported at the center, and then safety- wired.
Finally the center block should be given agood
coat of paint or varnish.
The elements can be made of three 12-foot
lengt lis of ( lurid tubing, the two outside lengths
teleseoping inside the center section. The ends
of the center section should be slotted for a
distance of about 4 inches with a hack saw,
but it is advisable to do the slotting after the
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the antenna by two clamps lashlotted of 1-inch-wide brass strip.
A convenient method for supporting the boom atop the pipe
used to rotate the beam is shown
in Fig. 14-56. A " U"-channel
into which the boom will fit is
welded to the end of the pipe.
Holes are drilled in the side of
the channel corresponding to
holes in the boom. The boom is
hoisted up and positione.1 between the two flanges and ebolt
run through the flanges and the
boom. The boom can then be
swung into a horizontal position
and the second bolt put in place.
Feeder Connections

For beams that rotate only
180 degrees, it is relatively simple to bring off feeders by makTurnbuckles
ing ashort section of the feeder,
just where it leaves the rotating
member, of flexible wire. Enough
Fasten to
slack should be left so that there
center block
is no danger of breaking or
twisting. Stops should be placed
2' Sleeve
on the rotating shaft of the an75- ohm iwave
tenna so that it will be impossection to driven
sible for the feeders to " wind
element
Insulators
up." This method also can be
used with antennas that. rotate
Spring-bronze
the full 360 degrees, but again a
wiping contacts
stop is necessary to avoid jamming the feeders.
600-ohm open For continuous rotation, the
wire line
sliding contact is simple and,
when properly built, qui!e prac1"1
hp view of
ticable. The chief points to keep
drive
slip rings
shaft
in mind are that the contact
surfaces should be wide enough
to take care of wobble in the
Fig. 14-52 — Details of the wooden boom, its method of support and the rotating shaft, and that the conconstruction of the slip rings.
tact surfaces should be kept
clean. Spring contacts are essential, and an " umbrella" or other scheme for
center sections have been assembled on the
keeping rain off the contacts is a desirable adboom. The parasitic-element center sections
dition. Sliding contacts preferably should be
are fastened to the boom wit h 3¡.-inch bolts,
used with nonresonant open lines where the
as shown in Fig. 14-54, while the driven elecharacteristic impedance is of the order of 500
ment is secured in a cradle made of half secto 600 ohms, so that the line current is low.
tions of iron pipe welded together, as shown in
Fig. 14-55. The cradle is bolted to the boom
with three 3-inch bolts, and the driven element is held fast with two bolts or with adjustable aircraft- tubing clamps.
iiirnbuckle
The feedline for the antenna
3.
can be any balanced line, of from
insulator
.Z gal
Iron pipe—,
epe
- flange
200 to 600 ohms impedance, and
it is most conveniently coupled
— _through a " T"-match. This " T"fenh9
match assembly can be made Mile for
Center oa.4 block
from two 4-foot lengths of durai parasitk
element
tubing joined together by a piece Fg. 14-53 — The boom is made of two 10-foot lengths of durai tubing
of broomstick, as shown in Fig. slipped over a Moot oak block and held in place with 2-inch wood
14-57. The " T" is connected to screws. Guy wires from the center add strength to the boom structure.
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-2.9 bolt
end-on view of boom

element
Fig. 14-54 — 'rhe center element section is held in the
boom with a %-28 machine screw, nut and lock washer.
The guy wire attaches to the head of the bolt.

The possibility of poor connections in sliding
contacts can be avoided by using inductive coupling at the antenna, with one coil rotating on
the antenna and the other fixed in position, the
two coils being arranged so that the coupling
does not change when the antenna is rotated.
A quarter-wave feeder system is connected to
a tuned pick-up circuit whose inductance is
coupled to a link. The link coil connects to a
twisted-pair transmission line, but any type
of line such as flexible coaxial cable can be
used. The circuit would be adjusted in the
same way as any link-coupled circuit, and the
number of turns in the link should be varied
to give proper loading on the transmitter. The
rotating coupling circuit of course tunes to the
transmitting frequency. The whole thing is
equivalent to a link-coupled antenna tuner
mounted on the pole, using a parallel-tuned
tank at the end of a quarter-wave line to
center-feed the antenna. To maintain constant
coupling, the two coils should be quite rigid
and the pole should rotate without wobble.

Fig. 14-55 — The clamp for the driven element is made
by splitting 1-foot lengths of iron pipe and welding them
as shown.

The two coils might be made a part of the
upper bearing assembly holding the rotating
pole in position.
Other variations of the inductive-coupled
system can be worked out. The tuned circuit
might, for instance, be placed at the end of a
600-ohm line, and aone-turn link used to couple directly to the center of the antenna, if the
construction of the rotary member permits. In
this case the coupling can be varied by
changing the L/C ratio in the tuned circuit. For mechanical strength the coupling
coils preferably should be made of s-inch
copper tubing, well braced with insulating
strips to keep them rigid.
Rotation
It is convenient to use amotor to rotate
the beam, but it is not always necessary,
especially if arope-and-pulley arrangement

can be brought into the operating room. If the
pole can be mounted near a window in the
operating room, hand rotation of the beam
will work out quite well, as has been proven by
many amateur installations.
If the use of a rope and pulleys is impracticable, motor drive is about the only alternative. There are several complete motor- driven
rotators on the market, and they are easy to
mount, convenient to use, and require little or
no maintenance. However, to many the cost of
such units puts them out of reach, and ahomemade unit must be considered. Generally
speaking, lightweight units are better because
they reduce the load on the mast or tower.

Bottom of channel
cut out at bob, ends
for boom to slip into
bolt holes while
it is still vertical

Fig. 14-56 — The mounting plate is made from a
length of " U"-channel iron cut and drilled as shown.
The boom is raised vertically until one set of bolt holes
is in line and abolt is slipped ti
gh. The boom is then
swung into its horizontal position and the other bolt is
put in place.

The speed of rotation should not be too
great — one or two r.p.m. is about right. This
requires u considerable gear reduction from
the usual 1750-r.p.m. speed of small induction
motors; a large reduction is advantageous
because the gear train will prevent the beam
from turning in weather-vane fashion in a
wind. The ordinary structure does not require
agreat deal of power for rotation at slow speed,
and a A
1 -hp. motor will he ample. Even small
series motors of the sewing-machine type will
develop enough power to turn a 28- Mc, beam
at slow speed. If possible, a reversible motor
should be used so that it will not be necessary
to go through nearly 360 degrees to bring the
beam back to a direction only slightly different, but in the opposite direction of rotation,
to the direction to which it may be pointed at
the moment. In cases where the pole is stationary and only the supporting framework
rotates, it will be necessary to mount the motor
and gear train in a housing on or near the top
of the pole. If the pole rotates, the motor can
f
orm to
fit element
oak

dowel
bolts

Fúrtn to
tit " r"
bolt
ho/es

r itura/ tube
4' long

feed line

Fig. 14-57 — Details of the "T"-match assembly.

ANTENNAS
be installed in a more accessible location.
Parts from junked automobiles often provide
gear trains and bearings for rotating the antenna. Rear axles, in particular, can readily be
adapted to the purpose. Driving motors and
gear housings will stand the weather better if
given a coat of aluminum paint followed by
two coats of enamel and acoat of glyptal varnish. Even commercial units will last longer if
treated with glyptal varnish. Be sure, of course,
that the surfaces are clean and free from grease
before painting them. Grease can be removed
by brushing it with kerosene and then squirting the surface with a solid stream of water.
The work can then be wiped dry with arag.
If hand rotation of the beam is used, or if the
rotating motor drives the beam through apulley system, bronze cable or chain drive is preferable to rope. However, if you must use rope,
be sure to soak it overnight in pure linseed oil
and then let it dry for several days before permanent installation.
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The power and control leads to the rotator
should be run in electrical conduit or in lead
covering, and the metal should be grounded.
Often r.f. appearing in power leads can be reduced by suitable filtering, but running wires
in conduit is generally easier and more batisfactory. Any r.f. in the wiring can sometimes
be responsible for feed-back in â ' phone transmitter. " Hash" from the motor is also reduced
by shielding the wires, but it is often necessary
to install a small filter at the motor to reduce
this source of interference. Motor noise appearing in the receiver is anuisance, since it is usual
practice to determine the proper direction for
the beam by rotating it while listening to the
station it is desired to work and setting the
antenna at the point that gives maximum signal strength.
The outside electrical connections should be
soldered, bound with rubber tape followied by
regular friction tape, and then given a coat of
glyptal varnish.

CHAPTER 15

About V.H.F.
While it is possible to use the frequencies
above 30 Mc. without knowing anything about
wave propagation, the amateur who understands something of the means by which his
signals reach (listant points will be able to do a
better job of it. Because much of the pleasure

and satisfaction to be derived from v.h.f. work
lie in making the best possible use of propagation vagaries associated with natural phenomena, a working knowledge of the basic principles of wave propagation is a most useful tool
for the v.h.f. operator.

What To Expect of the V.H.F. Bands
The assignments from 50 Mc. up are superior to our lower bands in one outstanding
respect: their ability to provide interferencefree communication consistently within a limited service area. Lower frequencies are more
subject to varying conditions that impair their
effectiveness for work over aradius of 100 miles
or less at least part of the time, and the heavy
occupancy they support creates a continuing
interference problem. Our v.h.f. bands, on the
other hand, are seldom crowded, and their
characteristics for local work are more stable.
Because of these attributes the 50- and 144- Mc.
bands, particularly, enjoy considerable popularity in areas where there are dense concentrations of population.
In addition, it has been found that there are
several media by which v.h.f. signals are propagated beyond the local range, and operation
on the v.h.f. bands has been taken up by
many operators who must depend almost entirely on " DX" for their contacts. The latter
group, particularly, will benefit from a familiarity with common propagation phenomena.
The material to follow is intended to supplement the more detailed information in Chapter
4, dealing with wave propagation as it affects
the world above 50 Mc.
50 to 54 Mc.
This band is borderline territory between the
frequencies regularly used for long-distance
communication and those normally employed
for local work. Thus just about every form of
wave propagation to be found throughout the
radio spectrum will appear, on occasion, in the
50- Mc. region. This diversity has contributed
greatly to the growing popularity of the 50- Me.
band in the amateur picture.
During the peak years of the sunspot cycle it is occasionally possible to work 50- Me.
DX of worldwide proportions, by reflection
of signals from the F2 layer. Sporadic- E skip
provides opportunities for work over distances
from 400 to 2500 miles or so during the early

summer months, regardless of the solar cycle. Reflection from the aurora regions accounts for communication over 100 to 600- mile
paths during pronounced ionospheric disturbances. The ever-changing weather pattern
offers frequent opportunities for extension of
the normal coverage to as much as 300 miles.
This tropospheric condition develops most
often during the warmer months, but may occur at any season. In the absence of any
favorable propagation, the average wellequipped 50- Mc, station should be able to work
regularly over a radius of 75 to 100 miles or
more, depending on local terrain.
144 to 148 Mc.
Ionospheric effects are greatly reduced at
144 Mc. It is doubtful whether P2layer reflection ever occurs at this frequency, and
sporadic- E skip is a rare phenomenon. Aurora
reflection is fairly common, but the signals so
reflected are generally weaker than on 50 Mc.
Tropospheric effects are much more pronounced than on 50 Mc., and distances covered during favorable weather conditions are
much greater than on lower bands. Air- mass
boundary bending has been responsible for
communication on 144 Mc. over distances in
excess of 1100 miles, and 500- mile work is fairly
common in the warmer months. The reliable
working range tinder normal conditions is
slightly less than on 50 Me., when comparable
equipment and antennas are used.
220 Mc. and Higher
Amateur experience on the higher bands is
insufficient to provide a complete picture of
what may be expected in the way of unusual
propagation. There is reason to believe that
tropospheric bending and duet effects become
more prevalent as we go higher in frequency
and that much interesting work lies in store for
us when we move to the frequencies above 200
Mc. in larger numbers and with improved
equipment.
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Propagation Phenomena
The various known means by which v.h.f.
signals may be propagated over unusual distances are discussed below.
F2-Layer Reflection
The " normal" contacts made on 28 Mc. and
lower frequencies are the result of reflection of
the transmitted wave by the F2 layer, the
ionization density of which varies with solar
activity, the highest frequencies being reflected
at the peak of the 11-year solar cycle. The
maximum usable frequency ( m.u.f.) for F2
reflection also rises and falls with other welldefined cycles, including daily, monthly, and
seasonal variations, all related to conditions on
the sun and its position with respect to the
earth.
At the low point of the 11-year cycle, such
as the period we are entering in the early ' 50s,
the m.u.f. may reach 28 Mc. only during a
short period each spring and fall, whereas
it may go to 60 Mc. or higher at the peak
of the cycle. The fall of 1946 saw the first
authentic instances of long-distance work on 50
Mc. by F9-layer reflection, and as late as 1950
contacts were still being made in the more
favorable areas of the world by this medium.
In the northern latitudes there are peaks of
m.u.f. each spring and fall, with a low period
during the summer and a slight dropping-off
during the midwinter months. At or near the
Equator conditions are more or less constant
at all seasons.
Fortunately the F2 m.u.f. is quite readily

_

determined by observation, and means are
available whereby it may be estimated quite
accurately for any path at any time. It is predictable for months in advance,' enablikg the
v.h.f. worker to arrange test schedules with
distant stations at propitious times. As there
are numerous signals, both harmonics and
fundamental transmissions, on the air in the
range between 28 and 50 Mc., it is possible for
an observer to determine the approximate
m.u.f. by careful listening in this range. A
series of daily observations will serve to show
if the m.u.f. is rising or falling from day to day,
and once the peak for a given month is determined it can be assumed that the peak for
the following month will occur about 27 days
later, this cycle coinciding with the turning of
the sun on its axis. The working range, via F2
skip, will be roughly comparable to that on
28 Mc., though the mininzunz distance is somewhat longer. Two-way work on 50 Mc. by
means of reflection from the F2 layer has been
accomplished over distances ranging from
2200 to 10,500 miles. The maximum frequency
for F2 reflection is believed to be in the vicinity
of 70 Mc.
Sporadic-E Skip
Patchy concentrations of ionization in the
E- layer region are often responsible for reBasic Radio Propagation Predictions, issued monthly,
three months in advance, by the Central Radio Propagation
Laboratory of the National Bureau of Standards'. Order
from the Supt. of Documents, Washington 25, D. C.; $1.00
per year.

spoPADIC - E CLou0S
Altitude about so miles

"DOUBLE

Fig. 15-1— The principal means by which v.h.f. signals may be returned to earth. The F2 layer, highest of the
known reflecting regions of the ionosphere, is capable of reflecting 50- Mc, signals during the peak period of the 11.
year solar c> ele. Such communication may be world-wide in scope. Sporadic ionization of the Elayer produces the
f'amiliar -short skip' .contacts over medium distances at 28 and 50 Mc. On these bands it is afairly frequent occurrence regardless of the solar cycle. It is most common in May through August. Refraction of v.h.f. waves also
takes place at air-mass boundaries in the lower atmosphere, making possible communication over distances of several
hundred miles, usually without askip zone, on all v.f.h. bands.
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flection of signals on 28 and 50 Mc. This is the
popular " short skip" that provides fine contacts on both bands in the range between 400
and 1300 miles. It is most common in May,
June and July, during the early evening hours,
but it may occur at any time or season. Since
it is largely unpredictable, at our present state
of knowledge, sporadic-E skip is of high " surprise value." Multiple- hop effects may appear,
when ionization develops simultaneously over
large areas, making possible work over distances of more than 2500 miles.
The upper limit of frequency for sporadic- E
skip is not positively known, but scattered
instances of 144- Mc, propagation over distances in excess of 1000 miles indicate that
E- layer reflection, possibly aided by tropospheric effects, may be responsible.
Aurora Effect
Low-frequency communication is occasionally wiped out by absorption of these frequencies in the ionosphere, when ionospheric
storms, associated with variations in the
earth's magnetic field, occur. During such disturbances, however, v.h.f. signals may be
reflected back to earth, making communication
possible over distances not normally workable
in the v.h.f. range. Magnetic storms may be
accompanied by an aurora- borealis display, if
the disturbance occurs at night and visibility is
good. When the aurora is confined to the northern sky, aiming a directional array at the
auroral curtain will bring in signals strongest,
regardless of the true direction to the transmitting station. When the display is widespread there may be only a slight improvement noted when the array is aimed north.
The latter condition is often noticed during
the period around the peak of the 11-year
cycle, when solar activity is spread well over
the sun's surface, instead of being concentrated in the region near the solar equator.
Aurora- reflected signals are characterized by
a rapid flutter, which lends a " dribbling"
sound to 28- Mc, carriers and may render
modulation on 50- and 144- Mc, signals completely unreadable. The only satisfactory
means of communication then becomes straight

c.w. The effect may be noticeable on signals
from any distance other than purely local,
and stations up to about 800 miles in any
direction may be worked at the peak of the
disturbance. Unlike the two methods of propagation previously described, aurora effect
exhibits no skip zone. It is observed frequently on 50 Mc., and pronounced disturbances affect the 144- Mc, band similarly. The
highest frequency for aurora reflection is not
yet known.
Scatter
When the maximum usable frequency for
b2-layer reflection goes above 50 Mc. it is
usually possible to observe a phenomenon
known to operators on 50 and 28 Mc. by a
variety of terms. " Scatter" " rebound" and
"reflected skip" are some of the names given
to the means of propagation by which signals
are returned at sharp angles from the region
near the point of highest m.u.f.
The first two terms are more descriptive of
what actually happens. Usually there is no
skip zone, and signals so reflected may be
heard over all distances up to perhaps 1000
miles. The reflection process is somewhat similar to that of aurora propagation, except that
the point of reflection may be in any direction
from the stations involved. Scatter signals
usually show considerable audio distortion,
and are subject to rapid fading.
Reflections from Meteor Trails
Probably the least- known means of v.h.f.
wave propagation is that resulting from the
passage of meteors across the signal path. Reflections from the ionized meteor trails may be
noted as a Doppler-effect whistle on the carrier of a signal already being received, or they
may cause bursts of reception from stations
not normally receivable. Sudden large increases in strength of normally- weak signals
are another manifestation of this effect. Ordinarily such reflections are of little value in
extending communication ranges, since the increases in signal strength are of short duration,
but meteor showers of considerable magnitude
and duration may provide fluttery v.h.f.
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Fig. 15-2— Illustrating atypical weather sequence, with associated variations in v.h.f. propagation. At the right
is acold air mass ( fair weather, high or rising barometer, moderate summer temperatures). Approaching this from
the left is awarm moist air mass, which overruns the cold air at the point of contact, creating atemperature inversion and considerable bending of v.h.f. waves. At the left, in the storm area, the inversion is dissipated and signals
are weak and subject to fading. Barometer is low or falling at this point.
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signals from distances up to 1000 miles or
more. Signals so reflected have a combination
of the characteristics of aurora and sporadic- E
skip.
Tropospheric Bending
Refraction of radio waves takes place whenever a change in refractive index is encountered. This may occur at one of the ionized
layers of the ionosphere, as mentioned above,
or it may exist at the boundary area between
two different types of air masses, in the region
close to the earth's surface. A warm, moist air
mass from over the Gulf of Mexico, for instance, may overrun acold, dry air mass which
may have had its origin in northern Canada.
Each tends to retain its original characteristics
for considerable periods of time, and there may
be a well-defined boundary between the two
for as much as several days. When such airmass boundaries exist along the path between two v.h.f. stations separated by 50 to
300 miles or more, a considerable degree of
refraction takes place, and signals run high
above the average value. Under ideal conditions there may be almost no attenuation, and
signals from far beyond the visual horizon
will come through with strength comparable
to that of local stations.
Many factors other than air- mass movement
of a continental character may provide increased v.h.f. operating range. The convection
that takes place along our coastal areas in
warm weather is a good example. The rapid
cooling of the earth after ahot day in summer,
with the air aloft cooling more slowly, is
another, producing a rise in signal strength in
the period around sundown. The early- morning
hours, when the sun heats the air aloft, before
the temperature of the earth's surface begins
its daily rise, may frequently be the best hours
of the day for extended v.h.f. range, particularly in clear, calm weather, when the barometer is high and the humidity low.
Any weather condition that produces a
pronounced boundary between air masses of
different temperature and humidity characteristics provides the medium by which v.h.f.
signals cover abnormal distances. The ambitious v.h.f. enthusiast soon learns to correlate
various weather manifestations with radiopropagation phenomena. By watching temperature, barometric pressure, changing cloud
formations, wind direction, visibility, and
other easily-observed weather signs, he is able
to tell with a reasonable degree of accuracy
what is in prospect on the v.h.f. bands.
The responsiveness of radio waves to varying weather conditions increases with frequency. Our 50- Mc. band is considerably more
sensitive to weather variations than is the
28- Mc. band, and the 144- Mc, band may show
strong signals from far beyond visual distances
when the lower frequencies are relatively inactive. The maximum distance over which

tropospheric propagation is frequently observed on 50 Mc. is in the neighborhood of 300
miles. On 144 Mc. distances of 500 miles are
not uncommon. It is probable that this tendency continues on up through the microwave
range, and that our assignments in the u.h.f.
and s.h.f. portions of the frequency spectrum
may someday support communication over
distances far in excess of the optical range.
Already 144- Mc. tropospheric communication
by amateurs has passed the 1100- mile mark,
and even greater distances are believed possible on this and higher frequencies.

•STATION

LOCATIONS

In line with our early notions of v.h.f. wave
propagation, it was once thought that only
highly-elevated v.h.f. stations had any chance
of working beyond a few miles. Almost all the
work was done by portable stations operating
from mountain tops, and only hilltop home
sites were considered suitable for fixed-station
work. It is still true that the fortunate amateur
who lives at the top of a hill enjoys a certain
advantage over his fellows on the v.h f. bands,
but 'high elevation is not the all-important
factor it was once thought to be.
Improvements in equipment, the wide use of
high-gain antenna systems, and an awareness
of the opportunities afforded by weather phenomena have enabled countless v.h.f_ workers
to achieve excellent results from seemingly
poor locations. In 50- Mc. DX work particularly, elevation has ceased to be an important
factor, though it may help in extending the
range of operation somewhat under normal
conditions. A high elevation is somewhat more
helpful on 144 Mc. and higher frequencies,
particularly when no unusual propagation factors are present, as during the winter months.
Other factors, such as close proximity to large
bodies of water, may more than compensate for
lack of elevation during the other seasons of
the year, however.
Stations situated in sea- level locations along
our coasts have been consistent in their ability
to work long distances on 144 Mc; weather
variations provide interesting propagation effects over our Middle Western plain areas; and
even the worker situated in mountainous country need not necessarily feel that he is prevented by the nature of his horizon from doing
interesting work. Contacts have been made
on 50 and 144 Mc. over distances in excess of
100 miles in all kinds of terrain.
The consistently-reliable nature of 50 and
144 Mc. for work over such aradius. and more,
regardless of weather, time or season, and the
occasional opportunities these frequencies afford for exciting DX, have caused :Jut increasing number of amateurs to migrate to the
v.h.f. bands for extended- local communication,
once thought possible only on the lower frequencies.

CHAPTER 16

V.H.F. Receivers
Even more than in work on lower frequenability of the system to respond to weak sigcies, receiver performance is all-important in
nals. Proper selection of r.f. amplifier tubes
the v.h.f. station. High sensitivity and good
and appropriate circuit design aimed at low
signal-to-noise ratio, necessary attributes in a noise figure are of more importance in the
receiving system for 50 Mc. and higher bands,
v.h.f. receiver " front end" than mere gain.
are best attained through the use of a conCertain triode or triode- connected pentode
verter, working in conjunction with a comtubes have been found superior in this respect,
munications receiver designed for lower fretheir superiority becoming more pronounced
quencies. Though receivers and converters for
as we go higher in frequency. At 144 Mc., for
50, 144, and even 220 Mc. are available on the
instance, a triode r.f. stage may give subamateur market, it is possible for the v.h.f.
stantially the same gain as a pentode, but
worker to build his own with fully as good rewith a much lower noise figure. With the exsults, and at a considerable saving in cost.
ception of the simplest unit, the equipment
In its basic principles, modern receiving
described in the following pages incorporates
equipment for these bands differs little ' from
low- noise r.f. amplifier technique.
that employed on lower frequencies, and the
When triodes are used as r.f. amplifiers some
same order of selectivity may be used in amaform of neutralization of the grid- plate capacteur work up to at least 220 Mc. The greatest
itance is required. This can be capacitive, as is
practical selectivity should be used in v.h.f.
commonly used in transmitting applications,
work, as well as on the frequencies below
CN
30 Mc., as it not only permits more
stations to operate in a given band, but
is an important factor in improving the
signal-to-noise ratio. The effective sensitivity of a receiver having " commu- Ant.
followmg state
nication" selectivity can be made considerably better than is possible with
broadband systems. First on 56 Mc.,
more than a decade ago, then more reHeater
cently on 144 Mc., and currently on
220 and 420 Mc., the change to selective superheterodyne receivers marked
63VAL
the beginning of real extensions of the
-100
operating range.
Fig. 16-1 — Schematic diagram of a pushpull r.f. amplifier for
The superregenerative receiver, once
v.h.f. receiver use. This circuit is well suited to use with antenna
very popular for v.h.f. work, is now used
systems fed by balanced lines. Coil and condenser sizes will be
principally for portable operation, or for
governed by the band for which the amplifier is to be used.
other applications where maximum sensiC 1— 0.005- aftl. disc ceramic.
tivity and selectivity are not of prime
Cs — Neutralizing capacitance, about 2 µµM. May be made
from lengths of 75-ohm Twin- Lead about 1! ,
:¡ inches
importance. It is still capable of surprising
long.
performance, for a given number of tubes
R1— 150 ohms, !,2-watt carbon.
R2 — 1000 ohms, ,V2- watt carbon.
and components, but its lack of selectivity,
its poor signal-to-noise ratio, and its tendency to radiate astrong interfering signal rule out
or inductive. The alternative to neutralization
the superregenerator as afixed-station receiver in
is the use of grounded-grid technique. Circuits
areas where there is appreciable v.h.f. activity.
for v.h.t. triode r.f. amplifier stages are given in

•R.F.

Fig. 16-1 through 16-4.
A dual triode operated as a neutralized
The amount of noise generated within the
pushpull amplifier is shown at 16-1. This arreceiver itself is an important factor in the
rangement is well adapted to v.h.f. preamplieffectiveness of v.h.f. receiving gear. At lower
fier applications, or as the first stage in a
frequencies the external noise is a limiting
converter, particularly when abalanced transfactor, but at 50 Mc. and higher the receiver
mission line such as the popular 300-ohm
noise figure, gain and selectivity determine the
Twin- Lead is used. It is relatively selective
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makes for improved performance tt the frequencies above 100 Mc. The two sections of
the tube are in series, as far as plate voltage
is concerned, so it requires higher voltage
than the other circuits shown.
To
The neutralization process for the cascode
following
and neutralized-triode amplifiers is somestage
what similar. With the circuit operating normally the neutralizing adjustments (capacitance of C. in Fig. 16-1 or 16-3; setting the
slug in L.in Fig. 16-2) can be changed until
the stage stops oscillating. The middle of the
range over which no oscillation occurs is approximately the proper setting. Finer adjustInput for 300- lo
ment can be made by disconnecting one
60flihm line
heater lead from the r.f. amplifier tube
Fig. 16-2 — Circuit of the cascode r.f. amplifier. Preferred
socket and adjusting the neutralizing for
antenna coupling methods for coaxial or balanced lines are
minimum signal. A burned-out r.f. tube or
shown. 'I'he first r.f. grid coil, and the neutralizing coil,
one with one heater prong cut off may be
should be ahigh-Q design. Other coils are not critical as to Q.
inserted in the r.f. socket, instead of cutting
CI, C2, Cu, C5 — 0.005-mfd. disc ceramic.
the heater voltage, if desired. The best reC3 — 50-add. ceramic.
Rh 112 — 100 ohms, 3/2.watt carbon.
sults are obtained using a noise generator,
Ra, 114 — 1000 ohms, p2watt carbon.
adjusting for lowest noise figure, but the two
— Should resonate at signal frequency with 6AK5 grid.
methods described above will provide a satplate capacitance.
isfactory approximation.
and may require resistive loading of the plate
Grounded-grid r.f. amplifier technique is illustrated in Fig. 16-4. Here the input circuit is
circuit, when used as apreamplifier. The loading effect of the following circuit may be sufficonnected in the cathode lead, with the grid of
cient to give the required bandwidth, when the
the tube grounded, to act as a shield between
pushpull stage is inductively coupled to the
cathode and plate. The grounded-grid circuit is
stable and easily adjusted, and is well adapted to
mixer.
A two-stage triode amplifier having excellent
broadband applications. The gain per stage is
noise figure and broadband characteristics is
low, so that two or more stages are ordinarily
shown in Fig. 16-2. Commonly called the cas- required. Choice of tubes is fairly limited, the
best for the job being the 6J4, atriode especially
code, it uses a triode or triode-connected pentode followed by atriode grounded- grid stage.
designed for grounded-grid service. The 6AB4
and 6AF4 are suitable, and the 6J6 is used occaThis circuit is extremely stable and uncritical
in adjustment. At 50 Mc. and higher its over-all
sionally, as in Fig. 16-2. Disc-seal tubes such as
the " lighthouse" and " pencil tube" types are
gain is at least equal to the best single-stage
pentode amplifier and its noise figure is far
often used as r.f. amplifiers above 300 Mc., where
ordinary miniature tubes become ineffective
lower.
Neutralization is accomplished by the coil
because of excessive lead inductance.
L., whose value is such t
hat
it resonates at the signal frequency with the grid-plate
capacitance of the tube. Its
inductance is not critical; it
may be omitted from the circuit without the stage going
into oscillation, but neutralization results in alower noise
figure than is possible without it. Any of severa Iyid.
tubes may be used in the
cascode circuit, the most popular arrangement being the
6AK5-6.16 combination,
Fig. 16-2.
A simplified version of the
cascode, using a dual triode
tube designed especially for
Fig. 16-3— Simplified version of the cascode circuit using the 6BQ7 dual
triode. This circuit is particularly effective at 144 Mc. and higher.
this application, is shown in
CI, C2, C3, — 0.001-afd. or larger
RI — 100 ohms,
watt.
Fig. 16-3. By reducing stray
disk ceramic.
112 — 470,000 ohms, -¡", watt.
capacitance, through direct
C5— 2- au fd. ceramic.
C,, — 0.5 to 3 55 1d.
coupling between the two
EC — Bifilar-wound r.f. chokes to be resonant with plate-to-ground capacitance of the first triode, at the highest frequency to be receive&
triode sections, this circuit
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6J4

6J4

dual triode is used as acombination mixer-oscillator, using the
circuits of Figs. 16-5A and 166A. The amount of oscillator
injection is usually not critical,
U To
ollooing
but in the interest of stability it
stato
should be kept as low as practical. In dual triodes having separate cathodes (7F8, 12AT7,
4
2C51, etc.) some external coupling may be required, but the
common cathode of the 6.16 will
6.3 V. AC.. + 100
provide sufficient injection in
16-4 — Grounded-grid r.f. amplifier. Position of cathode taps on coils
most cases. If the injection is
should be adjusted for lowest noise figure.
more than necessary it can be
Ci,
Ca, Cs, Cs — 0.005-pfd. disc ceramic.
reduced by dropping the oscillaC4 — 50-ggfd. ceramic.
tor plate voltage, either directly
RI, 113 — 220 ohms, !4- watt carbon.
or by increasing the value of
112, 114 — 470 ohms, .. watt carbon.
the dropping resistor, RI.
MIXER CIRCUITS
A pentode mixer may be less subject to
oscillat or pulling than a triode, and it will
Triode tubes are favored for v.h.f. applicaprobably require less injection voltage. If a
tions, as they are less critical as to operating
pentode mixer is used, its plate current should
conditions and the highest frequency at which
be held to the lowest, usable value, to reduce
they will operate satisfactorily is well above
tube noise. This may be controlled by varying
that of most pentodes. When used in mixer
the mixer screen voltage. 'I'he principal use of
circuits triodes are usually quieter in operation
pentode mixers in v.h.f. work is in the interest
as well.
of simplicity of circuit layout, as in multiband
A simple triode mixer circuit is shown in
converters employing bandswitching.
Fig. 16-5A. The grid circuit is tuned to the
Occasionally oscillation near the signal fresignal frequency, the plate circuit to the interquency may be encountered in v.h.f. mixers.
mediate frequency. A dual-triode version is
This usually results from stray lead inductance
given at B. The latter is particularly suitable
in the mixer plate circuit, and is most common
for use at the higher frequencies. Frequently a
with triode mixers. It may be corrected by connecting asmall capacitance from plate to cathode,
directly at the tube socket. 10 to 25 pad. will be
sufficient, depending on the signal frequency.

•

•
FOutpUt

(A)
6J6

03c.

hijedlon

(B)

Fig. 16-5 — Two types of triode mixers suitable for
v.h.f. receivers. A single-ended triode circuit is shown at
A. The tube may be half ola dual triode, with the other
,portion used as the oscillator, or separate tubes may be
used. The dual- triode version, 11, is particularly useful
for 144 Mc. and higher bands.
CI — 50 geifd. ceramic or mica.
Cs, Cs — 30 to 50 mifd. ceramic or mica.
Ca, C4, C5 — 0.005 odd. disc ceramic.
R1 — 1megohm, 14 watt.
R2, R4 — 1000 ohms, 14 watt.
Ra — 150 ohms, 3¡ watt.

OSCILLATOR STABILITY

When a high-selectivity i.f. system is employed in v.h.f. reception, the stability of the
oscillator is extremely important. Slight variations in oscillator frequency that would not be
noticed when abroadband i.f. amplifier is used
become intolerable when the passband is reduced to crystal- filter proportions.
One satisfactory solution to this problem is
the use of a crystal- controlled oscillator, with
frequency multipliers if needed, to supply the
injection voltage. Such a converter usually
employs one or more broadband r.f. amplifier
stages, and tuning is done by varying the
intermediate frequency to cover the desired
frequency range.
When a tunable oscillator and a fixed intermediate frequency are used, special attention
must be paid to the oscillator design, to be sure
that it is mechanically and electrically stable.
The tuning condenser should be solidly built;
preferably of the double- bearing type. Splitstator condensers specifically designed for
v.h.f. service, usually having ball- bearing end
plates and special construction to insure short
leads, are well worth their extra cost. Leads
should be made with stiff wire, to reduce vibra-
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tion effects. Mechanical stability of air- wound
coils can be improved by tying the turns together with narrow strips of household cement
at several points.
Recommended oscillator circuits for v.h.f.
work are shown in Fig. 16-6. The single-ended
oscillator may be used for 50 or 144 Mc. with
good results. The pushpull version is recommended for higher frequencies and may also be
used on the two lower bands, as well. Circuit
A works well with almost any small triode, the
6AB4, or one half of a6.J6, 7F8, or 12AT7 being
most commonly used. The 6.16 is well suited to
pushpull applications, as shown in circuit 16-6B.

6J6

RFC

RFC

6.3V.
6.3V. + 100V.
-100V.
(A)

6.3 V.
- 100 V.

6.311

( B)

Fig. 16-6 — Recommended circuits for %. h.f. oscillators.
The pushpull arrangement at li is recommended for
220 and 420 '11c., particularly.
CI — 50 add.
RI— Any small carbon resistor, 1000 ohms or less.
Ra — 10,000 ohms, 32 watt.
fla — 3000 to 5000 ohms, Y¡ watt.

•THE

permit operation of the converter with receivers of widely-different performance. If .he receiver has an S-meter, its adjustment may be
left in the position used for lower frequencies,
and the converter gain set so as to make the
meter read normally on v.h.f. signals.
Where reception of wide-band FM or unstable
signals of modulated oscillators is desired aconverter may be used ahead of an FM broadcast
receiver. A superregenerative detector operating
at the intermediate frequency, with or without
additional i.f. amplifier stages, also may serve as
an i.f. and detector system for reception of wideband signals. By using ahigh i.f. ( 10 to 30 Mc. or
so) and by resistive loading of the i.f. transformers, almost any desired degree of bandwidth
can be secured, providing good voice quality on
all but the most unstable signals. Any of these
methods may be used for reception in the microwave region, where stabilized transmission is extremely difficult at the current state of the art.

•THE SUPERREGENERATIVE
RECEIVER

The simplest type of v.h.f. receiver is the
superregenerator. It affords fair sensithity with
few tubes and elementary circuits, but its weaknesses, listed earlier, have relegated it ta applications where small size and low power consumption
are important conqiderations.

I.F. AMPLIFIER

Superheterodyne receivers for 50 Mc. and
up should have fairly high intermediate frequencies, to reduce both oscillator pulling and
image response. Approximately 10 percent of
the signal frequency is commonly used, with
10.7 Mc. being set up as the standard i.f. for
commercially-built f.m. receivers. This particular frequency has a disadvantage for
50- Mc, work, in that it makes the receiver
subject to image response from 28- Mc, signals,
if the oscillator is on the low side of the signal
frequency. A spot around 7 Mc. is favored for
amateur converter service, as practically all
communications receivers are capable of tuning this range.
For selectivity with a reasonable number of
i.f. stages, double conversion is usually employed in complete receivers for the v.h.f.
range. A 7- Mc, intermediate frequency, for
instance, is changed to 455 kc., by the addition
of asecond mixer-oscillator. This procedure is,
of course, inherent in the use of a v.h.f. converter ahead of a communications receiver.
If the receiver so used is lacking in sensitivity, the over-all gain of the converter-receiver
combination may be inadequate. This can be
corrected by building an i.f. amplifier stage
into the converter itself. Such astage is useful
even when the gain of the system is adequate
without it, as the gain control can be used to

Fig. 16-7 — Super.
regenerative detector circuit using a
self-quenched detector. L2Ca tunes to
the signal frequency.
Typical values for
other components
are:

•
+6
— 47 µdd.
— 0.00100 0.005 µdd.
RI— 2to 10 megohms.
Ra — 50,000-ohm potentiometer.
1{3 — 47,000 ohms, 1watt.
RFC — Single-layer r.f. choke, for frequency involved.
Ti — Interstage audio transformer.
C2

Ca

Its sensitivity results from the use of an alternating quenching voltage, usually in the range
between 20 and 200 kc., to interrupt the normal
oscillation of a regenerative detector. The regeneration can thus be increased far beyond the
amount usable in astraight regenerative circuit.
The detector itself can be made to furnish the
quenching voltage, or a separate oscillator tube
can be used. Regeneration is usually controlled
by varying the plate voltage in triode detectors,
or the screen voltage in the case of pentodes. A
typical circuit is shown in Fig. 16-7.
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Crystal-Controlled Converters for 2, 6 and 10 Meters
The family of converters shown in Fig. 16-8
through 16-1:5 was designed to provide optimum performance on 28, 50 and 144 Mc. Crystal- controlled oscillators are used, to insure
stability, and the triode r.f. sections provide
excellent sensitivity and low noise figure. A
separate " front end" for each band is plugged
into a base unit containing the power supply,
i.f. amplifier stage, and other parts that are
not changed in shifting from one band to
another.
The R. F. Circuits
The cascode circuit is used in the r.f. amplifiers of the converters for 28 and 50 Mc. A
triode- connected 6AK5 with inductive neutralization works into a 6J6 grounded-grid
amplifier. Circuits for the two units are similar, only the components affecting frequency
being different. The functions of crystal-controlled oscillator and mixer are combined in a
6J6. The mixer plate coil is included in the
plug-in unit. The schematic diagram is given
in Fig. 16-9.
The 144- Mc. converter, Figs. 16-11 and
16-12, uses pushpull circuits, with a neutralized 6J6 r.f. amplifier and another 6J6 as a
push- push mixer. Oscillator injection is provided by another 6J6 as crystal oscillator and
multiplier. If acoaxial- line fed antenna system
is used on 144 Mc. the builder may wish to use
the cascode circuit on this band as well. There
is little to choose from between the two circuits, except that the push-pull arrangement is
better adapted te use with balanced line.
An improved version for 220 and 144 Mc., using a6I3Q7 dual triode, atype of tube not available when the first models were designed, is shown
in Figs. 16-16, 16-17 and 16-18.
When a fixed oscillator and variable if. are
used, the r.f. and i.f. circuits in the converter
must be made broadband, to avoid the need
for readjust ing them as the receiver with which

the converter is used is tuned across the band.
This broadbanding is accomplished in the converters for 28 and 50 Mc. by using slug- tuned
plate coils in the first r.f. and mixer plate circuits. These are resonated by the circuit capacitance only, and are relatively low Q design. Coupling between the second r.f. and
mixer stages employs over- coupled tuned circuits. These serve the additional purpose of
providing a band-pass response, preventing
interference from signals in the i.f. range. The
144- Mc, converter uses closely- coupled circuits
between the r.f. and mixer stages for the same

TABLE I
Crystal-Controlled Converter Data
Band
(31c.)
28
50
141
220

Crystal
(tie.)
7000
8600
6850
7611
7100

Overtone
3rd
5th
5th X 4
3rd X 6
3rd X 10

Inject
(l.çon
i
(il
e.)
21
7-8.7
43
7 — 11
137
7 — 11
137
7 — 11
213
— 12

purposes. The mixer plate coil is loaded by
resistor, R4, for further broadening of the
overall response.
Crystal Oscillator Details
Crystal frequencies were selected so that the
four bands would start at the same spot on the
communications receiver dial, and so that the
crystals would he readily obtainable. Relatively
low-cost crystals are used in a regenerative
triode oscillator circuit, working at an odd
overtone of the crystal frequenn.. In the 28Mc. unit a 70004:c. crystal oscillates on its
third overtone. Fifth-overtone operation of an
8600-kc. crystal furnishes the injection voltage
in the 50-Mc. converter. A 6850-kc. crystal

•
Fig. 16-8 — Crystal.
controlled converters
for 28. 50 and 144 Mc.
At the left the 50- Mc.
unit is seen mounted
on the base. The latter includes an i.f.
amplifier and power
supply. The 28- Mc.
converter (center) is
similar mechanically
and electrically to the
50- Mc. one. At the
right is the 144- Mc.
plug-in unit.

•
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MIXER-OSCILLATOR

R. F. AMP

280,5011c.
Ce rs
'.‘

•
C
IS

2Ior 43 Mt

1
-5

2 eje
28 or
SO At

JI

R3
1NVVY

To
Arnp

100 Mc
Alternats, Input
cuttnt for 50 Mc.
(See teat)

63 V. AC..
—105 V.

Fig. 16-9 — Schematic diagram of the crystal-controlled converters for
28 and 50 Mc. Unless otherwise indicated, parts are the same for both units.
Ci — 15- pfd. variable ( Millen 20015).
C2, C3, C7, C12, CI3 — 0.005-pfd. disc ceramic,
C4, Cs, CIO — 50- 55 1d. ceramic.
C4I — 500.µ 411A. ceramic.
Ca, C9 — 5-20-gpfd. ceramic trimmer,
Cit — 50 Mc.: 50-me1d, air trimmer ( Millen 26050).
28 Mr.: 75- gg fd. air trimmer ( Millen 26075).
111, 112 — 100 ohms, % watt,
R3, R4, Re, Rs — 1000 ohnis, % watt.
113 — 0.68 megohm, % watt,
R7 — 3300 ohms, 1watt.
Li — 4 turns No. 28 e. between turns of Li at cold end.
L2— 50 Mc.: 10 turns No. 20 tinned, 3/2inch diam.,
,;,¡ inch long ( B & M Miniductor 3003). 28 Mr.:
14 turns No. 20 tinned, :5
/s"- inch diam., 3%- inch
long ( B & W Miniductor 3007).
L3— 50 Mc.: 25 turns No. 32 e., close-wound on CTC
LSM form (%-inch diam., slug-tuned). 28 Mc.:
CTC LS3 10- Mc, coil, slug-tuned.
Ls— SO Mc.: Slug- tuned plate coil CTC LS3 30 Mc.

28 Mr.: CTC LSM 10-Mc, coil with 4 turns removed, slug-tuned.
La, Ls — 50 Mc.: 8 turns No. 18 tinned, 5
/8inch diam.,
1 inch long ( B & W Miniductor 30061, % inch
space between cold ends. 28 Me.: 9 turns No. 24
tinned, 3.4-inch diam., 9/32 inch long ( B & W
Miniductor 3004), 3/16 inch space between
cold ends.
L7 — 50 Mc.: 10 turns No. 20 tinned, tapped 3% turns
from crystal end ( B & W Miniductor 3003),
3/2inch diam., % inch long. 28 Mc.: 10 turne
No. 20 tinned, %- inch diam., ,54j inch long,
tapped 3% turns from crystal end (B & W
Miniductor 3007).
Ls-CTC LS3 5-Me, coil with 7 turns removed.
LT, CT— F.m. trap. 7 turns No. 20 tinned, 3.4- inch
diam., % inch long ( B & W Miniductor 3003),
tuned with 5-20-gpfd. ceramic trimmer.
Ji — Crystal socket for antenna terminals.
Pi — 4- prong male plug.

oscillates on its fifth overtone in the 144- Mc.
converter, multiplying by four in the second
6J6 triode section. Table 16-I gives complete
information for all models.
Operation of crystals in this way results in a
frequency that may not be an exact multiple
of the frequency marked on the crystal holder;
hence the term, " overtone." It is close enough
for ordinary dial calibration purposes, however. Overtone- type crystals of the proper frequency could be obtained on order, but the
cost would be materially higher. Conventional
operation of lower- frequency crystals, making
up the multiplication with additional stages, is

not recommended, because of the difficulty in
avoiding birdies from crystal harmonics. In
the overtone circuit, no frequency lower than
the overtone at which the crystal oscillates is
heard.

Fig. 16- 10— Bottom view of the 28- Mc.
plug-in unit. At the left is the tuned input
circuit, followed by the 6AK5 r.f. stage, with
its slug- tuned plate and neutralizing windings. At the middle of the chassis is the 6J6
grounded-grid stage, with its bandpass coupling to the mixer grid. Oscillator components
are at the upper right. Parts arrangement in
the 50- Mc. converter is similar,

Layout

The units are built on aluminum chassis of
stock sizes. The base is 3 by 5 by 13 inches
(ICA 29003), and the r.f. units are 1 1 :¡ by 5by
934 inches ( ICA 29001). The only metal work
required is the making of small aluminum
guide plates for the front and rear of the converter chassis, and the mounting bracket for
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Fig. 16-11 — Bottom view of the 144- Mc.
converter. Across the top of the photo, left
to right, are the input circuit, the push-pull
r.f. stage, the push-push mixer, and its slug.
tuned plate circuit. Oscillator and multiplier
components are at the bottom of the picture.

the inter- connecting socket at the rear of the
hase unit. Ventilation holes are cut in the sides
of the base unit, and two 1stinch holes are cut
in the top surface of this chassis to provide
greater clearance around the major coils of the
r.f. assemblies, when they are in the operating
position. The placing of the power supply and
if. amplifier components on the base unit is not
critical, though the arrangement shown in the
photographs works out nicely from amechani144 Mc.

cal standpoint. Chief consideration
here is to avoid mounting parts on the
outside walls of the units, thereby preserving to the fullest degree the deepbut-narrow form factor. This shape
takes up a minimum of high-priority
space on the operating table.
Care should be used in mounting the socket
and plug on the base unit and converters, respectively, in order that they may line up exactly. When the job is properly done it is merely
necessary to place thé converter unit on the
base, with the front edge tilted upward slightly,
slide the plug into the socket, and then drop
the converter in place. The converter assemblies should be kept free of parts in the portion

R.F. AMP

7lo II AA,

OSCILLATOR- MULT.

Fig. 16-12 —
¡
ring diagram of the lti-Me. t..-tal-coritrolled con, crier.
Cs — 5.3- pfd.-per-section
butterfly (Johnson
ter tap, with %-ineh spacing between sections.
5MB11).
diam. Adjust turn spacing as needed.
C2, Cs, Ca, Cs, Cio, C14 — 0.005- 51d. disc ceramic.
— 5turn- No. 18 enam.,
diam., close-wound
Ca, C4 — 75-ohm Twin- Lead neut. capacitors (
see text).
and center-tapped.
Cs — 50-µpfd. ceramic.
La, L6 — 1 turn hook-up wire wound around La and Lo:
C11 — 50-ppfd. air trimmer ( illen 26050).
75.ohm Twin- Lead used to connect between the
Ci2 — 100-gpfd. ceramic.
two coils.
C13 — 5-20-mpfd. ceramic trimmer.
L6 — Slug- tuned plate coil ( CTC LS3 5- Mc. coil with
RI, 113 — 150 ohms, 34 watt.
20 turns removed).
Ri, Ri, R7, 116 — 1000 ohms, 34 watt.
L7 — 11 turns No. 20 tinned, .1
/¡-inch diam., 11/16 inch
114 — 2200 ohms, 34 watt.
long, tapped 4 turns from crystal end of coil
R6 — 0.22 megohm, 34 watt.
(B & W 3003).
Ra — 3300 ohms, 1watt.
— 3turns No. 18 tinned, ;-inch diam., 34 inch long
— 4 turns, No. 18 enam., 5/16-inch diam., 51., inch
(B & W 3002).
long.
Ji — Crystal socket for antenna terminal.
La, L3 — 6turns No. 18 enam., 3turns each side of cenPj — 4-prong male plug.
Q,
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16.13— Base unit, with converter removed, showing the plug-in fitting for the
mixer output and power connections. The
6BA6 i.f. amplifier stage is at the lower right.

that is over the rectifier tube socket, in
order that no components be damaged in
the plugging-in operation.
Looking at the converters for 28 and
50 Mc. from the front we see the tuning
condenser for the r.f. input circuit,
followed by the 6AK5 and 6J6 r.f. stages and
the 6J6 mixer-oscillator, in that order. The
6AK5 plate coil, the neutralizing coil, and the
mixer plate coil are slug-tuned resonating with
the circuit capacitances only. Condenser-tuned
circuits are used in the r.f. input, second r.f.
plate, and mixer grid circuits. The difference
in position of the r.f. tuning condenser, Ct ,in
the two converters is the result of an improved
parts arrangement used in the 28- Mc. job.
Mounting of this condenser on the front wall
of the converter chassis is recommended for
both units.
Note the alternative input circuit for the
50- Mc. converter, shown in Fig. 16-9. This
includes a 100- Mc, trap for elimination of f.m.
interference. If the converter is to be used in a
location near to f.m. broadcast stations this
trap is necessary to prevent the second harmonic of the injection frequency from beating
with the f.m. signals and producing spurious
responses in the 50- Mc. band.

In the 2- meter converter the r.f. and mixer
tubes are in line at the right side of the chassis,
as viewed from the front, with tile oscillatormultiplier at the left. This layout makes for
symmetrical arrangement of the pu h- pull circuits. All the r.f. coils are self-sup )orting, so
that their length and coupling can Ieadjusted
readily. Link coupling of the inject on voltage
is accomplished with single- turn c ils around
the multiplier- plate and mixer- grid windings,
connected by a short length of 75- ) hm TwinLead.
Adjustment and Operatl_m
Work on the r.f. section: i› made easier if a
patch cord is made up so that t e r.f. units
can be removed from the base ad kept in
operating condition. The only cri cal portion
of the adjustment procedure is tint involved
in getting the crystal oscillator to work properly, and on the right overtone. The important factor here is the amount of n generation,

Fig. 16.14— Wiring- diagram of the power supply and i.f.
amplifier unit for use with the crystal-controlled converters.
L2 — Slug-tuned plate coil (CTC LS3 5Mc. with 10
CI, C2 — 10-gfd. 450- volt electrolytic.
turns removed).
CS, C4, CS— 0.005-gfd. disc ceramic.
RI— 2500 ohms, 10 watts.
14— 15 turns No. 32 enam., scramkle-wound at bottom
R2 — 1megohm, 32 watt.
end of L2.
113 — 10,000.01m1 wire-wound potentiometer.
Ji — 4-prong female plug.
R4 — 68 ohms,
watt.
J2 — Coaxial-cable jack.
Rs — 56,000 ohms, 2watts.
St — S.p.s.t. toggle switch.
116 — 39,000 Ohms, 1watt.
Ti — Power transformer, 275 v. each side c.t. at 50 ma.;
R7 — 2200 ohms, i¡.watt.
6.3 v. at 2.5 amp.; 5v. at 2amp. (Thordarson
Ra — 1000 ohms,
watt.
T-22R30).
1.4 — 10-hy. 50-ma, filter choke.
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controlled by the position of the tap on the
crystal oscillator in the transmitter, using the
oscillator coil, L7. The process is the same for
proper harmonic.
all three converters, but the tap position may
Neutralizing is next in order. This should be
be somewhat more critical in the 50- and 144done following the procedure outlined in the
Mc. units, as a higher- order overtone is used.
section on r.f. amplifier design earlier in this
The proper position for the tap is that at
chapter.
which oscillation takes place only at the third
Final adjustment of the converters may now
or fifth overtone, as the converter requires.
be made. Peak all circuits in the 10- and 6If the tap is too high on the coil oscillation will
meter converters at one end of the band,
be on random frequencies, determined by the
then move the receiver to the other end of the
setting of Cu, rather than controlled by the
band and la Teak either the mixer or i.f, amplicrystal. If the tap is too low on the coil no oscilfier plate winding for maximum response. Relation at all will develop. The L/C ratio in the
ceiver noise is satisfactory for this test. If the
tuned circuit is also fairly critical, for best
response is not sufficiently broad, correction
operation, but if the values given in the parts
can be made with the bandpass circuits in the
lists are followed no trouble should be ensecond r. f. plat‘ and mixer grid circuits, stagcountered on this score.
ger tuning these and the i.f. coils until reasonTo check operation of the eseilla tor insert a ably flat response is attained. All this is best
meter in series with R8, apply plate voltage,
done with a300-ohm resistor connected across
and rot at e
until asharp dip in plate current
the antenna terminals, to eliminate antenna
occurs, indicating oscillation. There may be a resonance effects. If the response is fiat with
tendency to self-oscillation at the minimumthis set-up, variation in noise over the band
capacity end of the tuning range, but this may
with the antenna on may be disreganled, since
be disregarded if it disappears quickly as the
it is afunet ion of the antenna itself. Absolutely
coruhtnser is ttuned toward maximum capacit y.
flat response is not important, for tlw overall
Crystal oscillation should occur somertitere begain of the system can be adjusted liy means of
tween half and maximum capacity. It is helpful
the i.f. gain control. It should be set so that,
if aretativer is available for listening on the frewith the antenna connected, the normal noise
quency of oscillation ( inilicated over L7 in the
level just starts to read on the meter. Turning
diagrams) to see whether or not the crystal is
the gain beyond the point at whieh noise becontrolling the frequency. If the frequency
comes a limiting factor effects no improvechanges markeilly or if prommneed handment hi signal readability.
capacity effects are present, move the tap
The flatness of response in all converters can
toward the low end of L7 by one turn and try
be varied by adjusting the r.f.-mixer coupling.
again. A fraction of a turn change may be
In the 2- meter unit the coupling between L3
necessary in some instances, to achieve crystal
and L4 should be increased to the point where
control without random oscillation. It is also
it is unnecessary to change the setting of C5 to
possible that the wrong overtone may develop.
cover the entire band. There will be a slight
With incorrect values of inductance and
amount of repeaking of C1 necessary in all concapacity this type of circuit may produce oscilverters, though it should not make more than
lation on any odd overtone, so a wavemeter or
about one 8- unit difference from one end of the
receiver check should be made to be certain
band to the other, and it will have a negligible
that the proper injection frequency is being
effect on the noise figure.
used.
The converters are now ready for use, but
Next arough alignment of the r. f. and if. cirsome work on the receiver may be needed. A
cuits should be made. Titis can be dime on noise,
few communications receivers radiate harmonics
wit h the receiver set at the approximate midof the high- frequency oscillator frequency, and
point of the frequency range to lie t
tined, or if
these will show up as birdies throughout the
one has asignal generator the process is made
vhf, range. The cure is similar to that employed
easier. This need be nothing more than the
in treating transmitters for TVI.

Fig. 1645 — Under-chassis view of the hase
unit, showing the power supply and i.f.
amplifier components. ' I'he circular cutouts
provide additional clearance around the
tuned circuits in the plug-in unit.
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A Crystal-Controlled Converter for 220 or 144 Mc.
The converter of Figs. 16-16-16-18 uses an
Improved dual triode, the 613Q7, designed especially for v.h.f. r.f, amplifier service. The circuit is asimplified version of the c.
ale, giving

e

Fig. 16-16 — The 61SQ7 ervstal-eontrolled min trier for
220 or IR Mc. is shown here mounted on the base unit
previously described. The tilitf: is the large tube at
the f . At the left, behind the
slid, is the 6,16
oscillator-multiplier. The other 6.11,. right. is acombined
mixer and injection frequency doubler. \ ii ethe plug-in
lead for taking off the high voltage for the 6BQ7.

improved performance on the higher frequencies.
Parts values are given for operation on either
220 or 144 Mc. Only the coils and the crystal
frequency are different for the two bands. The
mechanical layout is such that the converter
may be used with the i.f, amplifier base unit of
Figs. 16-13 - 16-15, by slight modification of the
base power supply. In performance the converter

Fig. 16-17 — Bottom
view of the 614)7 converter with 220- Mc, coils
installed. At the upper
left is the antenna trimmer. The large coil near
the center of the chassis
contains the overtone
oscillator
inductances,
145 and /A. The two multiplier tuned circuits are
visible at the lower
right, with the slugtuned mixer plate coil
at the upper right.

is similar to the 6J6 model on 144 Mc., but on 220
Mc. it is considerably better than is possible
with the circuits and tubes of the earlier models.
A third-overtone oscillator is used for either
band, the crystal frequency being 7100 kc. for
220- Mc, operation and 7611 ke. for 144 Mc, One
half of a6.16 is the crystal oscillator, the second
half tripling to 68.5 Mc. in t
he 144- Me, steup, or
quintupling to 100.5 for 220 Me. A second 6.16
is a combined doubler and mixer, the injection
frequency being 137 or 213 Mc. (See Table I.)
Adjustment of overtone oscillators is described
in detail in the chapter on vhf, trinsmitters.
A separate feedback winding is used in the
oscillator, instead of a tapped coil as in the
other converters described. The amount of feedback being not particularly critical in this case,
the two coils, L6 and 1, 6,were made from asingle
piece of B & W Miniductor. If a change in feedback is needed, the two portions can be separated
for adjustment purposes. Provision for maintaining the coupling between the two exactly should
be made if this is done.
No injection coupling, other than that through
the tube itself and that inherent in the associated
eircuits, is shown. Additional coupling was not
needed for 144 Mc., lait it was found desirable to
add a small capacitance between pins 2 and 6
of the 6.16 doubler- mixer for 220 Me. About
one inch of 75-ohm Twinlea,d was used for this
purpose. A piece of insulated wire soldered to
Pin 6and wrapped around the lead to Pin 2will
serve equally well. The capacitance should be
increased until adding more makes no improvement in sensitivity, but probably not more than
2mafd. will be needed.
Note that the two portions of the 6BQ7 are in
series as far as the plate voltage is concerned. This
requires ahigher plate supply voltage than is oh-
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Fig. 16-18 — Schematic diagram and parts list for the 6BQ7 converter for 220 or 144 Mc.
— 5-20 mad. ceramic trimmer ( Centralab
La — 220 Mc. — 3% turns V
iinch diam.,
inch long,
tapped at
turns from Cs end.
—
5-50 gpfd. ceramic trimmer (Centralah 822-AN).
— 141 Mc. — 5 turns 3
/8inch diam.,
inch long,
C, Cg, CC, Co, CH, C12, C14, C16 — 0.001-ufd. disk
tapped at 13.¡ turns from Cs end.
ceramic.
1.4—
44
turns
No.
30
enam.,
close-wound
on
'Si-inch
C7, Cg — 2-mpfd. ceramic.
— l0- pfd. ceramic.
diam. slug-tuned form.
Cig, C15, C17 — 50- pfd. ceramic.
1.5, 1.6 — Made from one piece of 11 & W Miniductor
RI — 100 ohms.
No. 3003, 17 turns total. Cut at 5 turns for Lg;
112 — 470,000 ohms.
balance for Ln.
R3, R4, Rs, R9 R12 — 1000 ohms.
L7 — 220 Mc. — 6 turns 5%-inch diam., .4
4 inch long.
.
Rs — 0.68 megohm.
— 141 Mc. — 8 turns 5%-inch diam.,
inch long.
Re — 0.22 megohm.
Ls — 220 Mc. — 2 turns 34-inch diam., spaced % inch.
R7 — 2200 ohms.
—
I
L
I
Mc.
—
3
turns
5%-inch
diam.,
,kf
inch
long.
Rio — 3300 ohms.
All coils No. 18 enameled wire unless otherwise noted.
Ri, — 47,000 ohms.
All resistors j¡-watt.
RFC', 11FC2 — 5turns each No. 22 enam., close-wound
Li — 220 Mc. — 1 turn %-inch diam., closely coupled
side-by-side ( bi-filar) on 3/16-inch diameter.
to L2.
Cement turns together with coil dope.
—144 Me. — 2 turns as aim), e.
Pi - 4-prong plug (Amphenol 86-CP4).
L2 — 220 Me. — 2 turns 3
/8inch diam., spaced diam.
P2 — Test-lead type plug. Matching fitting must be
of wire.
added to power supply, or Pi and matching
— 144 Mc. — 5 turns 5%-inch diam., N inch long.
fitting changed to 5-prong.
C1,

C2,

Ca

%

tamed through the regulator system (Pin 2of the
power plug) so achange in the base unit must be
made to permit tapping into the high-voltage
line. An insulated pin jack is installed in the base
unit, connecting it to the junction of R5 and Rg
in Fig. 16-14. Connection to the converter is
made by means of P2, atest-lead type plug on the
end of aflexible lead. Another pin jack is mounted
on the converter chassis to hold this plug when
the converter is not in use.
Except for the setting of C1,all adjustments of
the r.f. stages are extremely broad. A variable
trimmer may be tried in place of C8,but in this
unit it was not found necessary to change the
value for 220 or 144 Mc. The bi-filar-wound
chokes in the heater leads are dâigned to be
self-resonant at approximately the highest frequency for which the converter will be used.
There is no particular advantage in changing
them for 144-Mc, work, though if the converter

is to be used solely on 144 Mc. they may be about
two turns larger than given in the parts list.
For best results, the inductance of the antenna
coil should be as low as possible and still resonate
at the signal frequency with adjustment of C1.
The setting of C1should be done with the antenna
attached, as astanding wave on the feedline will
require a change of tuning. For first tests a 300ohm resistor across the antenna terminals may
be used. C1 will tune sharply, but once set
properly for the middle of the band it need not
be changed in tuning across the band.
Resonance at the middle of the band in L2 and
L3 may be checked with agrid dip meter, if one
is available, or the turns may be spaced for maximum response on a test signal. Only a slight
change in signal will be observed with large
changes in inductance, so the converter should
be capable of good reception before any adjustment is made, other than the setting of C1.
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A Tunable Low-Noise Converter for 144 Mc.
The 2- meter converter shown in Figs. 16-19
to 16-22 was designed for superior weak-signal
performance, yet it is relatively simple and
inexpensive to build. Its r.f. section has a
low noise figure, and special attention has
been paid to oscillator design, for smooth
tuning and improved stability. Its built-in
i.f, amplifier stage, the gain of which is adjustable, permits use of the converter with receivers of widely-different performance characteristics.
Two r.f. stages are used, employing the cascode circuit treated earlier in this chapter. The
mixer and oscillator are 6AB4 triodes. These
functions could be combined in a single 12AT7
if desired, but separate triodes were used to
permit more flexible adjustment of the oscillator injection. The mixer is followed by a
6AG5 i.f. amplifier, gain controlled by means
of a potentiometer in its cathode circuit. The
intermediate frequency is 7.4 Mc., selected
because of its availability in most communications receivers, but 10.7 Mc., or any other
desirable frequency, may be used, if the i.f. circuits are suitably altered.
The Oscillator
A high degree of receiver selectivity can be
utilized effectively at 144 Mc. only if astable
and smooth-tuning oscillator is used in the
converter. Mechanical vibration is reduced in
this model through the use of atank inductance
made of Xrinch copper tubing, soldered directly to the stators of the tuning condenser, as may be seen in the rear view, Fig.
16-22.
The oscillator condenser is a type designed
specifically for v.h.f. service. It has ball bearings
at both ends of its rotor and ceramic end plates of
heavy stock. Brackets for mounting the oscillator
tube socket are an integral part of the condenser assembly. A smooth-operating dial assembly is made by substituting a large knob
(National HRK or HRT) for the small one

Fig. 16-19 — The cascode converter
for 144 Mc. The dial calibration was
made by drawing on heavy white
paper, which is then fastened to the
dial surface with rubber cement.

normally supplied with the National type K
dial.
The oscillator circuit is one which provides
constant output over the necessary tuning
range, and the stage is run at low input, with
light loading. The quality of the c.w. mote thus
obtained is adequate for reception oi 2- meter
c.w. signals, and the absence of hum modulation makes for good weak-signal reception of
modulated signals. Oscillator injection is controlled by means of the link loops, L10 and
L11.
The R.F. and I.F. Stages
Though the col. erter has more tubes than
the simplest unit', it is not difficult to build or
adjust. All circuits except the oscillator and
the r.f. input circuit are slug-tuned, and only
the oscillator is varied in tuning across the
band. All stages may be peaked readily without
asignal generator. The r.f. input circuit, Lry, is
condenser-tuned, and it is important that a
high-Q coil be used for best performance. The
loading effect of the antenna is such that ei
may be set for maximum signal at 146 Mc.,
and little difference in response will be noted
at either end of the band.
The mixer and i.f. amplifier plate coils,
L6 and L7-8, must be shielded, and coaxial
line should be used for coupling the converter
to the receiver, otherwise there may be annoying pick-up of signals at the intermediate
frequency.
Construction
The position of components is not critical,
and other arrangements may be dosirable if
the parts used are not duplicates of the original.
In this instance an " L"-shaped layout is used,
with the antenna terminals and r.1. stage at
the right rear corner of the chassis and the
second r.f., mixer, and i.f. amplifier stages
running along the back and left sides in that
order. The oscillator assembly is at the right
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Fig. 16-20 — Schematic diagram of the 2- meter cascode converter.
1113 — 2500 ohms, 10 watts.
1115 - 15,000 ohms.
1.1 - 2 turns No. 18 enamel, 34- inch diameter, between
turns of L.
L2 — 2 turns No. II tinned, 3¡- inch diameter,
inch
between turns.
— 10 turns No. 24 enamel on q-inelt diameter slug.
tuned form ( CTC).
Li, Is — 3 turns No. 21 enamel on 14inch diameter
slug-tuned form (C:11:). uinding ,14. inch long.
1.6, 1.7 - No. 21 d.s.c.-wire close-wound to fill winding
space on National X11-50 form.
Ls — 5 turns No. 21 d.s.c. over cold end of L7.
Ls — Hairpin-shaped loop, 3(3inch copper tubing,
inch wide. Total length before soldering: 132
inches. Extends 13 inches beyond tuning-condenser stators. (See Fig. 12-9.)
Lis, 1.11 — Hairpin loops for coupling oscillator to
mixer. See text and photographs.
h. — Coaxial connector.

C1 — 8-mgfd. variable (Johnson 160-101).
C2, C3„ C7 — 470-aafd. but ton.tvpe by-pass.
C4, Cs, Cs, CI3, C IA — 17-aard. Ceramic.
C5 — 470-add. Mira.
CO— 100-mafd. ceramic.
Cis, CII, Cu, Cut — 0.001- 51d. mica. ( Cu and CI4 are
inside the i.f. shields.)
Cis —
stand-off type bypass.
CI
6
6.75- gm fd. stator-to-stator variable ( National
VHF 1-0).
CI7
3-30- 55 1d. air padder
ilser (i1.9).
Iii, 113, 1114 — 100 ohm-). \ II re.istors q- watt unless
otherwise specified.
112, WI, Rs, 1(12 — 1000 011111S.
Hs — 0.68 megohm.
117 — 1megohm.
Bs — 220 ohms.
119 — 2000-ohm wire-wound potentiometer.
Rio — 22,000 ohms, 1watt.
Rn — 33,000 ohms.

front corner. It should be placed so that the
flexible coupling does not touch the front
panel. The chassis is aluminum, 7 by 7 by 2
inches, and the sheet aluminum panel measures 5% by 8 inches. Note that aluminum
braces are used to prevent panel vibration.
These were found necessary for best oscillator
stability.
The method of coupling the output of the
oscillator to the mixer may be seen in the bottom and rear views, Figs. 16-21 and 16-22. A
coupling loop is mounted on the two outside
lugs of a 3-lug tie- point strip directly below
the oscillator inductance. This loop is connected through 75-ohm Twin- Lead to a loop
around the r.f. plate coil, L5. The center lug
on the strip is used for mounting the oscillator
decoupling resistor, R14, which also serves as a
third support point for the oscillator tank
inductance. The size of the coupling loops,
L10 and Ln, will depend on the amount of
oscillator injection needed, but the degree of
coupling will be small. L10 is a semicircular
loop of No. 18 wire, 3% inch across, about onehalf inch below L6. L11 is a circular loop

concentric with L5. It is visible ill the lefthand corner of the bottom- view photograph,
Fig. 16-21.
In mounting the oscillator tube socket the
plate lug, pin No. 1, is soldered directly to the
tuning- condenser stator. Pin No. 6 is connected to the other stator through the short
length of the grid condenser, C18. All other
socket pins except the heater, No. 4, are
connected together and grounded.
Adjustment
The first step in placing the converter in
service is to set the oscillator for the proper
frequency range, 136.6 to 140.6 Mc. for a
7.4- Mc. i.f. This may be done with a calibrated absorption-type frequency meter, or by
listening to the oscillator on a calibrated receiver. Next the converter should be connected to the receiver with which it is to be
used, and the i.f. adjustments ( cores in L6 and
L7) peaked for maximum noise. Next the
slugs in L4 and L5 should be peaked for maximum noise, either tube noise or that from some
external source, such as an electric razor or
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over-all gain is adequate. The gain control also
serves as a convenient means of setting up the
S-meter reading, if the receiver is so equipped.
Coupling between the oscillator and mixer
is not critical. The tighter the coupling the
more the mixer output, within certain limits,
but when an i.f. amplifier is used the highest
possible mixer output is not required. The
best setting of the coupling loop, /- 10, is the
minimum coupling required to give satisfactory response. Somewhat tighter coupling
than the minimum required will have very
little effect on the over-all performance, except
to increase the pulling of the oscillator frequency as the second r.f. plate circuit is tuned.
Very tight coupling will have an adverse
effect on the signal-to-noise ratio and uniformity of response across the band.
A Simpler Version

hj-21 -BOti0111

slits

cif

Ow 2-Inricr 1-cilc,rtur.

a noise generator. This should be done with
the converter set for approximately 146 Mc.
The r.f. input circuit may be peaked on noise
or a signal by adjusting Ch squeezing or
spreading the turns of L2 until the opt imum
setting occurs near niinimum capacity. This
adjustment should be made with the aatenna
connected.
Tuning of the slugs will be rather broad, so
precise adjustment is not necessary. The slug
in the neutralizing coil, L2, may be set at
approximately the midpoint of its travel,
unless a noise generator is availalde, in which
case it should be set for minimum noise figure.
A noise generator will be helpful in determining the best position for Li wit h respect to
1, 2 also, but if none is available the coupling
should be set somewhat tighter than
that giving the maximum signal respnnse.
Tin, best position for the converter
gain control will dopentl upon the
sensitivity of the receiver with which
the converter is to be used. With better-grade receivers it will he possible
ta operate the gain control well below
the maximum setting. The optimum
will be the minimum at which the

Fig. 16-22 — Rear view of the 2- meter converter. At the left side, near the panel, is
the oscillator assembly. The r.f. stages,
mixer, and i.f. amplifier are arranged in
formation across the hack and right sities of
the chassis, with the voltage-regulator tube
in the middle.

If the builder desires the converter may be
built in easy stages. In its simplest form it
would consist only of the two 6AB4 stages,
the mixer and oscillator. In this cage the coil
and condenser circuit, CiL2, would be substituted for the slug- tuned mixer coil, L5,
and the i.f. output would be taken off from the
mixer plate coil, Le. The i.f. amplifier stage
should be added next, as it is quite essential
to satisfactory operation. The addition of the
r.f. stages provides afurther improvement, particularly in signal-to-noise ratio in reception of
weak signals.
The complete converter, as it is shown here,
is the minimum that will provide performance
sufficiently good to satisfy the discriminating
v.h.f. worker, but the matt who wishes to build
something simpler as a start will be able to obtain reception of all but the weakest signals
with the two- or three- tube version.

380

CHAPTER 16
A Simple Converter for 50 and 144 Mc.

Though the more complex equipment already described is typical of the gear that must
be used in order to attain top performance on
the v.h.f. bands, it is possible to start with
simpler devices and still do a good job. The
converter shown in Figs. 16-23 through 16-26
provides the best performance that can be expected from simple equipment. It was not built
to be the simplest possible receiving device;
rather, it was designed to provide good results
with a minimum of complication and cost.
It uses a dual triode, 6J6, as a combined
mixer-oscillator, followed by a6AK5 i.f. amplifier. The latter is necessary; do not try to do
without it. The output of a triode mixer is too
low to give adequate gain for most receivers.
The i.f. amplifier stage makes the converter
usable with even the simplest receivers, and
provides aconvenient means of controlling the
overall gain of the system. Plug-in coils with a
miniature- tube type of base provide the means
of changing bands.
Mechanical Details
Though it could be built in a much smaller
space, the converter uses a 3 by 5 by 10- inch
chassis, allowing plenty of room for the work
that must be done underside. The main tuning
condenser is a split-stator variable made from
a double-bearing double-spaced 35-aafd. type.
The stator bars are sawed at the middle and
each section is reduced to four stator and three
rotor plates. This unit is mounted under the
chassis, as close to the top plate as possible, to
make room for the vernier dial on the front panel.
To provide shielding without the necessity for
individual shield cans, the mixer and i.f. plate
coils, L4 and L5, are mounted under the chassis.
Normally this will provide all the shielding necessary for the i.f. circuits. If trouble is experienced
with signals on the intermediate frequency a
bottom plate may be added to the chassis.
A smooth-running dial on the oscillator tuning

is a necessity in a v.h.f. converter. The frictiondrive dial used ( National Type K) is relatively
inexpensive, and if alarge knob is substituted for
the small one with which the dial is equipped, it
provides avery satisfactory tuning rate.
The circuit is so simple that no trouble
should be experienced if the general parts
arrangement is followed. Look over the photographs closely before starting to lay out the
chassis for drilling. In the rear view, Fig. 16-24,
the oscillator coil, the 6J6 tube, and the mixer
grid coil, Li- L2, appear in that order, from left
to right, close to the panel. The 6AK5 tube is
nearer the back, with the slug adjustment
screws of the mixer plate coil, L4, and the i.f.
plate coils, L5- L6, at the left and right, respectively. Looking at the bottom view, Fig. 16-26,
the oscillator tuning condenser, C5, is at the
left, with its parallel trimmer, C4, mounted
directly on the stator bars, on the left side.
Note that the oscillator coil socket is mounted
directly under C5, on the same center line,
allowing connections from C5 to the socket to
be made with the shortest possible leads.
The only critical job in the construction or
adjustment procedure is involved in getting
the inductance of the oscillator plug-in coils,
L3, to the correct value. There being only one
parallel trimmer for the oscillator ( C4) the
coils must be made and adjusted carefully in
order to have the desired bandspread on both
ranges.
Considerable care must be used in the placement of the oscillator and mixer components,
so that all leads will be very short; otherwise
it will not be possible to resonate these circuits
at 148 Mc. The 6J6 socket is at the right of C5
in the bottom view, and the mixer grid circuit
components appear just to the right of the
middle. The i.f. amplifier gain control, R7, is at
the right. The 300-ohm line from the crystalsocket antenna terminal, Ji, may be seen at
the far right. The mixer plate coil, the i.f.

Fig. 16-23 — A 2-tube
converter for 50 and
144 Mc. The vernier
dial is aNational Type
K, with an 11RT knob
replacing the small one
with which the dial is
normally equipped.
The two wither knobs
are the i.f. gain control, left, and the
mixer tuning condenser.

•
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Fig. 16-24 — Rear view of the
simple converter. Near the panel,
left to right, are the oscillator
coil, mixer-oscillator tube, and
the mixer grid coil. The 50- Mc.
coils are shown. The i.f. amplifier
tube is nearer the back of the
chassis, with the slug-tuned mixer
and i.f. plate coils at either side.

•

amplifier socket, and the output coil assembly
are across the back of the view, from left to
right. The power plug, i.f. output fixture, and
antenna terminal are on the rear wall in the
same order.
Test Procedure
When the assembly and wiring are completed, the oscillator operation should be
checked. The power supply should deliver 6.3
MIXER- OSE.

volts a.c., at 1 ampere, and 150 volts (1.c. at
30 ma., preferably regulated. Insert a milliammeter in series with R3 and check for oscillation by touching any bare spot in the ot,cillator
plate or grid circuit with a pencil. A change in
current indicates oscillation.
The frequency of the oscillator may be
checked with an absorption- type wavemeter or
Lecher wires. For the 50 Mc. range, the oscillator should tune from 57.4 to 61.4

Mc. in

Li. AMP

Fig. 16-25 — Schematic diagram of the two-tube converter for 50 and 144 Mc.
cold end of L2.
Ci — 15- miifd. midget variable ( Millen 20015).
L2— 50 Mc: 7turns No. 22 enamel, % inch long.
C2— 100-omfd. mica or ceramic.
144 Me.: 2turns No. 22 enamel, % inch long.
Ca, CO — 50-eigfd. mica or ceramic.
— 50 Mc.: 5turns No. 22 tinned. Mg inch long, center
— 30-aafd. air-dielectric padder (Silver 619). Altertapped.
native: Ceramic trimmer of similar capacitance,
144 Mc.: % turn No. 12 tinned, center upped: a
such as Centralab 820-C.
1%-inch length of wire formed into a
CO — Special split-stator variable, 7 plates per section,
partial circle with an inside diameter of
made from Millen 21935 — see text.
7/is inch.
Cs, Cii — 68-geifd. mica or ceramic.
Note: Coils Li, L2 and La wound on Millen
Ci, Cg, CIO, Cl2 — 0.
11-pfd. disc-type ceramic.
69071 %-inch diameter forms. For L3 the
RI, Rs — 1megohm, 3.¡ watt.
form is sawed off and the base only is used.
— 10,000 ohms, 52 watt.
L4, Ls — 23 turns No. 22 enamel, close-wound on Na113, 114, Its, Rio — 1000 ohms,
watt.
tional XR-50 slug-tuned forms.
Rs — 220 ohms, .1
A watt.
Le — 3turns No. 22 enamel, close wound at cold end of
Ri -- 2000-ohm wire-wound potentiometer.
Lg.
Rs — 22,000 ohms, 1watt.
JI— Antenna terminal ( Millen 33102 crystal socket).
Li — 50 Mc: 3 turns No. 22 enamel, close-wound at
J2— I.f. output terminal (Jones S-101-11.
cold end of L2.
Pi — 4-prong plug ( Amphenol 86-CP4).
144 Mc.: 2 turns No. 22 enamel, close-wound at
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order to beat with an incoming signal to produce a 7.4- Mc. i.f. ( The oscillator is on the
high side of the signal.) A kick in the oscillator
plate current, or aflicker in the voltage- regulator tube in the power supply, can be used to
show when the frequency is found with the
measuring device.
Set t
he padder, Cg,so that 57.4 Me. comes at
about 5 divisions in from the maximumcapacity end of the tuning range, and check
to see where 61.4 Mc. is found. It should come
just inside the minimum- capacity end of the
range. If the circuit will not tune to 61.4 Mc.
the inductance of L3 is too low. Move the
turns closer together, and reset C. 1 as before
for 57.4 Mc. If the bandspread is too small,
spread the turns and increase the capacitance
of Cg to compensate, for the desired amount of
spread, about 90 divisions on the dial.
Next check the 2- meter range. Ilere the coil
must be adjusted in inductance until the oscillator will hit 136.6 Mc. somewhere between
the middle and the maximum- capacity end of
the tuning range of C5.The high end, 1-10.6
Me. will then appear about 50 to 60 divisions
higher on the dial. The oscillator is on the /
ow
side of the signal on this range. Do not change
the setting of Cg in this process, or it will be
necessary to alter the 50- Mc, coil again.
This areangement ( one padder for both
bands) does away with the need for padders in
the coils themselves, and is worth the added
care that must be taken in designing the coils.
Somewhat reduced bandspread results on the
144- Mc. band. This ea nho i
nereased by making
the coil smaller, and incrcasing the value of
Cg accordingly. It will t
hen not be possible to
cover the entire 50- Mc, band, but this is no
handicap so long as use of the band is concentrated near the low end, as at present.
Once the oscillator is made to tune the
proper frequency ranges the converter may be
tested in actual reception. Connect the output.
through a coaxial cable to a receiver tuned to
approximately 7.4 Mc. With the converter in
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operation, there should be an increase in noise
as the gain control is turned up. The mixer
and i.f. amplifier plate windings can be tuned
to the proper frequency merely by adjusting
the core screws for maximum noise.
The mixer grid circuit may also be peaked
on noise, though care should be taken to see
that it is not peaked on the image, 14.8 Mc.
away from the signal frequency. If the grid
circuit is tuned to the desired frequency there
will be a considerable increase in the strength
of a signal as the grid condenser, CI,is tuned
through resonance. If the circuit, is tuned to
the image frequency the noise will peak up,
but an amateur-band signal will drop in strength
as the noise peak occurs. Tuning the mixer grid
circuit shifts the oscillator frequency slightly,
so it may be peaked more accurately on noise
than when listening to asignal.
A final check of the dial calibration may be
made by tuning in signals of known frequency,
or by means of an accurate signal generator.
Few wavemeters are sufficiently accurate for
final calibration by the method outlined earlier.
When the desired calibration is attained, the
converter is ready for use.
If, in actual operation, trouble is encountered with signals in the 7- Mc, region leaking
through, the i.f. can be shifted slightly to tune
out the interference. In some instances it may
be necessary to put a bottom plate on the
chassis. Small changes in intermediate frequency can be made without resetting either
the oscillator padder or the i.f. coils. With the
i.f. amplifier built into the converter, the setup
will have adequate gain for use with almost
any receiver. Reception will be nearly as good
as with more complex designs, the principal
difference being a somewhat higher noise
figure ( slightly degraded signal-to-noise ratio)
in the simpler job. The use of a low- noise r.f.
amplifier ahead of the converter ( an example
is the 636 preamplifier of Fig. 16-27) will make
possible reception equal to the best obtainable
in aconverter having atunable oscillator.

Fig. 16-26 — Bottom
view of the two-band
converter. The split.
stator condenser at the
left is for oscillator
llll ing. The oscillator
coil socket is out of
sight above this condenser. .‘ tits right is
the 6J6 ,.
ocket. The
mixer tuning C0111
denser and grid toil
socket are just to the
right of the middle of
the chassis, with the
i.f. coils and tube
socket at the rear.
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A 6J6 Preamplifier for 28, 50 and 144 Mc.
The triode preamplifier shown in Figs.
12-27 to 12-30 will improve the sensitivity
and lower the noise figure of receivers and converters that are deficient in these characteristics. It uses a 6J6 as apush-pull neutralized
amplifier, wit h plug-in coils in its grid and

a selenium rectifier, two small filter condensers,
and a resistor in lieu of a choke. The filament
transformers also supply the heater voltage for
the 6J6. Fig. 16-30 shows the utility bo-x with
all power-supply components mounted in place
and wired, ready for use.

Fig. 16-28 — Schematic diagram of the 3-band r.f.
preamplifier.

Fig. 16-27 — An r.f. preamplifier for 28, 50
Mc. The 50-. le. roils are shown,

and 144

plate circuits. A self-contained power supply
is included, so the only connections needed are
to the receiver antenna terminals and the a.c.
line.
The r.f. componente are mounted on the top
plate of a standard utility box, 3 by 4 by 5
inches in size. The power-supply parts are attached to the walls of the box itself. The 6.16
socket is in the middle of the top plate, with
the plug-in coil sockets equally spaced in front
and back of it. The butterfly tuning condensers
are on the underside of the same plate, as close
as possible to the coil sockets. The neutralizing
trimmers mount directly on the stators of the
tuning condensers.
The power supply uses two small 6.3- volt
filament transformers wired " back-to-back,"

CI, C2— 15-ped<1. butterfly-type variable (II immarlund 11FC-12). Flexible coupling is National
type TN- 10.
C3, C4 — 3 30-p m fil. mica tri lllll ter.
C5— 40/40 -,, fil. ISO-volt electrolytic.
(:5 — 100- i.uiftl. mica.
It i — 47 ohms.
112 — 220 ohms.
113— 1000 ohms.
114 — 0.1 megolun.
Si — S.p.s.t. toggle.
SR — Sete' l
i
tttt rectifier ( Federal 4021)3150-A).
T., T2
1-amp. filament transformer (Merit
P-2944).

—6.3-volt

Adjustments
The amplifier must be neutralized before operation can be checked. This may be done in two
ways. The neutralizing trimmers should be set
near minimum capacitance and the tuning-condenser gang turned through its entire travel,
while listening on the receiver with which the
amplifier is to be used. The output terminals
of the amplifier should be connected to the antenna terminals of the receiver by ashort length

COIL DATA FOR THE 6J6 PREAMPLIFIER
Band

Antenna

28 Mc.

3 t. No. 18 e. 54inch dia. inside Li.

50 Mc.
144 Mc.

4
inch
t. dia,
dia.
No. inside
18 e. Li.
2 t. No. 18 e. %inch dia. Insert
between sections
of Li.

Grid, LI
14 t. No. 21 e.. e. t.,
inch long.
6 t. No. 21 e.. e.t.,
inch long.
2 t. No. 16 t. each
side of c.t., 51,ittelt
dia., .% inch long.

Plate, 1.2
Same as Li.
Same as Li.
Same as LI,
but jji' inch
long.

Output
6 t. No. 18 e.
inch dia. inside Lz.
6 t. No. 18 e. %inch dia. inside Lz.
3 t. No. 18 e. %inch dia. Insert
between sections
of Lz.

Coil forms are 5
/8inch diameter, 5 prong ( Amphenol 24-511) with sockets to match
(Amphenol 54-511). The 144-Nle, coils are air-wound, using cut-down forms for bases.
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Fig. 16-29 — The r.f. port ion of ti,, 3-hand preamplifier
is mounted on the cover plate of the utility box.

16-30 — Power- supply components of the preamplifier are mounted on the- walls of the utility box.

of 300-ohm line, and an antenna of the type
normally used for the band in question should
be attached to the preamplifier. If no antenna is
available a carbon resistor of the value of the
line impedance ( 75, 300, 500 ohms, etc.) should
be connected across the amplifier input terminals. Moving the neutralizing trimmers either
way from the proper setting will cause the 6.16
to oscillate, as indicated by excessive noises in
the receiver. Best operation will he had with the
trimmers at the midpoint between the settings
at which oscillation starts. If the normal minimum capacitance of the trimmers is too high to
permit twill ralization the movable plates should
be cut down in size.
The most effective check for neutralization
is had by inserting a. burned- out 6J6 ( or one
with a heater prang cut off) in the socket
and adjusting the trimmers for minimum
response while listening to a strong signal.
With some care it is possible to find a setting
that holds for all three bands, but the adjust-

ment should be made for the band on which
best weak-signal reception is desired.
No provision is made for padding the coils,
so the inductance should be close to the correct value. This. may be checked by inserting
an iron core into the plate and grid coils, one
at a time. If an increase in signal results the
inductance of the coil in question is too low.
As various antennas and receiver input circuits may reflect different loads back on L1
and 1.2 this check should be made with the
receiver and antenna with which the amplifier is to be used.
The coil and condenser values given represent a compromise for three- band operation.
If such a preamplifier is to be used for 144
Mc. only improved results can be achieved by
using variable condensers of lower minimum
capacitance and eliminating plug-in coils. The
reduced circuit capacitance thus obtained will
permit the use of more efficient coils for the
144- Mc. band.

Receivers for 420 Mc.
For best signal-to-noise ratio, receivers for any
frequency should have the highest degree of selectivity that can be used successfully at the
frequency in question. With crystal control or equivalent in stability i:crepted as standard pi • tice for all frequencies up through 225 Mc., there
is little point in using more bandwidth in receivers for these frequencies than is necessary
for satisfactory voice reception, a maximum of
about 10 kc. We will want to keep receiver bandwidth down on 420 Me. as well, but there are
other limiting factors in the 420- Mc. picture.

•
Fig. 16 31 — A converter for 420 Mc. reception. The
oscillator section is in back of the vernier dial, with the
mixer at the rear. Both use 6J6s in pushpull circuits. ' I'he
tithes at the right are the 30-Mc. i.f. amplifier, a6AGS,
and a voltage regulator.
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Volts

RPC,

3

Fig. 16-32 — Schematic diagram of a converter for
420 Mc.

63 V

Two-section ganged split-stator variable, 6.75»dd.-per-section stator to stator (National
VHF-2D). One plate may be removed from each
section to increase bandspread, if desired.
C2 — 3-30 mufd. mica trimmer.
Ca — Padder capacitance made from two copper plates,
by 1inch in size, soldered across terminals of
L2 and Ci. Adjust spacing for band-setting
purposes.
C4, C7, Cs, C9, CII — 0.005-edd. disc ceramic.
Ce, C10 — 15-pmfd. ceramic.
Ce — 50-zidd. ceramic.
C12 — 500-zzfd. ceramic.
CI3 — 100-zzfd. button by-pass.
RI— 470 ohms, Vo watt.
R2 — 1000 ohms, A watt.
R3 — 1megohm, Yo watt.
114, 115 — 1000 ohms, J¡ watt.
R5 — 10,000-ohm potentiometer.
Rs — 68 ohms,
watt.
R7 — 33,000 ohms, 1watt.

R9 — 100 ohms, l4 watt.
Rio — 3300 ohms, l4 watt.
Ru — 2500 ohms, 10 watts.
R12 — 33,000 ohms, l4 watt.
Li, L2 — U-shaped inductances cut from sheet eopper,
jg by 1% inches over all. Cut-out portion is Y.
inch wide. Solder directly to flat plates on the
tuning-condenser stators, adjusting position of
L2 for proper tracking.
Ls, — Injection coupling loops of stiff wire, %. idth of
Li and L2, and mounted closely under them.
La
Antenna coupling loop of stiff wire 1%; inches
long, coupled closely to Li.
Le
10 turns No. 24 d.s.c. spaced to fill National
X11-50 form.
1.7 — Same as Le, but tapped at second turn from cold
end.
Ji — Antenna terminal — Millen 33102 crystal socket.
J2 — Coaxial fitting (Jones S-201).
Pi — 4-prong power fitting.
RFC', RFC2 — 10 turns No. 22 enameled wire, close.
wound on 1-watt resistor.

One is the matter of oscillator stability. Even
the best tunable oscillators may suffer from
vibration and hand-capacity effects at 420 Mc.,
so it is generally desirable to use a bandwidth
somewhat greater than the communications type
of receiver provides, when a tunable oscillator is
used in a 420-Mc, converter, even in reception
of completely stable signals. Working the converter into areceiver designed for f.m. broadcast
reception is a good solution, such receivers having a bandwidth of around 200 kc. The f.m. receiver also provides ameans for receiving signals
from modulated-oscillator transmitters, provided
that the modulation is held to a moderate level.
Radar type receivers having a bandwidth of a
megacycle or more, while being tolerant of unstable transmissions, show extremely poor signalto-noise ratio at low signal levels, and should be
avoided for all but local work.
High selectivity is desirable in the 420-Mc.
receiver if sufficient stability can be developed
in the converter oscillator. One way to do this is

to use an oscillator-multiplier system, but this
is usually practical for only apart of the band unless gang-tuned multiplier stages are employed.
The best solution to the stability problem is a
crystal-controlled injection source, but this imposes the band coverage problem to an even
greater degree. Several crystals and a tunable
i.f. system are then required for full coverage
of the band.
Searching a band thirty megacycles wide is a
time-consuming process when high selectivity is
used in the i.f. system. This points to the desirability of confining such operation to anarrow segment of the band, such as from 432 to 436 Mc.
The 420-Mc. enthusiast who wishes to go in for
weak-signal DX work could then concentrate
effectively on that portion of the band, using a
high selectivity i.f. system. If he wishes to cover
the entire band, another i.f. of less critical characteristics could be used for searching purposes.
Assuming that we have taken care of the stability problem by any of the means suggested

Ci

—
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Fig. 16-33— Bottom view of the 420- Mc. converter.

above, we may still be a long way from satisfactory receiver performance at 420 Mc. Conventional tubes work poorly, if at all, at this frequency, with the result that sensitivity and signal-to-noise ratio are much lower than would be
possible with acomparable tube lineup at 144 Mc.
Little success can be expected with r.f. amplifier
stages using conventional tubes, the types most
suitable for this purpose being the lighthouse or
pencil-tube designs requiring special tank circuits of the flat-plate or coaxial variety. Most
converters presently used on 420 Mc. thus have
only a mixer and an oscillator, followed by one
or more i.f. amplifier stages operating at 30
to 100 Mc. or so. The i.f. amplifier is anecessity;
the output of a420-Mc, mixer is too low to provide satisfactory performance with the average
receiver that would be used as an i.f. system.
Best results require that the i.f. amplifier follow
low-noise techniques outlined earlier in this chapter, particularly if the intermediate frequency is
50 Mc. or higher.
The mixer may be avacuum tube, using more
or less conventional circuitry, or acrystal diode.
At 400 Mc. and higher aproperly-designed crystal mixer, followed by a low-noise i.f. amplifier,
may equal avacuum tube mixer. The noise figure
of the crystal mixer and i.f. amplifier is roughly
the sum of the noise figures of the components,
and may be as low as 10 db. at 420 Mc.

•

A 420- MC. CONVERTER

The converter shown in Figs. 16-31 through
16-33 was designed for use in conjunction with
communications receivers having provision for
wideband f.m. detection. Examples are the 8-27,
S-36, SX-42, and SX-62. The intermediate frequency is 30 Mc., so it may be used with any
receiver covering that range, but best results will
be obtained with those having wideband f.m.
facilities. It may be used with the SX-43 or with
f.m. broadcast receivers, provided that the inter-
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mediate frequency is changed to suit the tuning
range of the receiver. This would be 42-50 Me.,
in the case of receivers for the old f.m. band, or
88-108 Mc. for the present assignment.
Such aconverter may be used for reception of
amateur television signals in the 420- Mc, band
by adjusting the intermediate frequency to a
television channel that is not used locally. A
channel in the low band is recommended.
The mixer and oscillator stages use 6J6s, wit h
gang-tuned pushpull circuits. A 30- Mc. i.f, amplifier is included, as the gain of most receivers
at 30 Mc. is insufficient for best reception. The
if. stage uses a 6AG5, which works well at this
frequency, but if the if. is to be shifted to the
90- Mc. region it would be well to use the cascode
circuit in the if. amplifier, for adequate gain and
low-noise characteristics. Details of the cascode
amplifier will be found earlier in this chapter.
Plate voltage for the oscillator and mixer is
maintained at 105 volts by means of an 0A2
regulator tube.
The tuning condenser is a ganged unit especially designed for v.h.f. service. The mixer and
oscillator inductances, Li and L2, are cut from
sheet copper in U shape, and soldered directly
to the stator assemblies in the tuning condenser.
The 6J6 tube sockets are mounted on brackets
supplied with the condenser assembly, permit t
ing
connections to be made without leads other t
han
the socket lugs themselves. Padder capacitance
for the oscillator is supplied by two copper plates,
also soldered directly to the stator terminals.
J.

5675
6.14
RFC,4F4 0

Ca;

6.3 V.
G3

r
J_.

c,

RFC z
RFC 4

Jz
5
RFC 3

+100
I
to 150V.

C
4

R,

Fig. 16-34 — Schematic diagram of the 420- Mc. amplifiers. Connections for the 6.41,4 are as follows: Pins I,
7 — plate; 2, 6 — grid; 3, 4 — heater; 5 — cathode.

CI
— Copper tab tuning capacitor; see
graphs.

text and photo-

C3, C4 — Feed-through capacitors, 100 ppfd. or
larger.
— 100-iodd. ceramic.
C6 — 2-55fd. ceramic. Use only if neutralization is
needed.
RI— 220 ohms.
Li — Inner conductor of plate line; Ms. or %8.-inclt
copper tubing or rod, 7 inches long for 6J4 or
6F4.
L2 — Coupling loop of insulated wire. Runs adjacent to
Li for 1inch.
L3 — Use only if neutralization is needed. See text for
details.
Ji, J2 --L. Coaxial fitting, female. J2 is shown as acrystal
socket in the photographs.
RFC' — RFC4 — 7 turns No. 22 enam., js.incl, diam.,
inch long. A 1000-ohm ¡...‘vatt resistor can
be substituted for RFC4.
C2,
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Fig. 16-35 — Two coaxial-line r.f. amplifiers for 420 Mc.
The shorter one, in the foreground, uses a614 triode;
the other a 5675 "pencil tube" triode. Both employ
plate lines tuned with small copper-tab capacitors at
the open end of the line.

•R.

F. AMPLIFIERS FOR 420- MC. RECEPTION

Two coaxial-line r.f. amplifiers for 420-Mc.
use are shown in Figs. 16-34 through 16-37.
Either is capable of about 12 dl)gain and they
may effect a considerable improvement in the
signal-to-noise ratio and stability of simple mixeroscillator converters. By isolating the mixer from
the antenna, the use of such an r.f. stage reduces
oscillator radiation, and may at least partially
correct oscillator stability troubles that result
from swinging feeders and body capacity effects.
Designs for two different types of tubes are
shown. The longer line ( rear of Fig. 16-35) uses
atype 5675 " pencil" tube; the other a6J4 miniature. Both have halfwave line tuned plate circuits, the outer conductors of which are made
from flashing copper. Dimensions of the tank
circuit parts, in flat form before bending, are
given in Fig. 16-36.
A shielding partition is soldered inside the line
two inches from one end when a6J4 is used. This
partition crosses the center of the tube socket,
with aprong fitting inside the shielding ring that
is part of most miniature tube sockets. For the
pencil tube two plates are required, the grid plane
of the tube being clamped between them. The
heater and cathode circuit components are
mounted in the small compartment, the heater
voltage being brought in by feedthrough capacitors mounted on the end plate. If one side of the
heater is to be grounded it can be done inside the
compartment and only one feedthrough capacitor
used.
The inner conductor is supported near its
midpoint by ablock of polystyrene drilled to pass
the tubing or rod with a close fit. Plate voltage
is brought through the side wall of the outer conductor on a feedthrough capacitor and applied
to the inner conductor near its midpoint through
a small r.f. choke or isolating resistor. The connection should be made to the point of lowest r.f.
voltage.
Tuning is done with small circular plates of
copper, one of which is soldered to the end of the
line. The other is mounted on an adjusting screw.
A hole about 3/8inch diameter is drilled in the
outer conductor about one half inch from the
open end. A 4/40 brass screw is run through the

hole, with brass nuts on either side of the sheet
copper. These are then soldered to the copper,
taking care not to run the solder up over the nuts
onto the screw thread. Another nut is then put
on the end of the screw and the copper tuning
disc is soldered to this. A brass sleeve or piece of
VIinch copper tubing is soldered to the head of
the screw to provide ashaft for mounting aknob.
Output coupling is by means of a loop of
insulated wire alongside of the inner conductor.
The position of the coupling loop is not particularly critical. Moving it away from the point of
lowest r.f. voltage, toward either end of the
line, decreases the gain and increases the bandwidth slightly. If the r.f. stage is used as aseparate preamplifier unit the coupling link to the
receiver proper should be coax.
Because the input impedance of a groundedgrid amplifier is quite low, there is little to be
gained by the use of atuned input circuit, so the
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Fig. 16-36 — Flashing copper parts of the 420- Mc, tank
circuits. The outer conductor (top sketch) is. 10 inchu.
long for the line using miniature tubes, or 12 incite. for
the pencil tube model. 'I'he middle drawing shows the
bottom plate (
left) and an end view of the assembled
line. At the bottom left is the shielding fin used with
the miniature tubes, and at the middle is ..ne of the
two plates needed for mounting the pencil tube. These
plates should be tailored to fit the line assembly after
it is bent up. They are soldered in place, two inches
from the end of the trough. The right-hanil plate is
fastened in the end of the trough, the two holes being
for the heater by-passes, C2 and CS.
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Fig. 16-37 — Interior view of the r.f. amplifier units. A
2-inch space at the left end takes care of the heater and
cathode circuits. When a miniature tube is used, as in
the upper model, ashielding fin is fitted across the center
of the tube socket. The pencil tube (lower unit) has its
grid plane clamped between two copper plates. The inner
conductor in each line is supported near its center
with apolystyrene block.

antenna is connected directly to the cathode
through a small blocking condenser. This is
necessary only to keep the cathode from having
its bias resistor shorted out if agrounded antenna
system is used. The cathode and heater are kept
above ground for r.f. by the use of small airwound
r.f. chokes. Though the photograph shows crystal
sockets as antenna terminals, implying the use of
200-ohm Twin-lead or other balanced line, the
direct connection to the cathode is more suited
to use of coaxial line. The input connections have
since been changed to coaxial fittings. If 300-ohm
line is used on the antenna system, more effective
coupling can be made with abazooka, for balanced
to unbalanced coupling, as shown in Fig. 16-38.

peak at resonance. This effect was encountered
when 300-ohm line was attached directly to the
cathode, but disappeared when coaxial input and
output coupling fittings were installed. Neutrali-

Adjustment and Operation

Fig. 16-38 — A bazooka for coupling into the 420- Me.
r.f. amplifier with 300-ohm transmission lines. Two
pieces of any small coaxial line are needed, one of them
ahalfwave longer than the other. A 300-ohm balanced
line may be connected to the left end. The inner conductors are tied together at the other end, feeding into
the hot terminal of acoaxial fitting.

A grounded-grid amplifier that is operating
correctly should not be particularly critical in
adjustment. With heater and plate voltages applied and the r.f. stage connected to the receiver
with which it is to be used, the line should be
adjusted to resonance, as indicated by maximum
signal and aslight noise peak. The point of connection for the plate voltage should be checked
by touching apencil lead along the inner conductor and finding the point at which there is the
least effect on the strength of the received signal.
A good starting point is just toward the tube end
of the line from the midpoint. The output coupling loop should run close to the inner conductor
for about one inch, beginning near the low r.f.
voltage point. It can be moved toward the tube
or the open end if more bandwidth is desired.
There may be atendency toward regeneration
with the 6J4, when no antenna is connected,
showing up as a sharp and pronounced noise

Coax
19'Lona
Coax
FItting
300 ohm
Input

zation, if needed, can be accomplished by coupling a small amount of energy from the plate
back to the cathode, as indicated by C6 and L3
in Fig. 16-34. The length of the loop in the plate
portion of the line should be adjusted until
neutralization is achieved.
The 5675 and 6J4 tubes are most suitable for
this application, but other types, including the
6AF4, 6F4, 6AB4 and 6J6 might be usable. It is
possible that these types would require neutralization, however, as they do not have built-in
shielding between cathode and plate. The various
lighthouse types work well in such circuits, but
their different construction requires revisions in
the design of the line.
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VHF. Transmitters
transmitters for 220 Mc. are not too difficult
to build, and their use at this frequency is
highly recommended.
Construction of multistage rigs for 120 Mc.
is not easy, and the choice of tubes suitable
for this type of work is quite limited, but the
advanced amateur who is interested in making
the most of the interesting possibilities afforded
by this developing field will be satisfied with
nothing less. The 420- Mc, band is much
wider than our lower v.h.f. assignments, however, and interference is not likely to become a
limiting factor in this band for a long time to
come. Thus it may be more important, in
many localities, to get activity rolling with
any sort of gear, leaving perfection in design
to come along as the need develops.
At 420 Mc. and in the higher amateur assignments most standard tubes cannot be used
with any degree of success, and special tubes
designed for these frequencies must be employed. These types have extremely-close electrode spacing, to reduce transit-time effects,
and are constructed with leads having virtually no inductance. Several more-or-less conventional tubes are now available which will
operate with fair efficiency up to about 500
Mc., but best performance is obtained with the
"lighthouse," " pencil tube," or coaxial-electrode
types built especially for u.h.f. applications, and
requiring specially-designed tank circuits.
Frequency modulation may be used throughout the v.h.f. and higher bands, wide-band
emission being permitted above 52.5 Mc. and
narrow-band FM anywhere. Where suitable receivers are available to make best use of such
emissions, either wide-band or narrow-band
FM can provide effective v.h.f. communication,
their use being particularly advantageous in
congested areas where the freedom from interference to broadcast reception they enjoy may
permit operation when an amplitude-modulated
transmitter of any power would be a constant
source of trouble.

Beginning with the v.h.f. region, amateur
frequency assignments are not in direct harmonic relationship with our lower-frequency
bands. This fact, coupled with the necessity
for extreme care in selection and placement
of components for low circuit capacitance and
minimum lead inductance, makes it highly
desirable to construct separate gear for v.h.f.
work, rather than attempt to adapt for v.h.f.
use a transmitter designed for the lower amateur frequencies.
Transmitter stability regulations for the 50Mc. band are the same as for lower bands,
and proper design may make it possible to
use the same rig for 50, 28, 21, and even 14
Mc., but incorporation of 50 Mc. and higher
in the usual multiband transmitter is generally not feasible. Rather, it is usually more
satisfactory to combine 50 and 144 Mc.,
since the two bands are close to a third-harmonic relationship. At least the exciter portion
of the transmitter may be made to cover the
requirements for both these bands very readily.
Though no stability restrictions are imposed
by law on operation at 144 Mc. and higher
amateur bands (other than that the entire
emission must be kept within the limits of the
band in question), experience has demonstrated the value of using crystal control or its
equivalent in v.h.f. work. Crystal-controlled
transmitters and receivers having the minimum
bandwidth necessary for voice communication
make it possible for hundreds of stations to
operate without undue interference in a band
that formerly appeared crowded when occupied
by a dozen or less stations using broadband
receivers and unstable transmitters.
The use of narrow- band communications
systems also pays off in the form of improved
efficiency in both transmitter and receiver. It
is this factor, perhaps more than the interference potentialities of the wide- band systems,
which makes it desirable to employ advanced
techniques at 220 and even 420 Mc. Stabilized

Transmitter Technique
The low-power stages of a transmitter for the
v.h.f. bands need not be greatly different in design from those used for lower bands, and many
of the ideas in chapter 6 may be used to good
advantage in the initial stages of the v.h.f. rig.
The constructor has the choice of starting at some
lower frequency, usually around 6, 8 or 12 Mc.,
multiplying to the operating frequency in one or
more additional stages, or he can use a high

initial frequency and thus reduce the number of
multiplier stages required or eliminate them entirely. The first approach has the virtue of employing low-cost crystals, and it usually results in
better stability when methods other than crystal
control are used, but high-frequency crystals may
effect aconsiderable economy in power consumption, an important factor in portable or emergency-powered gear.

389

390
A high starting frequency may be helpful in
preventing TVI that can result from amplification
of unwanted harmonics from a crystal oscillator
on 6, 8or 12 Me. Most of the troublesome harmonics are eliminated if a crystal frequency of
24 Mc. or higher is used.
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CRYSTAL OSCILLATORS

Crystal oscillator stages for v.h.f. transmitters
may make use of any of the circuits shown in
Chapter 6, when crystals up to 12 Mc. are employed, but certain variations are helpful for
higher frequencies. Crystals for 12 Me. or higher
are usually of the overtone variety. Their frequency of oscillation is an approximate multiple
of some lower frequency, for which the crystal is
actually ground. Thus 24-Mc, crystals commonly
used in 144- Me, work are 8- Me, cuts, specially
treated for overtone characteristics. Until recent
years such crystals were tricky in operation and
subject to excessive drift if operated at high
crystal current. The overtone crystals now being
supplied are approximately as stable as those
designed for fundamental operation, and they
are easy to handle in properly-designed circuits.
Best results are usually obtained with overtone
crystals if some regeneration is added. This makes
for easy starting under load and greater output
than would be obtainable in a simple triode or
tetrode circuit. Two regenerative circuits, with
constants for 24- or 25- Mc, crystals, are shown
in Fig. 17-1. Triodes are shown, but the same
arrangement may be used with tetrode or pentode
tubes. The important point in either case is the
amount of regeneration, controlled by the position and number of turns in the feedback winding,
L2, in Fig. 17-1-A or the position of the tap on
in B. There should be only enough feedback to
assure easy crystal starting and satisfactory operation under load; too much will result in random oscillation not under the control of the
crystal.

c,

C2
Output

COO

0005

0005

1000

RFC

RrC

Fig. 17-2 — The functions of crystal oscillator, cathode follower and frequency multiplier are combined in
this dual-triode circuit. The circuit LI
CItunes to the desired overtone frequency, and L2
C2its second or third
harmonic. L3should resonate with tube and crystal capacitance just below the frequency of oscillation. The
value of the r.f. chokes in the cathode circuit is not
critical. Values for obtaining 144- Mc. output with a
24.Mc, crystal are given below.
Ci — 20-mpfd. variable.
C2 — 10-µmfd. variable.
Li — 5turns No. 18, 3/2inch diam., % inch long.
L2— 2turns No. 18, !,,¡.inch diam., % inch long.
L3— 4turns No. 18, s.inch diam., % inch long.

Overtone operation is possible with standard
fundamental-type crystals, using the circuits of
Fig. 17-1. Practically all will oscillate on their
third overtones, and fifth and higher odd overtones may be possible. Adjustment of regeneration is more critical, however, if the crystals are
not ground for overtone characteristics. It should
also be noted that the frequency may not be an
exact multiple of that marked on the crystal
holder, so care should be used in working with
crystals that are near to a band edge.
Crystals ground for overtone service can be
made to oscillate on other overtones than the one
marked on the holder. A 24- Mc, crystal, actually
an 8- Me, cut, may be made to oscillate on 40, 56,
72 Mc. or even higher odd multiples of its 8- Me.
fundamental frequency. The circuits of Fig. 17-1
may be used, but for high-order overtones the
dual triode circuit of Fig. 17-2 is more reliable.
Values for achieving 144- Mc, output with a 24Me. crystal ( 9th overtone instead of 3rd) are
given.
The crystal is resonated, by means of L3 connected across it, at a frequency just below the
desired overtone, or about 70 Mc. in this example.
Circuit LiCi tunes to the desired overtone, 72
Mc.; L2C2 to a harmonie, in this case 144 Me.
(
A)
Regeneration is controlled by varying the couFig. 17-1— Regenerative crystal oscillator circuits for
pling between L1 and L3, so that only crystal
v.h.f. use. Feedback is controlled by the position of L2
oscillation is developed. Polarity of these windwith respect to Li in A, or by the position of the tap on
LI in B. Constants below are for 24 to 27 Mc.
ings is important; bringing them closer should
Ci — 50-aafd. variable
reduce the tendency to self oscillation.
C2— 0.005-ofd. ceramic or mica.
Crystals are now available for frequencies up
C3— 25-aufd. ceramic or mica.
to around 100 Mc. They are somewhat more
Ri — Decoupling resistor, 1000 to 5000 ohms, carbon.
expensive than those for 30 Me, and lower, howR2 — Grid leak, to suit tube used.
Li (A) — 18 turns No. 18, %-inch dia., 1% inches long.
ever, so they have not been used widely in amaL2 (A) — 3turns similar to A, mounted on same tnis,
teur work, except where a saving in power is
about % inch apart.
important. Use of 50-Mc, crystals is made occaLi (B) — 14 turns No. 18, 3'-inch dia., 1inch long. Tap
at about 4% turns (see text).
sionally as a means of preventing radiation of
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the harmonics of lower frequency crystals that
might cause interference to television reception.

• FREQUENCY

MULTIPLIERS

Frequency multiplying stages in av.h.f. transmitter follow standard practice, the principal precaution being arrangement of components for
short lead length and minimum stray capacitance.
This is particularly important at 144 Mc. and
higher. 'Fo reduce the possibility of radiation of
oscillator harmonics on frequencies that might
interfere with television or other services, the
lowest satisfactory power level should be used.
Low powered stages are easier to shield or filter,
in case such steps become necessary.
Common practice in v.h.f. exciter design is to
make the tuned circuits capable of operation over
the whole range from 48 to 54 Mc., so that the
output stage can drive either a 50-Mc, amplifier
or a tripler from 48 to 144 Mc. Tripling is often
done with pushpull stages, particularly when the
output frequency is to be 144 Mc. or higher. The
output capacitances of the tubes in such acircuit
are in series, permitting a better L/C ratio than
is possible with single-ended circuits.

o

RFC

Output
o

Fig. 174-11alfwarc line tank circuit, for use at 220
or 420 Me., where tube and circuit capacitances prohibit
the use of an nrdinary tuned eirimit. Plate voltage is fed
into the line at the ;Mint of lowest r.f. voltage (see text).

Such an arrangement will operate as efficiently
on 144 Mc. as if it were designed for that band
alone, yet it can be made to work properly on
any lower band.
At 220 Mc. and higher it may be necessary to
employ halfwave lines as tuned circuits, tie shown
in Fig. 17-4. Here the tuning capacitance, instead
of being connected directly in parallel with the

tput

•AMPLIFIERS
Most transmitting tubes now used by amateurs will work on 50 Mc., but for 144 Mc. and
higher the tube types are limited to those having
low input and output capacitances and compact
physical structure. Leads must be as short as
possible, and soldered connections should be
avoided in high-powered circuits, where heating
may be great enough to reach the melting point
of the solder used.
Plug-in coils and their associated sockets or
jack bars are generally unsatisfactory for use at
144 Mc. and higher because of the stray inductance and capacitance they introduce. One way
around this trouble is the dual tank circuit shown
in Fig. 17-3. Here the tank circuit for 144 Mc.
is a conventional tuned line, with its shorting bar
made removable by plugs or clips. When the
stage is to be used on another band the shorting
bar is removed and acoil is plugged into the jack
bar, the line then serving as apair of plate leads.

+H.V.

Fig. 17-3— An efficient two-band tank circuit for 50
and 144 Mc. For operation on 144 Mc. the shorting bar
is plugged into the end of the line. For 50 Mc. asuitable
tank coil is plugged into the jack bar. The line then
serves merely as apair of plate leads. RFC, is a141- Mc.
choke; RFC2 a50-Me. choke. The split -stator variable,
C4 tunes either circuit.

Fig. 17-5— Grounded-grid r.f. amplifier. Driving voltage is fed into the cat hode circuit, with the control grids
maintained at ground potential.

output capacitance of the tube, is at the far
end of a halfwave line. Plate voltage is fed into
the line near the middle, at the point where the
r.f. voltage is lowest. The proper point can be
located by first operating the stage with the
voltage fed in near the middle of the hue, and
then touching a pencil point along the line to
locate the spot where the least effect on the grid
or plate current is noted. This check should be
made with the pencil in an insulating mount, if
dangerous values of plat evoltage are uso h.
Neutralization of triode amplifiers for 50 and
144 Mc. can follow standard practice, but the
stray inductance and capacitance introduced by
the neutralizing circuits may be excessive for
220 Mc. and higher. In such instances groundedgrid amplifiers may be used as shown in Fig.
17-5. Driving power is applied to the aathode
circuit, with the grid acting as ashield. Groundedgrid amplifiers are stable, but they require high
driving power. Some of the drive appears in
the output, so both the driver and amplifier must
be modulated when amplitude modulation is
used. For this reason the grounded-grid amplifier
is used mainly for f.m. applications.
Tetrode and pentode amplifiers may operate
without neutralization, but it is advisable to
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Screen
Voltage

Fig. 17-6 — Tuned screen circuit for stabilizing av.h.f.
tetrode push-pull amplifier. Ci and C2 may be the two
halves of asplit-stator variable condenser, if the circuit
is symmetrical electrically. The r.f. choke and condenser
values vary with frequency, making this form of neutralization essentially aone-band device. C3 should be
about 0.001 dd. for v.h.f. applications.
make plans for neutralization in the original
layout, as it is often needed. With such tubes
as the 829 or 832 enough neutralizing capacitance
can be obtained by running short lengths of stiff
wire up through the chassis alongside the tube
plates, crossing them over to the opposite grid
terminals below the chassis. Neutralization is
adjusted by trimming or bending the wires.
Instability may show up in tetrode amplifiers
as the result of ineffective screen by-passing, in
which case conventional cross-over neutralization
will accomplish little or nothing. The solution lies
in series-resonating the screen circuits to ground,
as shown in Fig. 17-6. A small split-stator variable
can be used for C1 and C2 if the layout is completely symmetrical. The r.f. choke and condenser values vary with frequency, so screen neutralization is essentially aone-band device.

•FREQUENCY

MODULATION

Though f.m. has not enjoyed great popularity
in v.h.f. operation, probably because of lack of
suitable receivers in most v.h.f. stations, its possibilities should not be overlooked, particularly for
the higher bands. At 420 Mc., for instance, the
efficiency of most amplifiers is so low that it is
often difficult to develop sufficient grid drive
for proper a.m. service. With f.m. any amount
of grid drive may be used without affecting the
audio quality of the signal, and the modulation
process adds nothing to the plate dissipation.
Thus considerably higher power can be run with
f.m. than with a.m. before damage to the tubes
develops or the signal is of poor quality.
Frequency modulation also has the advantage
of simplifying overall transmitter design. The
principal obstacle to greater use of f.m. in v.h.f.
work is the wide variation in selectivity of v.h.f.
receivers, making it difficult for the transmitter
operator to set up his deviation so that it will be
satisfactory for all listeners.

•TVI

PREVENTION AND CURE

Interference to television reception is, in general, not so serious a problem with v.h.f. transmitters as with equipment designed for lower

amateur assignments, where more harmonics of
the operating frequency fall within the television
range. With the exception of 50- Mc, interference
in TV Channel 2 (an adjacent-channel problem
resulting from the necessarily broad response of
television receivers) most v.h.f. TVI is relatively
easy to correct, and with proper care in designing
the equipment to be used it can often be avoided
entirely.
There are three principal causes of TVI with
v.h.f. equipment. It may result from fourthharmonic radiation by 50-Mc. rigs in Channels
11, 12 or 13, depending on the operating frequency. More often, harmonics of the oscillator,
or of one or more of the multiplier stages, may
fall in some of the channels. Particularly when
the transmitting and TV arrays are in close
proximity, there may be fundamental blocking.
The first trouble can be corrected by following
the usual TVI prevention methods detailed
elsewhere in this Handbook, and in QST. Radiation of unwanted harmonics of oscillator or
multiplier frequencies can be prevented by
generally similar methods. Use as high astarting
frequency as possible. Reject unused frequencies by the use of inductive coupling between
stages. Run as low power as practicable in the
exciter stages. Shielding and filtering of the stages
may be necessary.
Crystal frequencies should be chosen to avoid
harmonics that might fall in locally-used channels. As an example, 6- or 12- Mc, crystals are
often usable in 50- Mc, transmitters in areas
where Channel 6 is received, whereas the same
rig with 8- Mc. crystals may cause trouble. In
this case the 13th and 7th harmonics of 6and 12
Mc, respectively fall in the channel, whereas
the 10th harmonic of the 8-Mc, crystal is the offender. ( High-order prime- number harmonics are
less likely to be passed along by succeeding
stages.)
Use of the lowest power that is practical for
the communication being attempted will help
in cases of fundamental blocking. Separation of
the TV and transmitting arrays by as great a
distance as possible is also recommended, but
otherwise treatment of the TV installation by the
addition of traps or stubs to attenuate the transmitter frequency is the only cure.
Though it is not yet aproblem, the imminence
of commercial exploitation of the u.h.f. TV
channels should be kept in mind when gear for
v.h.f. use is being designed and built. When these
channels are occupied, it will be important to
prevent harmonic radiation in any v.h.f. transmitter. This will be possible if the techniques
now becoming familiar to users of our lower
bands are applied to v.h.f. transmitter design.
Complete shielding of all stages and filtering of
all power leads, the use of the lowest permissible
grid drive to the final stage (usually involving
the employment of beam-tetrode power amplifiers), and the conversion to coaxial-line-fed
antenna systems are a few of the methods that
may soon become mandatory for v.h.f. enthusiasts who live in congested areas.
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A 400-Watt Transmitter for 50 and 144 Mc.
A high-powered transmitter for use on our
two most- popular v.h.f. bands presents some
knotty design problems. It is not always easy
to develop satisfactory drive for the higher
band, and an efficient band-changing system
for a 144- Mc, amplifier calls for something
better than the ordinary plug-in coil arrangement. These two factors were prime considerations when the all-tetrode rig for 50 and 144
Mc. shown in Figs. 17-7 to 17-13 was laid out.
The exciter has separate output stages for
the two bands, eliminating the necessity for
driving the final stage with afrequency multiplier on the higher one. Efficient operation of
the final stage is attained with anovel form of
tank circuit that avoids the use of a plug-in
coil for 144 Mc. As a result, the transmitter
has practically the same over-all efficiency as
would be obtainable if it were designed for
either band alone.

eTHE EXCITER
Though the two units were intended for use
together as a complete 400- watt transmitter,
as shown in the composite photograph, the
exciter portion may be used as a low- powered
transmitter by itself. As an exciter it has the

virtue of providing uniform drive for the final
on both bands. Other points of interest include quick band changing, crystal switching,
VFO-input provision, low power consumption,
and freedom from critical adjustments.
The circuit diagram of the exciter is given in
Fig. 17-9. The 6AR5 Tri-tet oscillator employs a fixed- tuned cathode circuit, C8L 3.The
plate circuit, C1L4,tunes 24 to 27 Mc., the oscillator tripling when 8- Mc. crystals are used
and quadrupling with 6- Mc. crystals. Five
crystals are provided for by the switching circuit, and a sixth position of the switch connects the 6AR5 grid to a tuned circuit, C5Ln
which is in turn link coupled to the VFOinput jack, J1. Switch Su grounds the caz.hode
of the oscillator tube when VFO input is
used. The second 6AR5 is afrequency doubler
with its output link coupled to an 832A amplifiertripler circuit.
As a straight-through amplifier at 50 Mc.,
the 832A uses a low-value grid resister, Rfi,
cut into the circuit by switch Su. A highresistance grid-leak, R6, is picked up by Su
when the tube is operated as afrequency tripler to 144 Mc. Tube and circuit capacitance
resonate the grid coil, L8, at approximately
49 Mc. Jacks J2 and J3 permit metering of
the grid and the cathode currents
wit h .13 also serving as the keying
jack for c.w. work at 50 N)c. The
plate circuit uses plug-in coils
with the output link-coupled to
the final by means of L10 in the
50- Mc. coil. At 144 Mc., output is
capacity-coupled to the 2- meter
output stage by condensers C16
and C16. The 1i4- Mc. stage, also
an 832A, has grid and cathode
jacks as in the previous stage. It
is made act ive by applying heater
voltage through Se.
Power wiring for the unit is
shown in the lower section of Fig.
17-9. l'ower for the exciter is fed
through a 5- prong male receptacle. A 4- prong female receptacle
permits taking out heater and
plate voltages for an external
VFO. Changing from VFO to

Fig. 17-7 — A compine
400-watt transmitter for
50 and 144 Mc.
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¡mg. 17-8 — A rear view of the 50- and 144Mc. exciter. Across the top of the chassis,
from right to left, are the crystal sockets, the
oscillator and doubler tubes, the 832 4 amplifier tripler and its plate coil, and the inverted
144-41c, amplifier stage. Crystal sockets,
used as r.f. output terminals, are mounted on
the rear wall of the chassis along with the
[
mover plugs and the filament transformer,

crystal operation is done by means of the
crystal switch and S25 ,I,.
Higher plate voltage is applied to the
144- Mc. amplifier than is used with the other
three circuit,, making the output on 144 Mc.
comparable with that of the 50- Mc. amplifier.
Construction
The exciter is built on a metal chassis
measuring 3 by 5 by 17 inches. The aluminum
rack panel, Hi by 8% by 19 inches in size, is
held in place by the mounting nuts of the various controls.
Plate tuning condensers for the oscillator
and the doubler are mounted on the front wall
of the chassis. These two controls are hot with
+300 volts and must be insulated from the
chassis. Bakelite tuning knobs without metal
dial plates protect the operator.
The amplifiertripler circuit, located at the
left-center of the chassis as seen from the rear
view, has its plate coil mounted on a National
type XB-16 socket. Shield braid is used for
the connections between the coil socket and
the 832A plate caps, while Twin- Lead is wired
between the output link and the output terminals. The tube is submounted on a Johnson
shielded socket, Type 122-101, and the plate
tuning condenser, C3, is mounted to the left of
the tube socket on an aluminum bracket.

terminal tie-point strip which supports the
output link, L12. A heavy copper strip is used
as the ground lead for the rotor of the tuning
condenser. The screen-dropping resistor is
mounted on a tie-point strip located on the
rear wall of the chassis.
Testing
Power-supply requirements for the exciter
will depend on how the unit is operated. If it
is to serve as alow-power transmitter, the supply need deliver only 300 volts at approximately 175 ma. For exciter service, two supplies are recommended — one delivering 300
volts at 125 ma. and one furnishing 400 volts
at 100 ma., the latter to be used on the second
832A. The filament transformer must deliver
6.3 volts at 4amp. in either ease.
If operation with a VFO not having its own
supply is contemplated, the power-supply
capabilities should be increased to meet the
extra requirements. When the V.H.F. Man's
VFO, Figs. 17-14 to 17-16, is used it increases
the heater load by 2amp, and the plate-current
drain by approximately 60 ma.
Performance of the oscillator and the doubler circuits should be checked first. This is
done with the plate and screen voltages removed from both 832 stages, and with a low
range milliammeter plugged in J2. The oscillator cathode switch should be opened. Table
17-I will assist in the selection of a crystal for

The 144-Mc, amplifier has the shielded tube
socket mounted in an inverted position. The
grid chokes, RFC6 and RFC6, are mounted
between the socket terminals and a tie
point strip which is in turn mounted on the
TABLE 1
T-I
metal part of the socket along with the
Crystal Oscillator Doubler Amplifierbutton- type by-pass condensers. The couTripler . Amplifier
pling condensers, C15 and C16, are between
6250
25
50
50
the tube socket and the amplifiertripler
6750
27
54
54
8333.4
25
50
50
plate coil socket. Millen No. 32150 through9000
27
54
54
bushings, set in the chassis to the left and
6000
24
48
144
144
rear of the tube socket, pass d.c. and heater
6466.6
24.6
49.3
118
148
leads for the 832A.
8000
24
48
114
144
8222.2
24.6
49.3
148
148
The bottom view of the exciter shows the
plate tuning condenser, C4,mounted on the
NOTE: Crystal frequencies in Ike.; other frequencies
in Mc.
end wall of the chassis just below the two-

AMPLI FI ER

AMPLIFIER OR TRIFLER

DOUBLER
6AR 5

4
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832A

832A
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832A

832A
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3A4
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C20

Fig. 17-9 — Circuit diagram of the 50-144 Mc. exciter.
CI, Co :—. 25-gpfd. variable ( Millen 20025).
Ca, C4 — 25- gg fd.-per-section split stator (Bud LC
1661).
C5 — 22-ggfd. midget mica.
Cs, CIO — 100-ggfd. midget mica.
C7, CO3C12 — 0.00 17. 51d. mica.
Cs — 68-ggfd. mica.
Cir, Ci3, C14, C20 — 470-ggfd. midget mica.
C15, C111 — 10-ggfd. midget mica.
C17, Cis. C10 — 500- gg fd, button-type by-pass.
Ht — 0.12 megolun, I., watt.
112— 15,000 ohms, 1watt.
113 — 47,000 ohms,
watt.
114 — 22,000 ohms, 1watt.
115, Rs — 22,000 ohms,
watt.
Its — 0.1 rnegohm, M watt.
117, Its — 25,000 ohms, 10 watts.
Li — 18 turns No. 24 emito., %8 inch long, 1-inch diam.

La — 1 turns No. 21 enam., dose-wound at ground
end of 14.
La — 14 turns No. 20 tinned, 7 inch long, 5 ,j-inch diam.
Lei —
turns No. 20 tinned, 5 ,, inch long, 5 Ï
.inch diam.
L5 — 5turns No. 20 tinned, 5 111 inch long. ,:4inch diam.
Nliniductor No. 3007 used for La, Li
Note: 11 &
and Ls.
Lei. 1.7 — Two- turn coupling links.
I,s — 18 turns. No. 20 enain., 5 ., inch long, 12
(inch diam.
1,0 —
M C.: Iturns No. 20 ena en., :q inch long, 14
,inch ilium. National type Ait 16-10C with 2
turns removed from cadi end.
—111 Mr.: • 1 turns No. II tinned, 7 inch long,
34- inch diam.
Lit — 50- Mc, output link: 2 turns No. 20 enam., wound
around Ls.
Lit — 4 turns No. 12 tinned, 5 .inch diam.. wound in

ro VEO

two sections with two turns each side of center
tap and a
space at center, turns spaced
wire diam.
L12 — 144- Me. output link: 2 turns No. 14 tinned, Minch diam., turns spaced wire diam.
Ji — Coaxial-cable connector.
J2. Ja, J4, J5 — Closed-circuit jacks.
JS 5-prong male receptacle.
J7 — 4-prong female receptacle.
RFC1 — 2.5-mh. r.f. choke.
FC2, 111,C3, RFC:4 — 7.h. r.f. choke (Ohmite Z-50).
FCs, RFC6, HFC7 —
r.f. choke (Ohmite Z144).
Si — 8-position selector switch ( Amphenol 36-1).
,S2, 521. — D.p.s.t. toggle switch.
Saa, Sa. — D.p.d.t. toggle switch.
Ti — Filament transformer: 6.3 volts, 6 amp.; see
text.
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Fig. 17-10 — Bottom view of the v.h.f. exciter. The V1F0 input coil is at the left end
of the chassis. ¡'late coils for the oscillator,
the doubler and the I11-11e. amplifier circuits are nmunted on the tuning coriiii•ei-ers.
The grid coil for the amplifier tripler stage is
mounted on the tube-socket ter RRR Rlads.

•
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should be tuned. With plate voltage applied
and with the doubler tuned to resonance, the
grid current of the 832A should be approximately 7 ma. when an 8- Me, crystal is used.
Grid current will be 5 or 6 ma. with a 6- Me.
crystal. Total cathode current for the two
6A1t5s should be 50 ma. Normal screen voltage for the oscillator and the doubler tubes is
about 230 and 200 volts, respectively.
The 832A may now be tested at 50 Me.
This requires a 100- ma. meter in the cathode
circuit and a 10- watt lamp coupled to the
output terminals. When the plate circuit is
tuned to resonance, the grid current should
stay up around 5 ma., the cathode current
should dip to about 65 ma., and the lamp
should indicate an output of 6 to 8 watts. A
screen potential of 160 volts is correct with
the amplifier loaded. The plate current should
rise noticeably and the grid current fall to zero
when excitation is removed. This last test
must be one of short duration.
To check the 144- Mc, stage, plug in the 2meter coil at L11 and apply the heater voltage
through S3b .Grid current for the amplifier will
be around 3.5 ma. A recheck of the tripler
should show a grid current of 1 ma. and a
cat hode current of 55 to 60 ma.
With a400- volt supply connected to the amplifier and with the dummy load across the
144- Mc, output terminals, 6to 8watts output
should be obtained with an 832A cathode current of approximately 65 ma. Grid current

should be 3 ma. and the screen voltage should
measure 170 volts. A short test for self-oscillation should be made by removing the excitation.
The general method of tuning does not
change when a VFO is used as the frequencycontrol unit. However, it is important that the
oscillator cathode swit eh be closed; otherwise
the oscillator circuit will take off on its own.
It is recommended that. a calibrated wavemeter be used to check the tuning adjustments, particularly those associated with
144- Mc. operation. There are numerous outof- band harmonics from the low- frequency
crystals and the high order of frequency
multiplication. Be careful to choose the proper
harmonics in the first two stages.

eTHE POWER AMPLIFIER
Customary plug-in coil arrangements are
not well adapted to use in high- power 144- Mc.
stages. The lead inductance and parallel capacitance inherent in the best jack bars and
coil bases leave almost nothing for the coil itself, with the result that efficient operation is
all but. impossible. The 144- Me, tank circuit
used here is, however, practically as effective
as if it were designed for one- band operation.
When the amplifier is used on 144 Mc. the
plate circuit operates as a conventional tuned
quarter- wave line. In changing to 50 Mc. it is
merely necessary to remove the shorting bar,
change the grid coil, and plug the 50- Mc.

Fig. 17- 11— Rear view of the 4-65A amplifier, showing the two-band tank circuit set up
for 50- Mc. operation. li.f. input terminals are
on the rear wall to the left and receptacles for
the power leads are to the right. The 10142.11e.
output terminals are on a bracket to the left
of the protective tube. The 30- Mc. output
terminal is mounted dir,,t 1 on the X11-15
socket for the plate coil. 1 plug-in shorting
bar, used across the plate lines at IIt Mc., is
shown in the foreground.

•
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Fig. 17-12 — Circuit &agram of the power amplifier.
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Ci — 6-ppfd.-per-section variable ( Millen 21906D).
C2 — 50-ppfd.-per-section (Bud LC 1662).
— 35-ppfd.-per-section with high-voltage coupling;
see text for information on removing plates.
(National 'FM H -35D.)
Cg, Ca, Cs, Cg — 470-,aufd. midget mica.
CO, C7 — 0.0022-pfd. mica.
Cie — 0.001-pfd. mica.
C11 — 500-mid. 5000-volt mica.
RI— 5000 ohms, 10 watts.
112 — 30,000-ohm 200-watt adjustable: two 100-watt
resistors in series.
Li — 50 Mc.: 5 turns No. 24 tinned, -inch diam.,
turns spaced wire diam.
— 144 Mc.: 1 turn No. 14 wire, hairpin shape,
1Xt inches long, 5
%-inch diam. at open end.
L2 — 50 Mc.: 6 turns each section, No. 20 tinned, ./inch diam. (B & W Miniductor No. 3007). Space
sections 1e inch apart.

coil assembly into the jack bar. Individual antenna coupling adjustments are used, the one
for 144 Mc. being adjustable from the front
panel.
The circuit diagram of the push-pull amplifier is given in Fig. 17-12. Excitation for the
amplifier is link coupled to a conventional
split-stator grid circuit. A 6Y6G protective
tube holds the plate dissipation to asafe level
when the excitation is removed. The tubes
require no neutralization at 50 Mc. At this
frequency the screen grids are by-passed by
condensers Cg and C7. Shielding to prevent external coupling between the grid and the plate
circuit is provided for by an aluminum partition.
On 144 Mc. it is necessary to series-tune the
screens to ground by means of C2, placing
the screens effectively at ground potential.
This is afrequency-sensitive adjustment, however, and the stability of the amplifier should
be checked after making large changes in operating frequency.

— 144 Mc.: Same as 144-Mc. Lt.
NOTE: Li and L2 mounted on National type PB-16
plugs.
L3 — 4 turns of A
1 -inch o.d. copper tubing, 1N-inch
diam., wound in two sections with two turns
each side of center tap and a 34-inch space at
center, turns spaced Ht inch.
— 3 turns No. 12 enam., 1N-inch diam., turns
spaced wire diam.
L6A, L313 —
o.d. copper tubing, 1113‘ inches
long, spaced 1% inches on centers.
Le — 1 turn of 3z-inch copper tubing, hairpin shape,
3inches long, 1.4-inch diam. at open end.
It — 6.3-volt pilot-lamp assembly.
Ji — 4-prong male receptacle.
RFC]. — 1-ph. r.f. choke.
RFC2, RFC3, IRFC4— 7-ph. r.f. choke (Ohntite Z-50).
RFCa —
ri. choke (Ohmite Z-144).
Ti — Filament transformer: 6.3 volts, 8amp.
Construction

The 3 X 7 X 17-inch chassis and the
X 19-inch panel are held together by the
pilot-lamp assembly and three shaft bearings.
The latter are for the 144- Mc. output link and
the tuning condensers for the screen and grid
circuits. The lamp jewel and the three control
knobs may be seen from left to right in the
front view of the complete transmitter.
The rear view of the amplifier, Fig. 17-11,
shows the grid coil mounted on a National
type XB-16 socket to the left of the shield partition. An XB-15 socket is mounted on 3-inch
stand-off insulators between the 4-65A tubes
and the plate tuning condenser. The condenser is mounted on 2M-inch insulators in an
inverted position. The minimum capacitance
of the plate condenser was reduced by removing two stator and two rotor plates from each
section. A feed-through insulator for the highvoltage d.c. lead is mounted directly below
the plate-coil socket.
The 144- Mc. lines are supported by the tun-
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ing condenser and a piece of Weinch polystyapproximately 350 ma. is recommended.
rene. Plate clips for % 6inch caps are reduced
Higher voltages may be used but forced-air
in diameter and used for contact with the rods
cooling of the tubes may be required. The
at the tube and condenser positions. The conamplifier may also be operated efficiently at
denser should have the clips bolted to the leftsupply voltages as low as 600, provided that
hand stator terminals as seen from the rear
the screen is maintained at approximately
view. This will allow the condenser shaft to
250 volts.
be centered on the panel and the connection
At 50 Mc. the amplifier can be tested in the
to the lines will be at a point four inches in
same way as any low-frequency amplifier. The
from the plate ends. Shield braid, M inch wide,
usual test for self-oscillation may be made
is used between the clips at the open ends of
with the filament and plate voltage applied,
the lines and the heat-radiating caps of the
with the excitation removed and with the protubes.
tective tube in place. Proper operation is indiAluminum plates equipped with panel bearcated by the absence of grid-current as the
ings for the control shaft of the 144- Mc, outgrid and the plate tuning condensers are roput link are mounted on the front and the rear
tated. The protective tube should limit the
frames of the plate tuning condenser. The
d.c. input to no more than the maximum plateswinging link is made by twisting the open
dissipation rating. The limiting effect will be
ends of the loop around a 5-inch length of
determined by the supply voltage, but total
jfinch polystyrene rod. The turns around
input should be well below 150 ma. at 1500
the rod should be sborted out by soldering, and
volts or less.
since this operation softens the rod, the link
With the unit described earlier furnishing
and rod will be firmly joined together. A piece
excitation, the grid current for the amplifier
of 3'-inch polystyrene cemented across the
should be approximately 35 ma. before the
closed end of the loop prevents accidental
high voltage is turned on. A 300- watt lamp
contact with the plate lines. A Millen type
coupled to L4 may be used as a dummy load
38602 Quartz Q washer at the rear of the shaft
for the power-output test. A cathode current
and a homemade pulley at the front prevent
of 320 ma. is correct for operation with a
the control shaft from slipping out of the
1000- volt supply, and 310 ma. is correct with
bearings.
1500 volts on the plates. The grid current
The grid tuning condenser is mounted on an
should be at least 25 ma. and the screen poaluminum bracket and the screen condenser is
tential should be about 250 volts when the
supported by metal posts as shown in the botamplifier is fully loaded.
tom view. Copper strip is used for joining the
The amplifier is tested for 144- Mc. operatwo screen prongs of each tube socket and for
tion with the 50- Mc, plate coil removed and
connection to the two variable condensers.
with the shorting bar across the resonant lines.
Each tube has the mica by-pass condensers and
The one addition to the test procedure outa section of the variable screen condenser relined above is adjustment of the screen tuning
turned to a common point on the socket. The
condenser, C2. After applying filament voltage
0.001-pfd. by-pass for the screen-circuit r.f.
and excitation, the condenser is adjusted for
chokes is returned to ground in between the
minimum feed-through as indicated by a
two sockets. The pulley and the dial cord for
sensitive rectifier-type wavemeter coupled to
the swinging link are at the front of the chassis.
the plate lines. A second method is to remove
the excitation, apply the plate voltage and
Testing the Complete Rig
then tune for zero grid current. The setting of
Although the amplifier described may be opthe screen control is very critical, but with
erated at full ratings (540 watts) for c.w. work,
care a position can be found which will hold
it is recommended that the input be kept to
over most of the 144- Mc. band. The most ac400 watts or less when plate modulation is
curate way of setting the adjustment is to try
used. This value includes the power taken by
for a position where maximum grid current
the screen grids. For all-round operation a and minimum plate current occur at the same
power-supply output of 1000 to 1500 volts at
setting of the plate tuning condenser.

Fig. 17-13 — A bottom view of the power
amplifier. Tuning condensers for the grid and
screen circuits are to the left and right of the
shielded tube sockets. The filament transformer is at the upper right-hand end of the
chassis. The two large resistors drop the
voltage to the 4-65A screens.
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A V.H.F. Man's VFO
Though aVFO is considered to be an almost
indispensable part of an amateur station for
lower frequencies, v.h.f. operation is still carried on mainly with crystal control. This is
largely because of the relatively lower occupancy of the v.h.f. bands and the freedom from
interference problems which results. It is also,
in part, the result of the fact that, as we go
higher in frequency, it becomes more difficult
to generate an entirely satisfactory signal by
means other than with crystal control.
With proper attention to the well-known
factors affecting oscillator stability afrequency
coot rol unit for 80-, 40- or 20- meter use can be
built with a minimum of complications, but
many a signal which sounds acceptable on
these frequencies becomes quite fuzzy by the
time it is multiplied to the v.h.f. bands. Even
on 10 meters it is not too easy to obtain apure
d.c. note, especially when the oscillator frequency is modulated for narrow- band FM.
The frequency- control unit described herewith has adegree of frequency stability that is
adequate for the high-order frequency multiplication required in v.h.f. service, and the
design of the audio portion is such that little or
no hum is introduced in the reactance- modulation process. The unit has the reactance- modulator and speech amplifier built in, the gain of
the latter being only just enough to provide
sufficient deviation for 10- meter NFNI. Much
of the hum present on some FM signals conies
from the use of excessive speech gain, or haywire patching systems in order to utilize the
speech equipment in some other portion of the
transmitter.
This unit, shown in Figs. 17-14-17-16, was
designed with the needs of the v.h.f. man in
mind. Since many v.h.f. operators also work on
10 and 11 meters the oscillator tuning range
was extended to include these bands, as well as
2 and 6 meters. The actual output frequency
of the VFO is 6.74 to 9 Mc. Wis designed to

Fig. 17-14 — Panel view of
the v.h.f. VFO with NF111
modulator.

serve as a crystal substitute, and may be
plugged into the crystal socket of any transmitter employing crystals falling within its
tuning range. Thus, though the dial is calibrated only for the bands from 11 to 2 meters,
the unit may be used on 40 or 20, or on portions of the higher v.h.f. bands that are in
harmonic relationship with the output frequency. The output is sufficient so that the
unit may also be used as a driver for a lowpowered amplifier or frequency multiplier
whose grid circuit is on that frequency. It also
includes a reactance modulator and speech
amplifier, providing narrow- band FM on 27
Mc. and higher frequencies with only the
addition of a crystal microphone.
Two 6AG7s are used in the r.f. portion. The
first is an oscillator-doubler employing the
highly-stable Clapp oscillator, the operating
frequency of which is 3370 to 4500 kc., doubling
in the plate circuit. The second is an amplifier
operating on 6.74 to 9 Mc. By means of separate padders switched in by a front-panel
control, a reasonable amount of bandspread
is provided for each of the four bands from 2
to 11 meters. The 50- Mc. band covers 55 divisions on the vernier dial, 144 Mc. is covered in
25 divisions, the 10- meter band occupies 80
divisions, and 11 meters 20 divisions. By
proper setting of the padders the 2- and 11meter ranges can be made to come at the opposite ends of the National MCN dial, leaving
the two other spaces on the dial card for the
10- and 6- meter calibrations.
Frequency modulation is accomplIdied by
means of a reactance modulator and a speech
amplifier, both using 6BA6 miniature tubes.
Deviation of the oscillator frequency is approximately 500 cycles, providing adequate swing
for 10- meter NFM as a result of the eight
times multiplication. A deviation of approximately 10 kc. is possible in the 6- meter band,
and as much as 30 kc. on 2meters. TIti-; greater
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Fig. 17-15 — Circuit diagram of the NFM control unit fo v.h.f. use.
— 35-pufd. variable, double spaced ( Millen 21935).
R7, RI
3 — 0.22 megohm, j,,¡watt.
C2, Ca — 100-sosfd. variable ( Millen 20100).
Rs — 0.5-megohm potentiometer.
C4, C5, C7, C9, CIO — 2-30-ssufd. ceramic trimmer
nil — 0.47 megohm, 5
,
¡watt.
(Millen 27030).
RI2 — 470 ohms, Y¡ watt.
Cs — 33-sosfd. silver mica.
RI4 — 7500 ohms, 10 watts.
C8— 10-pfd. silver mica.
— 24 turns No. 22 tinned wire, diameter 1% inches,
C11, Cl2 — 680-pmfd. silver mica.
length 1% incises ( B & W 80 JCL with 18 turns
C12 — 613-add. silver mica.
removed).
CI4, C15, C17, C18, C19, C21, C22, C23, C24, C27 — 0.01-ssfd.
L2,
L3
— 14 turns No. 24 e. wire, diameter 1 inch,
400-volt paper.
length h inch; wound on Millen 45000 form.
C16, C29 — 100 sed. mica.
C2s, C26 — 47-sosfd. mica.
L4— 3turns No. 24 e., close-wound at bottom end of La.
Rs, R9 — 0.1 megohm,
watt.
Ji, J2 — Coaxial-cable jack (Jones S-101).
112, Rio — 10,000 ohms, ji watt.
RFC', RFC3 — 2.5-mh. r.f. choke ( Millen 34100).
Ra — 47 ohms, h watt.
RFC2 — 300-jsh. r.f. choke ( Millen 34300).
R4 — 330 ohms, 1watt.
Si — 4-position progressive-shorting switch (Centra Rs — 15,000 ohms, 2watts.
lab GG modified; see text).
R6 — 1megohm, h watt.
S2 — S.p.s.t. toggle switch.

swing is useful on 144 Mc., where a considerable number of relatively- broad receivers is
in use. The deviation is controllable to any
required value below this, by means of the
potentiometer, Rg. A switch is provided in
the heater circuit of the speech section (S2)
so that this portion of the unit can be cut off
when c.w. or amplitude modulation is being
used. As operation of this switch affects the
oscillator frequency appreciably it is usually
preferable to leave the speech-section heaters
on at all times, using the deviation control at
its off position when emissions other than
NFM are being used.
The arrangement of the parts should be
clear from the photographs. The top view,
Fig. 17-14, shows the microphone jack and

heater switch at the right end of the panel. The
deviation control, bandswitch, oscillator- plate
and amplifier-plate tuning controls are in line
across the bottom of the panel. The oscillator
frequency setting is controlled by the vernier
dial. Looking at the top of the chassis the two
6AG7s may be seen to the left of the tuning
condenser, the first being the oscillator tube.
The oscillator tank coil, LI, is mounted on
stand-offs, just in back of the 6A G7s. Two metal
brackets are used to mount the tuning condenser, which should be the double-ended
variety for greatest mechanical stability.
The reactance- modulator and speech-amplifier
tubes are at the right of the tuning condenser,
with the regulator at the rear. The chassis is a
standard 3 X 5 X 10-inch size and the panel is
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6by 11 inches. A 5 X 10-inch aluminum plate,
with clearance holes for the trimmer adjustments, is attached to the bottom of the chassis.
The arrangement of components under the
chassis is apparent from the bottom view,
Fig. 17-16. The bandswitch and associated
padders are at the middle, with the oscillator
plate coil. The amplifier plate coil is at the left.
The padder condensers are mounted with their
grounded terminals soldered to metal pillars,
in order to reduce sensitivity to vibration to a
minimum.
The bandswitch requires some modification.
In its original form it has a disk which shorts
out all unused contacts. This disk must be cut
through the center so that one half may be
removed. As may be seen from the wiring
diagram, Fig. 17-15, the connection between the
oscillator coil and the switch is made to Number 1 terminal, rather than to the regular
wiper contact.
The power supply for the VFO should be
well filtered and capable of delivering 300 volts
d.c. at 60 to 70 ma., and 6.3 volts a.c. at 1.9
amp. Socket voltage measurements are approximately as follows: 20 volts on the audiotube screens, 150 volts on the 6AG7 screens,
40 and 150 volts, respectively, on the speechamplifier and reactance- modulator plates, and
300 volts on the 6AG7 plates. Cathode current
for the oscillator should be about 10 ma., and
the output stage, at resonance, 30 ma.
Calibration and Use
Calibration of the VFO dial can be accomplished with the aid of a receiver having an
accurate dial calibration, as the readings on
the VFO dial should not be relied upon for
band-edge operation. The 50- Mc. range, requiring the least padder capacitance, should be
calibrated first. Padders Cg and C10 set at
nearly full capacitance will provide the correct
tuning range, which should be approximately
55 divisions spread over the middle of the dial
scale. The 144-, 28- and 27- Mc. ranges should
be calibrated in that order, their spread on the
dial being approximately 25, 80 and 20 divisions respectively. If the NFM portion of the
unit is to be used extensively it is recommended that the calibration procedure be carried out with the reactance- modulator heater on, as this tube
affects the calibration appreciably.

Fig. 17-16 — Bottom view of
the VFO.
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When adjusting the plate circuits of the
oscillator and amplifier stages it is recommended that the approximate settings of these
controls for the middle of the band in question
be marked on the panel. It will : hen not
normally be necessary to readjust these controls when shifting frequency within a band.
This broad-band effect is accomplished by
slightly overdriving the amplifier tube at the
center frequency, causing the screen voltage to
drop and reduce the output. Tuning away from
the center frequency reduces the drive and allows the screen voltage and output to rise.
More than enough output is thus obtainable
over the entire band, without too great avariation for proper operation of the succeeding
stage. Two 250- ma. pilot lamps ir. parallel
make a satisfactory dummy load for the
amplifier.
Next the operation of the reactance modulator should be checked. The procedure for this
operation is described in detail in Chapter
Nine. It should also be pointed out that there is
no excuse for radiation of an improperly- modulated FM signal, since it can be monitored
readily in one's own receiver. With the receiver
in operation on the band in which the transmitter is to be used, but with only the VFO
turned on, it is a simple matter to tell exactly
how the signal will sound on the air. Deviation
requirements vary with different receivers, but
asafe starting point is to set the deviation control so that the signal sounds well on a communications receiver with the crystal filter in
the broadest " on" position.
Ordinarily aunit of this type may be used to
replace the crystal stage of an existing transmitter by simply plugging it into the crystal
socket. The output coupling is alow-impedance
line, however, and it may be connected to a
link winding on the grid coil of any low-power
stage whose tuning range is 7 to 9 Mc. Although it is shown calibrated only for the
frequencies above 27 Mc., it may be used as a
c.w. exciter for 7- or 14- Mc. work. The deviation may, however, be insufficient for 20meter NFM operation. Output, at 7to 9 Mc.,
is about three watts.
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Transmitter-Exciters for 50 and 144 Mc.

The units shown in Figs. 17-17 through 17-22
are designed to serve several purposes. They may
be used individually or together, depending upon
whether the builder wishes to operate on both 50
and 144 Mc. or on either band alone. They may
serve as complete transmitters for either mobile
or home-station service, or they may be used as
exciters for driving higher powered stages. The
dual tetrode amplifier of Fig. 17-23 would be a
suitable following stage for up to 100 watts input.
Overtone oscillator circuits are employed in the
interest of low power consumption, circuit simplicity and ease of TV! prevention. Power wiring
is done with shielded wire, and the physical
arrangement of the parts is such that nearly complete shielding is obtained. If further enclosure is
needed to prevent TVI it is merely necessary to
cover the top of the unit. Power output is taken
off by means of coaxial fittings, for convenience
in mobile operation, and for complete shielding.
The two units are as similar, both mechanically
and electrically, as possible. Both are built entirely on their 5X 10-inch sheet aluminum top
plates. These are screwed onto inverted 3X 5X
10-inch steel or aluminum chassis. Both use a
12AIJ7 dual triode as oscillator and frequency
multiplier, with a 2E26 final amplifier. The 144Mc. unit has a 5763 doubler stage between the
12AU7 and the 2E26, and the operating conditions of the stages vary somewhat.
The necessary driving power for the final is
more readily obtained on 50 Mc., so the oscillatormultiplier is set up to run at lower input. Inductive neutralization (
L4 and L5 in Fig. 17-19) was
used to stabilize the 50- Me, unit, whereas asmall
capacitance accomplishes the sanie end in the
144- Mc. amplifier. An end-linked tank circuit
works well on 50 Mc., but a balanced tank with
miter link is more satisfactory for 144 Mc.
Both transmitters are set up to permit complete metering of all stages. Looking at the male
chassis fittings in the schematic diagrams, it may
be seen that each grid return, screen and plate
lead is brought out to aseparate pin. It is helpful
during the adjustment of the rigs to be able to
meter each stage without breaking into the main

wiring. This is done by connecting ameter temporarily between the proper power plug pins. After
adjustment is completed the meter can be replaced with a jumper in the plug. The exciter
stages require 250 to 300 volts. The amplifier may
be operated at the same level, or if more power
is wanted the final plate voltage may be raised
to 400 volts.
Adjustment and Operation
With either rig the oscillator stage should be
checked first. This should be done with 150 to
200 volts until correct operation is established,
and with no voltage on the following stages.
Proper operation of the oscillator depends on the
amount of feedback, which can be adjusted by
varying the position of L2 with respect to LI,or
by changing the number of turns in either winding. For best mechanical stability, the two coils
are made from asingle piece of B & W Miniductor,
breaking the wire to give the specified number of
turns in each winding. Because the characteristics
of tubes and crystals vary somewhat, it is well to
start with at least one extra turn on each winding.
The feedback should be only enough to insure
easy starting of the oscillator under load. Adjustments should be made with the grid circuit of
the following stage completed, with a low-range
milliammeter connected to the proper terminals
on the plug to read grid current. Oscillation will
be evidenced by the sudden appearance of grid
current as C1is rotated. If the feedback is correct,
this will occur at only a small portion of the
tuning range of C1.Listen to the oscillation at
24 or 25 Mc. It should vary only slightly in frequency, if at all, as CI is tuned. If the frequency
changes gradually across the tuning range the
oscillator is not crystal eontrolled, and too much
feedback is indicated. Remove a turn at a time
from L2 until only crystal-controlled oscillation
remains. If there is insufficient feedback there will
be no oscillation. Feedback can be increased by
removing turns from LI,or adding turns to L2.If
several crystals are available, try to find amedian
setting that will work with all of them.
Crystals may be the overtone variety, marked

•
Fig. 17-17 — A 25-watt transmitter
or exciter for 50 Mc. Oscillator and
doubler are tuned by screwdriver
adjustments at lower left and center
of top plate. 'I'he amplifier control
is the knob at the right. The 11-pin
power fitting is at the center, rear,
and the antenna output fitting is in
the upper right.

•
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•
Fig. 17-18— Bottom view of the
50- Mc. transmitter-exciter. Oscillator, doubler and final circuits are
from left to right. The power fitting
at the left should be disregarded -see text and Fig. 17-19. Note the
inductive neutralization link between
L3 and L4. Di.regard the power fitting at the louer left and follow Fig.
17-19 for power connections.

•
for frequencies between 24 and 27 Mc., or they
may be fundamental-type cuts for 8 to 9 Mc.,
working on their third overtone. Much less feedback is needed for overtone crystals ordinarily,
and if they are to be used exclusively Ls may be
reduced to as little as three turns. If difficulty
with starting under load is encountered, the size
of the coupling capacitor, Cs, can be reduced, and
it may be advantageous to connect an r.f. choke
between Pin 2 of the frequency multiplier and
the grid leak, Rs.

OSCILLATOR

To Mer or
Pin It
To Meter
or Pin 3
. To 300
to400V.
Modulated
T°
63 M

DOUBLER

AMPLIFIER

To Meter
of Pi ni
To Meter
or 1%0
To Meter
or Pin I
+ 250
to 3009.
Fig. 17-19 — Schematic diagram and parts list for the 50- Mc, transmitter exciter.

CI— 50-pedd. trimmer (Millen 26050 LN).
C2, Ca, C7, CO— 0.001-pfd. disc ceramic.
C3,CO— 50-mmfd. ceramic.
— 25-µpfd. trimmer ( National ISR-25).
Cs — 20-mafd. double-spaced shaft-type trimmer (Millen 20920).
— 39,000 ohms, A watt.
114 — 470 ohms,
watt.
— 100,000 ohms, A watt.
— 68,000 ohms, 32 watt.
— 30,000 ohms, 3 watts. (3 10,000-ohm 1-watt resistors in series. May be reduced in resistance
and wattage for 300-volt operation.)
Li — 9 turns No. 20, M-inch diam., 9e inch long
(B & W Miniductor No. 3003).
IIi
132,
113
lIa
Ile

The second half of the 12AU7 is operated as a
doubler to 50 Mc. in the unit for that band, and
as a tripler to 72 Me. in the 144- Mc, model. It
has no unusual features in either case. The amplifier is so easy to drive on 50 Mc. that input to
both the oscillator and doubler stages can be kept
at quite low level — not more than about 10 ma.
plate current for each section. In the 144- Mc, unit
the current drains will run about 12 to 15 ma. for
each stage. Grid current should be 1ma. or more
in either case.

L2 — 4turns No. 20, 3/2inch diam., 3 inch long. Li and
L2are made from asingle piece of B & W Miniductor No. 3003, 13 turns total. See text and
Fig. 17-18.
La — 5 turns No. 20, q-incli diam., rile inch Jong
(11 & W No. 3003).
LO— 1-turn neutralizing loops connected by link,
No. 14 enam. See Fig. 17-18.
L6 — 5 turns No. 16, 1-inch Siam., 1X inch Jong
(11 & W No. 3013).
1.7 — 3 turns No. 14 citant.,
diam-, inside cold
end of Le.
.11 — Coaxial output fitting.
— 11-pin male chassis fitting (Amplienol 86RCP11).
RFC' — 1-mh. r.f. choke (National R-50).
RFC — 2.5-mh. r.f. choke ( National R-100).
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•
Fig. 17-20 — Top view of the 25.
watt 144-N1c. transmitter. Layout
is similar to the 50- Me. model, except for the additional doubler stage
and the mounting of the final tank
circuit above the chassis.

The 5763 doubler stage in the 2-meter unit is
of conventional design. Care must be taken in
layout to keep down lead inductance. Note that
the lead from the plate to the tuning condenser
is made of quarter-inch wide copper strip.
Because of the difference in layouts required
for the two frequencies, the two amplifiers operate somewhat differently. The 50- Me, unit has
the final tank coil and antenna coupling underneath the chassis. There is thus more feedback,
and neutralization was needed. This is furnished
by the link that may be seen in the Ii t
tom view,
Fig. 17-18. A loop of No. 14 enamuled wire is
24 Slc.

OSC.

TRIPLER

mounted on standoffs, with one turn coupled to
and the other end to L6. The position of the
coupling loop at either end is adjusted for neutralization in the same way as for capacitively
neutralized amplifiers. The loop ( L5)is in between
the second and third turns of L6, with the antenna
coupling coil below. Slight variations in layout
may eliminate the need for neutralization, so the
amplifier operation should be checked without it
at first.
In order to shorten the plate lead, the plate
circuit of the 2-meter unit was mounted above the
chassis. This permits use of a balanced tank cirL3

DOUBLER

72 Mc.

AMPLIFIER

144 Mc.

144 Mc.

c,

LS

›..RFC 4
To Meter
or Pin II

To Meter
or Pin I To Meter
or Pin 11

To Meter
or Pin 3

T Meter
o
o
rPiel
To Meter
or Pin 11

To 300
to 400V.
Modulated

To Meter
or Pin 1

6.3V.

.9

10

9
11

1
.

44,

3
2

12 AU 7

4

(\ Is

5763

4r

\

2E26

es

7

\

7

+250
to 300V. ="-Fig. 17 21

— Schematic diagram of the 111- Me. transmitter. Bottom views of both power plug and socket are shown.

Ci — 50-aafd. trimmer ( National PSR-50).
C2, Ca, C7, Ca, CIO, Cis, C14, C18 — 0.001-mfd. disc
ceramic.
Cs, Cg — 25- gg fd. ceramic.
C4 — 25-umfd. trimmer (National PSR-25).
Cg — 10-pad. double-spaced trimmer ( Millen 26920
cut down to 2 rotor and 3 stator plates).
C12 — 10-gmfd. ceramic.
Cts — 10-ggfd. per section butterfly (Johnson 101.1115).
RI — 10,000 ohms, 1watt.
R2, 104 — 470 ohms, l4 watt.
103 — 100,000 ohms, 4 watt.
Rs — 68,000 ohms, /
12 watt.
Its — 1:4000 ohms,
watt.
R7 — 22,000 ohms, !,,2
.watt.

Rs — 22,000 ohms, 1watt. Make like Rs in Fig. 17-19
if using more than 300 volt plate supply.
Li, L2 — Similar to Fig. 17-19.
La — 4 turns No. 18,
diam., % inch long
(B & W No. 3002).
— 4 turns No. 11, Vt.inch diam., % inch long.
La — 6 turns No. 11, 3 turns each side of center spaced
diameter of wire, %-inch diam., 3-inch space at
center of Le.
Ls — 2 turns No. 14 enam., %-inch diam.
Ji — Coaxial output fitting.
.1Ia — 11-prong male chassis fitting (Amphenol 86
11CP11).
RFC' — 7-uh. r.f. choke (Ohmite Z-50).
RFC2, 11FC3, RFC4 —
r.f. choke (
Ohmite Z-144).
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Fig. 17-22 — Under-chassis view of
the 144- Me. transmitter-. Oscillator,
tripler and doubler tuned circuits are
from left to right.

cuit and practically eliminates the need for neutralization. To make up the difference in capacitance on the two sides of the circuit, a lead
from the low side is run through achassis bushing
to just below the chassis level. If there is instability, the length of the lead below the chassis can
be varied to effect neutralization. Contact is made
to the 2E26 metal ring externally by means of a
spring clip mounted under one of the socketmounting screws. This contributes to more stable
operation of the amplifier, though connection is
made to the ring internally through Pin 8. Shielding may or may not be necessary on the 5763.
Operation of the tube without a complete shield
results in more effective cooling, and is recommended if possible.
Operating conditions for the various stages
follow the tube manufacturer's recommendations
closely. If more or less input to the final stage is

desired it rail be controlled by variation of the
screen voltage, with asmaller or larger dropping
resistor value.
If both transmitters are to be used, their operation may be controlled by an external switch that
furnishes heater voltage to the unit desired at
the moment. Plate voltages may be left connected to both units in this case, as only the one
whose heaters are energized will draw current.
Loading on the amplifier is varied by adjusting
the position of the output coupling winding. In
some cases the insertion of a series tuning condenser between the coupling loop and ground
may be desirable. Power output will be about 15
watts maximum on 50 Mc. and about 10 watts
for the 144- Mc. unit. If the plug connections
given in the schematic diagrams are followed it
will be possible to interchange the two power
plugs without affecting the operation of the rigs.

A 100-Watt R.F. Amplifier for 50 and 144 Mc.
The r.f. amplifier shown in Figs. 17-23, 17-24
and 17-25 is designed for use with a dual beam
tetrode such as the 829B or AX-9903. It is capable of handling an input of up to 120 watts on
c.w. or f.m. and about 100 watts on a.m. ' phone.
The driver stage should have an output of 5
watts or more, to assure adequate driving power.
The same general layout may be used with an
832A or 815, if a suitable value of grid resistor
is used. The 815 also requires adifferent socket.
The amplifier is built on an aluminum chassis
3 by 4 by 17 inches in size, with practically all
components mounted topside. The two-band

Fig. 17-23 — A dual-tetrode amplifier for 50 and 144 Mc., with
50- Mc, coils in place. In the foreground are the 144- Mr, grid coil
and the antenna coupling loop
used for 144- Mc. operation.

tank circuit described in Fig. 17-3 is used, to facilitate easy band changing and assure efficient
operation on 144 Mc. Only the plate circuit is
tuned. The grid coils are made to resonate with
the input capacitance of the tube. The plate
tuning condenser is cut down to a capacitance
suitable for 144-Mc. used by removing plates,
leaving two stator and three rotor plates in each
section. The two stator plates left are those on
either side of the stator connection lug. One rotor
plate is removed from each end of the shaft and
four from the middle.
The tube socket is mounted on a bracket 3%
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inches high, with the tube centered 2 inches above the chassis. The tuning condenser and
coil socket are also mounted on
brackets, the former 2% inches
high. Both brackets have Ushaped cutouts to pass the plate
lines with at least % 6 inch clearance all around.
The plate lines are 5 inches
long, exclusive of the flexible
portion at the plate end. This is
of tinned braid, making 1%
inches additional, from the end
of the lines to the slip-on connecFig. 17-24 — Schematic diagram of the two- band tetrode amplifier.
tors. The flexible portion of the CI, C2 — Neutralizing capacitors, see text.
line is made fast by inserting the C3, C4 — 0.001-dd. disc ceramic.
end of the braid in the tubing and C5 — Split-stator variable, approx. 15ppfd. per section ( Millen 24935 with
2stator and 3rotor plates removed from each section).
crimping the tubing in a vise.
Cs — 0.001-gfd. mica, 1200-volt rating.
The connection is soldered for
— 50 Mc.: 3turns No. 18, 1WIinch dia., turns spaced wire dia.
added firmness, but the tubing
144 Mc.: U-shaped loop 32 inch wide and 1% inch long, No. 14
tinned.
should be squeezed tight enough
L2 — 50 Mc.: 2turns each side of LI, same dia, and spacing, center tapped.
to hold the braid in place, as long
Can be made by removing one turn from each end of aNational
periods of operation may heat the
AR- 16 10-S assembly.
144 Mc.: U-shaped loop similar to Li, but center tapped. See Fig.
line sufficiently to loosen soldered
17-23.
connections. Connections from
L3 — 3turns each side of center, No. 12 tinned, 1inch dia., spaced Idia.,
the lines to the tuning condenser
center tapped. Leave *linch space for LS.
are made by wrapping the tubing
Ls — 3turns No. 14 enamel, 1-inch dia. spaced 1dia.
Las, 1.51, — 3-inch o.d. copper tubing, 53x2 inches long, spaced :
RI
'inch on
with four turns of tinned wire and
centers.
soldering this wrap to the line
Ls — Hairpin coupling loop 3,4 inches long, 9 inch wide, No. 12 enamel.
and the condenser tab. The far Ji, J2 — Closed-circuit jack.
end of the line is mounted on 2- J3 — Male a.c. connector.
RFC' —
r.f. choke (Ohmite Z-50).
inch standoffs and small copper
It FC2 —
r.f. choke (Ohmite Z-144).
brackets, bringing the over-all
— Filament transformer, 6.3 volts, 3amp.
height to 2M inches.
R1 — 4700 ohms, 1watt.
112 — 10,000 ohms, 10 watts.
The spacing of the lines, %
3
inch center to center, is deterinput capacitance of the 829B is high enough so
mined by the spacing of the pins of the Millen
that it may be impossible to resonate the grid
37212 plug used for a shorting bar. A short is
circuit at 148 Mc., if appreciable lead length or
placed across the terminals of the plug, and
stray capacitance is introduced. If an 832A or
connection is made for the B-plus with aflexible
AX-9903 is used the grid coil will be somewhat
larger than that specified, and neutralization may
not be needed.
Neutralization is accomplished, when required,
by means of leads brought through the bracket,
adjacent to the tube plates. These are crossed
over to the opposite grids at the socket. Feedthrough bushings are used and soldering lugs are
attached to the bushings to provide the neutralizing capacitance. If more is needed these can be
replaced with small tabs of sheet copper.
There may be a slight change in neutralizing
Fig. 17-25 — Bottom view of the tetrode amplifier.
capacitance needed for the two bands. As neulead. The Millen 37211 socket, mounted at the
tralization is inclined to be more critical at the
end of the chassis, serves as a convenient storhigher frequency, the adjustment should be
made carefully on 144 Mc. This same setting may
age device for the plug and as a terminal strip
for RFC2. The plug may be used to adjust the
be satisfactory for 50- Mc operation as well.
line length; sliding it into or out of the line perThe plug-in coils are mounted on National
mits an adjustment of about Yi inch in over-all
PI3-16 bases, fitting XB-16 sockets. When the
length. This may be useful in counteracting for
stage is used on 144 Mc. the coupling is by means
of ahairpin loop which plugs into the coil socket.
slight variations in tube characteristics.
The grid coil socket is mounted on aplate held
The r.f. output is thus fed down to a crystal
socket on the back of the chassis, for either band.
in position by the screws on which the tube
A similar crystal socket is used for the r.f. input,
socket is mounted. It is positioned for minimum
lead length — an important consideration. The
at the tube end of the chassis.
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Crystal Control on 220 Mc.
Construction of a multistage transmitter for
the 220- Mc. band is not as difficult as might
be imagined, and the serious worker on this
frequency will find the use of crystal control
or its equivalent highly worth while. Fortunately the crystals used are also usable on 144
Mc., cutting down the total cost of building
equipment for both bands, if the crystal
frequencies are selected with this use in mind.
The transmitter-exciter shown in Figs.
17-26, 17-27 and 17-28 employs either 8- or
12- Me, crystals, and if they are between 8148
and 8222 or 12,223 and 12,333 kc. they may
also be used for operation in the upper portion of the 144- Mc. band. By using miniature
tubes and components, and by arranging the
parts for minimum lead length, efficient operation on 220 Mc. is obtained, with a simplicity
of construction that puts the equipment well
within the capabilities of the average experienced amateur.
Four 6J6 dual triodes are used. The first
works as a triode oscillator and frequency
multiplier, the second section doubling or
tripling, depending upon which type of crystal
is employed. Tuning is less critical, and the
various stages operate somewhat more efficiently with 12- Mc, crystals, but 8- Mc. crystals may also be used. The next two stages are
push-pull triplers, and the output stage is a
neutralized amplifier. Capacitive coupling is
used between stages. The chassis is 2 inches
wide, 2 inches high, and 12 inches long, with
%-inch edges folded over. It may be made
from a piece of sheet aluminum 7A
1
by 12
inches in size. The first tube socket is VA
inches in from the left end and the other
sockets are spaced along the chassis, 2%
inches center to center. The tuning condensers
are spaced equally between the sockets, the
last two, C13 and C17, being mounted on the
top surface of the chassis for minimum lead
length and symmetrical layout. Pin jacks,
labeled a and bon the schematic diagram, are

Fig. 17-26— Front view of the 220- Mc.
transmitter-exciter. Across the front of
the chassis are the oscillator plate-coil
adjustment, crystal, multiplier-coil adjustment, first tripler plate condenser,
and tip jacks for final cathode metering.
Second tripler and final plate condensers
are mounted on the top portion of the
chassie. Output terminals are at the far
right.

mounted on the front wall of the chassis and
may be used for metering or keying of the
output stage.
Initial Adjustments
Meter jacks for the individual stages were
not considered necessary, as there will normally be few occasions for shifting frequency
and retuning, once the initial adjustment of
the exciter is completed. For these first measurements the various circuits may be opened
and tests made with a portable meter.
With a meter in series with R2, set the core
in L1 at an intermediate position and adjust
C2 for oscillation, as indicated by a dip in
plate current to about 10 ma. The frequency
and note should be checked in a communications receiver, making sure that the oscillation
is controlled by the crystal. Next, insert the
meter in series with R4 and tune at for a dip
at the proper frequency, which should be between 24.5 and 25 Mc. Adjustment of the
multiplier tuning may be critical, if fundamental-type crystals are used, the crystal tending
to " pop out" when C4 is tuned on the nose.
With " overtone" or harmonic-type crystals
this trouble will not be in evidence, and the
setting of C4 (
or the core in L2) will not be
fussy. Adjustment should be for maximum
grid current in the second 6J6.
Adjustment of the push-pull tripler stages is
merely a matter of resonating the nircuits for
maximum output as indicated by the grid
current in the succeeding stage, being certain
that the stages are tripling and not quintupling, which they will also do with fair efficiency. Each stage has cathode bias to prevent
damaging the tubes during the adjustment
period. Input to each will run about 25 ma.
at 200 volts, when operating correctly.
Neutralization of the output stage is accomplished in the customary manner, except
that the neutralizing capacitors are made
from short lengths of 75-ohm Twin- Lead.
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Fig. 17-27— Schematic diagram of the 6.16 transmitter.
exciter for 220 Mc.

Ci, C7 — 68O- pfd. mica.
C2, Ct — 3-30-add. mica trimmer.
Ca— 68-pafd. mica.
C5, Ce — 47-mafd. mica.
Cs, C12 — 330-upfd. mica.
C3, C13 — 2.7-8.5-add. midget butterfly variable
(Johnson 160-208).
Cto, C11, C14, C15 — 50-µµfd. ceramic ( National X LA-C).
C16 — 200- Hufd. ceramic.
C17 — 1.7-3.3-pmfd. midget butterfly variable (Johnson
160-203).
C26, Cts2 — Neutralizing capacitors made of 75-ohm
Twin-Lead: see text.
111, R3 — 6800 ohms, % watt.
R2 — 470 ohms, % watt.
114— 3900 ohms, 1watt.
113, Re, 11g, Rio — 22,000 ohms, % watt.
112, Ru, 1113— 470 ohms, 1watt.

Rs, 1112, 1114 — 1500 ohms, 1watt.
Li — 34 turns No. 28 d.s.c., close- wound on National
X11-50 slug-tuned form, center-tapped.
L2 — 12 turns No. 24 d.s.c., close-wound on National
X11-50 slug- tuned form, center-tapped.
L3 — 7 turns No. 16 enamel, 5 (
4inch inside diameter,
spaced wire diameter, center-tapped.
L9 — 2 turns No. 16 enamel, 3 inch inside diameter,
spaced 4 inch, renter-tapped.
L5 — 1,% turns No. 12 enamel, ,iinch inside diameter,
center-tapped. Space turns about 91e inch apart.
Coil 1% inches long over all. See bottom-view
photograph.
Ls — Hairpin loop No. 16 enamel inserted between
turns of L5.
RFC' — 250-ahy. r.L choke ( Millen 34300).
RFC, RFC3— Solenoid v.h.f. choke — No. 28 d.s.c.
wire wound on 1
,-.watt carbon resistor, .1/5 -inch
diameter, rtte inch long.

Starting with sections about two inches long,
they should be trimmed a small amount at a
time until tuning the final plate through
resonance ( with plate voltage removed) causes
no downward kick in grid current.

or the final 6J6 may be modulated and the
unit operated as a complete low- powered
transmitter.
The sanie general arrangement described
above may be used to get to 220 Mc. with
three tubes instead of four, if the regenerative
harmonic-oscillator circuit shown in Fig. 17-1
is used to replace the more conventional crystal
oscillator circuit of Fig. 17-27. An 8.3- Mc.
crystal is then made to oscillate on 25 Mc. in
the first 6J6 section. The second section triples
to 75 Mc. The rest of the unit, from L3 on, is
the same as in Fig. 17-27. It is suggested that
the description of the 6- and 2- meter transmitters of Figs. 17-17 through 17-22 be studied
carefully before this substitution is attempted.

Performance

With the voltages shown. t
he output on
220 Mc. will be about 2watts, as indicated by
a full- brilliance indication in a Number 46
(blue bead) pilot lamp. More output can be
obtained by increasing the voltage above 200,
but the increase is seldom worth the extra
strain on the tubes. Operated as shown, the
rig will give ample output to drive an 832
amplifier which will deliver about 12 watts,

•

Fig. 17-28 — Bottom
view of the 6J6 220.
Mc. rig, showing the
simplicity of the layout.
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Transmitting Equipment for 420 Mc.
As on lower frequencies, best results will be
obtained in 420-Mc. work if the narrowest practical passband is used in the receiver. This dictates the use of stabilized transmitters, if the full
possibilities of the 420- Mc, band are to be realized. The band is 30 megacycles wide, however,
so there is plenty of room for the use of simple
rigs and broadband receivers, both of which may
be entirely adequate for short-distance experimental work.
Many descriptions of equipment in this category have appeared in QST in recent years. A
bibliography at the end of this chapter lists these
and various articles dealing with the conversion
of war-surplus equipment for 420-Mc. use, as
well as articles on more advanced equipment.
Segregation of narrow and wideband techniques
within the band appears desirable, however, and
it is suggested that use of the 420-Mc. band be
apportioned as follows:
420 to 432 Mc. — Modulated oscillators and
wideband f.m.
432 to 436 Mc. — Crystal control a.m., c.w. and
narrowband f.m.
436 to 450 Mc. — Amateur television.

•A SIMPLE LOW- POWERED
TRANSMITTER

The transmitter shown in Figs. 17-29 through
17-32 is typical of the sort of thing that can be
used to good advantage in developing local aetivity on 420 Mc. It runs only afew watts input,
and delivers only about one watt of output, but
it is quite capable of working over a radius of
several miles when used with a good ant,nna

Fig. 17-29— A 420- Mc. transmitter
built in two units. The modulator
portion, on a7 X 7 X 2-inch chassis,
uses a 6C4 driving a 6AQ5 modulator. The oscillator uses a 6J6 and is
assembled on a removable trough.
shaped chassis.

Fig. 17-30 — Bottom view of the oscillator assembly
The trough in which the components are mounted is
made of flashing copper. It is 6 inches long, 1743 inches
high, and 2% inches wide, with %-incli edges folded
over for sliding into aclip attached to the main chassis.

system. A single 6J6 is used as a puFhpull oscillator, with a halfwave line in its 'Ante circuit.
The complete oscillator assembly is built in a
trough made of flashing copper. The 6AQ5 modulator and 6C4 speech amplifier are on the main
chassis, at the back of which is acopper clip into
which the oscillator unit is fitted. This arrangement permits experimenting with different types
of r.f. sections without the necessity of making
changes in the audio portion of the rig.
Only three adjustments are necessary in placing the unit into operation. The frequency should
be checked with Lecher wires or a calibrated
wavemeter, setting the frequency near the middle
of the band. The method of determining the
proper point for feeding the B-plus to the line is
discussed earlier in this chapter. When this is
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Fig. 17-31 — Schematic diagram of the 420- Me. transmitter.
C1,
C2
Ca
C5

C4 — 10-afd. 25-volt electrolytic.
— 8-afd. 450-% olt electrolytic:
— 0.01-afd. tubular.
— Miniature split-stator variable, 4µdd, per section.
(Millen 219121), with one rotor plate removed
from each section.)
Ri— 470 ohms, 1watt.
112 — 0.33 megolim, ,!/2"watt.
Ra, R4 — 5000 ohms, 5 watts.
Rs — 0.47 megohm,
watt.
Ro— 680 ohms, 1watt.
R7, Rs — 100 ohms, 3z watt, carbon.

lis — 2700 ohms, 3/2'watt.
1. 1 — NI idget filter choke.
1.2 — Plate line made of two pieces of No. 12 wire, 43%t
inches long,
inch apart, center to center.
L3 — Hairpin of No. 18 wire. Portion which couples to
L2 is about 9,,g inch long. Position should be
adjusted for maximum transfer of power to
antenna.
JI• J2 — Closed-circuit jack.
RFC', 11FC2 — 12 turns No. 20 enameled wire, Ho-inch
diam., 3,4 inch long.
T1— Single- button microphone transformer.

done the coupling loop should be adjusted for
maximum power in the antenna and the transmitter is ready for use. Frequency checks should be
made again, after the antenna is connected to be
sure that the signal radiated is well inside the
band limits.

frequency multipliers. The 6.16 will deliver asmall
amount of power as a tripler, and more can be
obtained with a pair connected in pushpullparallel.
Of the tetrodes, the 832A and AX9903 are most
used in 420-Mc, frequency multipliers and amplifiers. One of these tubes as apushpull tripler from
144 to 432 Mc. will drive another as a 432- Mc.
amplifier. The 832A will give about 2and 5watts,
while the AX9903 delivers 10 and 25 watts, respectively, in these applications. The 5675, 2C43,
2C39 and 4X150A are typical of the special u.h.f.
tubes that are capable of high-efficiency opera-

•

AMPLIFIERS AND

FREQUENCY

MULTIPLIERS

Not many preset I1I \ ailable tubes work
satisfactorily above 400 Mc. The 316A, 703A,
15E, 8012 and 8025, all triodes, work fairly well
as oscillators, but are relatively ineffective as

Fig. 17-32 — Bottom view
of the main chassis of
the 420- Me. transmitter,
showing audio components.

•

411

V.H.F. TRANSMITTERS

Fig. 17-33 — A tripleramplifier for 420 Mc.
Using two dual tetrodes, one as a tripler
from 144 Mc, and the
second as a straight.
through amplifier, this
unit delivers 25 watts
output on 432 Mc.
It can be driven by
any 144- Mc, exciter
having an output of 8
watts or more.

•
tion, but their use involves the employment of
special tank circuits and forced-air cooling.
The tripleramplifier of Fig. 17-33 uses two
AX9903s to deliver 25 to 30 watts output, when
driven by a 144-Me, exciter of about 10 watts
output or more. Halfwave lines are used in all the
432- Me, tank circuits, with aself-resonant coil in
the grid circuit of the tripler. Coupling between
the two stages is accomplished by placing the
grid line close to the tripler plate circuit.
The point of connection for the plate voltage
should be checked to be sure that it is at the
minimum r.f. voltage point. A pencil lead may be
touched along the line until the smallest effect on
the output is observed. Initially, the plate voltage
may be fed into the line at apoint just toward the
tube end from the center.
The position of the grid lines, L4, is quite

critical and must be adjusted carefully if maximum grid drive is to be obtained. Move the copper strips asmall amount at atime, readjusting
Ci meanwhile, until at least 5ma. _of grid current
is obtained. More may be used if obtaiiable. The
grid circuit r.f. chokes are connected directly to
the tube socket terminals, the input capacitance
of the tube being high enough so that the nodal
point is within the tube itself. Great care should
be taken to see that the plate and grid lines do not
come in contact with each other in the course of
adjusting the coupling. This may be prevented by
inserting thin sheets of mica or tefion between the
plate and grid lines. Polystyrene is not usable for
this purpose, as the heat radiated from the plate
lines will melt it.
Adjustment of antenna coupling is also very
critical, and can best be accomplished with a

TRIPLER
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Fig. 17-34 — Schematic diagram e
fthe tripler-amplilier for 432 Mc,

CI,C2 — Midget split-stator variable, about 4µµfii. per
section ( Millen 21912D).
Ca — 250-asfd. ceramic,
Ri — 50,000 ohms, 2 watts,
R2 — 100 ohms, I/2 watt, at center tap of Li.
R
25,000 ohms, 10 watts,
11 4 — 6800 ohms, Iwatt,
115 — 20,000 ohms, 10 watts,
Li — 2 turns No. 14 enamel, is-inch diameter, spaced
twice wire diameter.
L2 — 2turns No. 20 enamel, 91s-inch diameter, between
turns of Li.
— Flexible copper or silver ribbon, % inch wide and
nfe inches long. Average spacing about % in.
L4 — Stiff copper strips 17,i'j inches long. Adjust spacing
between La and L4 for maximum grid current,
as read in 12.

1.5— Flexible copper or silver ribbon.. % inch wide and
3% inches long, including % inch bent over for
fastening to heat-dissipating connectors. Aver age spacing of line is about
inch. The con.
nectors must be filed down to provide aspacing
of at least % inch between their inside edges.
Lo — Coupling loop of No. 14 enameled wire. U-shaped
portion is about 1 inch long. Adjust spacing
between loop and Ls carefully for maximum
output.
JI, J2— Closed-circuit jack.
h — Crystal socket ( Millen 33102).
J4 — Antenna terminal ( National FWG).
RFC:, RFC2, RFC5, RFC5— U.h.f. choke (Ohmite
Z-235). Attach to plate lines at point of lowest
r.f. voltage.
RFCa, RFC4 — 11 turns No. 22 enamel, io-inch (llameter, 1inch long. Attach directly to socket tabs.
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Fig. 17-.15 — Bottom view of the tripler.
amplifier. The socket at the left is the tripler
with its self-resonant grid circuit mounted
directly on the socket lugs.

field-strength meter, which need be nothing more
than acrystal diode inserted in apickup antenna.
A line of any length may be run from the antenna
to the meter, for remote indication.
Because of the relatively low efficiency obtainable at this frequency, the tubes should not be
run at more than about 60 percent of their normal
ratings unless provision is made for forced-air
cooling. The power capabilities can be stepped up
by shielding the tubes and tank circuits and
blowing air through the shields for cooling purposes. Up to about 35 vats output can be developed safely in this w:t v.
Bibliography on 420- Mc. Equipment
"Getting Start (, 1 on 420 Mc." (Hoisington),
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"Fun on 420 with the BC-788" ( Clapp), July
1948 QST, page 21.
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CHAPTEq 18

V.H.F. Antennas
While the basic principles of antenna operation are essentially the same for all frequencies, certain factors peculiar to v.h.f. work call
for changes in antenna technique for the frequencies above 50 megacycles. Here the physical
size of multielement arrays is reduced to the
point where an antenna system having some gain
over a simple dipole is possible in nearly every
location, and experimentation with various
types of arrays is an important part of the program of most progressive amateurs. The importance of high-gain antennas in v.h.f. work
cannot be overemphasized. A good antenna system is often the sole difference between routine
operation and outstanding success in this field.
By no other means can so large a return be obtained from a small investment as results from
the erection of agood directional array.
Design Factors
Beginning with the 50-Me. band, the frequency range over which antenna arrays should
operate effectively is often wider in percentage
than that required of lower-frequency systems;
thus greater attention must be paid to designing
arrays for maximum frequency response, possibly
to the extent of sacrificing other factors such as
high front-to-back ratio.
As the frequency of operation is increased,
losses in the transmission line rise sharply;
hence it becomes more important that the line
be matched to the antenna system correctly.
Because any v.h.f. transmission line is long, in
terms of wavelength, it may be more effective to
use a high-gain array at relatively low height,
rather than to employ alow-gain system at great
height above ground, particularly if the antenna
location is not completely shielded by heavy
foliage, buildings, or other obstructions in the
immediate vicinity.
The effectiveness of a v.h.f. array is almost
directly proportional to its size, rather than number of elements. For example, a4-element array
for 432 Me. may have as much gain over adipole
as asimilarly-designed array for 144 Mc., but it
will intercept only one-third as much energy
when used as areceiving antenna. To be equal in
communication, abeam for 432 Mc. must equal
the 144-Mc. system in area, requiring three times
the number of elements, if similar element configurations are used.
Polarization
In the early days of v.h.f. operation everyone
used simple antennas, and since the vertical halfwave gave at least as good performance in all

directions as its horizontal counterpart offered
in only two directions, the 5- and 2Al-meter activity of the early '30s standardized on vertical
polarization. Later on when high-gain antennas
began to be used it was only natural that these,
too, were put up vertical in areas where v.h.f.
activity was already well established.
The increase in operating range that became
available with the discovery of the variods forms
of long-distance propagation stirred interest in
v.h.f. operation in areas where there was no
previous experience, and here many of the newcomers started in with horizontal arrays, these
having been more or less standard practice on
the frequencies with which these operators were
more familiar.
As best results are obtained only when the
same polarization is used at both ends of apath,
this use of both polarizations resulted n a conflict that, even now, has not been completely
resolved. Numerous tests have demonstrated
that there is little lifference in results ever long
paths with either horizontal or vertical polarization, but each has features in its favor.
Horizontal systems are generally easier to
build and rotate, particularly on 50 and 144 Mc.
Where ignition and some other forms of manmade doise are troublesome, horizontal antennas
usually provide better signal-to-noise ratio.
Simple 3- or 4-element arrays are more effective
horizontal than vertical, as their radiation patterns are broad in the plane of the elements and
sharp in a plane perpendicular to them.
Vertical systems, on the other hand. can provide uniform coverage in all directions. a feature
that is possible only with fairly complex horizontal arrays. Gain can he built up simpty without
introducing directivity, by stacking half wave
elements one above the other and feeling them
in phase. This is auseful feature in net operation,
or in locations where the installation oi arotatable system is not possible. Mobile operation is
simpler and more effective when vertical antennas are used. The possibility of increased
trouble with television interference, because of
the use of horizontal polarization in TV broadcasting, has deterred v.h.f. men in densely populated areas from changing from vertical to
horizontal.
The factors in favor of horizontal polarization
have been predominant in 50- Mc. operation,
and today we find practically complete standardization on horizontal systems for that band.
The trend is toward horizontal for 144 Mc. and
higher bands, particularly in long distance work,
though vertical polarization is still widely used.

413

414

CHAPTER 18

The newcomer to the v.h.f. bands should ascertain which is in use in the areas he expects to
work, and go along with others in those areas. In
setting up new activity in regions where no

operation is presently going on, it is recommended that horizontal polarization be used,
principally as astep toward eventual standardization.

Impedance Matching
Because line losses tend to lw much higher
in v.h.f. antenna systems, it becomes increasingly important that feedlines be made as nearly
"flat" as possible. Transmission lines commonly
used in v.h.f. work include the open- wire line of
400 to 600 ohms impedance, usually spaced about
one to two inches; the polyethylene-insulated
flexible lines, available in impedances of 300, 150,
and 72 ohms; and coaxial lines of 50 to 90 ohms
impedance. These may be matched to dipole or
multielement antennas by any of several arrangements detailed below.
The "1"
Used principally as a means of feeding a stationary vertical radiator, around which parasitic
elements are rotated, the ".I" consists of a halfwave vertical radiator fed by a quarter-wave
matching section, as shown at A, Fig. 18-1. The
spacing between the two sides of the matching

Fig.
18-1 — Two
versi.ms
of the
didenna, often
used in mobile installations, or in
vertical arrays
where parasitic
elements may rotate around a fixed
radiator.

Coarta/,
/we

section should be two inches or less, and the point
of attachment of the feedline will depend on the
impedance of the line used. The feeder should
be slid along the matching section until the point
is found that gives the best operation. The bottom of the matching section may be grounded
for lightning protection. A variation of the " J"
for use with coaxial-line feed is shown at B in Fig.
18-1. The " J" is also useful in mobile applications.
The Delta or "Y" -Match
Prolcild \ the simplest arrangement for feeding a dipole or parasitic array is the familiar
delta, or " 1' "-match, in which the feeder system is fanned out and attached to the radiator
at a point where the impedance along the element is the same as that of the line used. Information on figuring the dimensions of the
delta may be found in the transmission-line
chapter. Chief weakness of the delta is the likeli-

hood of radiation from the matching section,
which may interfere with the effectiveness of a
multielement array. It is also somewhat unstable
mechanically, and quite critical in adjustment.
The "Q" Section
An effective arrangement for matching an
open-wire line to a dipole, or to the driven element in a2- or 3-element array having wide (0.25
wavelength or greater) spacing, is the " Q"
section. This consists of a quarter-wave line,
usually of 3 to -inch tubing, the spacing of
which is determined by the impedance at the
center of the array. The parallel- pipe " Q" section
is not practical for matching multielement arrays
to lines of lower impedances than about 600 ohms,
nor can it be used effectively with close-spaced
parasitic arrays. The impedance of the " Q"
section required in these cases is lower than can
be obtained with parallel sections of tubing of
practical dimensions. A quarter-wave section of
coaxial or other low-impedance line is a commonly-used means of matching a line of 300 to
600 ohms impedance to the low center impedance
of a3- or 4-element array. The length of such a
line will depend on the velocity of propagation
(propagation factor) of the line used. The propagation factors of all the commonly-used lines are
given in the transmission- line chapter.
In some installations it may be more convenient to use a line of greater length than a
single quarter wave for matching purposes, in
which ease any odd multiple of a quarter wavelength may be used. The exact length required
may be determined experimentally by shorting
one end of the line and coupling it to asource of
r.f., and trimming the line length until maximum
loading is obtained at the center frequency of the
operating range.
The " T"- Match
The principal disadvantages of the delta
system can be overcome through the use of an
arrangement shown in the transmission-line
chapter, commonly called the " T "-match. It
has the advantage of providing a means of adjustment ( by sliding clips along the parallel conductors), yet the radiation from the matching
arrangement is lower than with the delta, and
its rigid construction is more suitable for rotatable arrays. Because the matching arrangement is
adjustable, the dimensions of the " T" section
are not critical. The position of the clips should
be adjusted for lowest standing- wave ratio on
the transmission line. The " T"-match may be
used with any balanced line. This may be adouble coaxial line or any two-wire system, either
polyethylene insulated or open-wire construction.
The " T" system is particularly well suited for
use in all-metal " plumbing" arrays.
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The Folded Dipole
Probably the most effective means of matching various lines to the wide range of antenna
impedances encountered in v.h.f. antenna work
is the folded dipole, shown in its simplest form
in Fig. 18-2. When all portions of the dipole are
of the same conductor size, the impedance at the
feed-point is equal to the square of the number of
elements in the folded dipole times the normal
center impedance which would be present if only
aconventional split half- wave radiator were used.
Thus, the simple folded dipole of Fig. 18-2 has a
feed-point impedance of 4X 72, or approximately
288 ohms. It may be fed with the popular 300ohm line without appreciable mismatch. If a
three- wire dipole were used, the step-up in impedance would be nine times. Note that this stepup occurs only if all portions of the folded dipole
are the same conductor size.
The impedance at the feed-point of a folded

dipole may also be raised by
making the fed portion of the dipole smaller than the parallel
section. Thus, in the 50- Mc, array
shown in Fig. 18-4 the- relatively
low center impedance of a4-ele5540
ment array is raised to a point
(Mc.
where it may be fed directly
line
with 300-ohm line by making the
fed portion of the dipole of
inch tubing, and the parallel section of 1-inch. A 3-element array
of similar dimensions could be
17.1—« 2 ixrites
or less
matched by substituting 3
%-inch
Fi g. 18 _2
De _tubing in the unbroken section.
tails of the folded Conductor ratios and spacings
may be obtained from the foldedantenna monogram in the Transmission Lines Chapter. Note that center-tocenter spacing of the conductors is important.

Antenna Systems for 50 and 144 Mc.
Since the same basic principles apply to all
antennas regardless of frequency, little discussion is given here of the various simple dipoles
that may be used when nondirectional systems
are desired. Details of such antennas may be
found in another chapter, and the only modification necessary for adaptation to use on 50 Mc.
or higher is the reduction in length necessary
for increased conductor diameter at these frequencies.
A Simple 2- element Array
A simple but effective array which requires
no matching arrangement is shown in Fig. 18-3.
Its design takes into account the drop in center
Director =

5263

Radiator=

5540

fMc

so- ohm
Coa.nal line

Mc. No
matching devices are needed with this arrangement.
big. 18-3 — A simple 2-element array for 50

impedance of a half- wave radiator when a parasitic element is placed a quarter wavelength
away. A director element is shown, as the drop
in impedance using aslightly-shortened parasitic
element is just about right to provide a good
match to a 50-ohm coaxial line. The element
lengths are not extremely critical in such asimple
system, and the figures presented may be used
with satisfactory results.

and thus are often effective over only a small
portion of a given band. One way in which the
response of a system can be broadened out is to
increase the spacing between the parasitic elements to somewhat more than the 0.1 or 0.15
wavelength normally considered to provide
optimum front-to-back ratio. Some broadening
may also be obtained by making the directors
slightly shorter and the reflector slightly longer
than the optimum value. The folded dipole is
useful as the radiator in such an array, as its
over-all frequency response is somewhat broader
than other types of driven elements.
A 4-element array for 50 Mc. having an effective operating range of about 2 Mc. is shown in
Fig. 18-4. It employs a folded dipole having
nonuniform conductor size. Reflector and first
director are spaced 0.2 wavelength from the
driven element, while the forward director is
spaced 0.25 wavelength. The spacing and element
lengths given were derived experimentally, and
are those that give optimum forward gain at the
expense of some front-to-back ratio. As the latter
quality is not of great value in 50- Mc. work, it
can be neglected entirely in the tuning procedure
for such an array.
The dimensions given are for peak performance at 50.5 Mc. For other frequencies, the

57"

A 4- Element Array
The importance of broad frequency response
in any antenna designed for v.h.f. work cannot
be overlooked. The disadvantage of all parasitic
systems is that they tend to tune quite sharply,

Dimensional drawing of a4-element 50-Mc.
array. Element length and spacing were derived experimentally for maximum forward gain at 50.5 Mc.
Fig. 18-4 —
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length of the folded dipole in inches should be
figured according to the formula
L

= 5540

The reflector will be 5 per cent longer, the first
director 5per cent shorter, and the second director 6 per cent shorter than the driven element.
A broadening of the response may be obtained,

shown in Fig. 18-5. The 12-element array
mounted between the two 50- Mc. sections is
described later.
All-metal design is used in both arrays. Booms
for the 50- Mc, portion are_1%-inch 24ST durai
tubing 128 inches long. Elements are 3
4-inch
tubing of the same alloy, forced through holes in
the booms and held in place with U-shaped
clamps of sheet aluminum, made similar to those
in Fig. 18-9. Director spacing is 0.2 wavelength,
reflector spacing 0.15 wavelength, see Table
18-I. The booms are mounted on the vertical
member (a1M-inoti o.d. pipe) by means of blocks
of wood, the only nonmetallic parts employed.
These were made from pieces of two-by-four one

Fig. 18-4 — Detail drawing of inserts which may be
used in the ends of the elements of a parasitic array to
permit accurate adjustment of element length.

at aslight sacrifice in forward gain, by adding to
the reflector length and subtracting from the
director lengths. For those interested in experimenting with element lengths, slotted extensions may be inserted in the ends of the various
elements, other than the dipole, as shown in Fig.
18-4. A 3-element array may be built, using the
same general dimensions, except that the conductors of the folded dipole should have a3-to-1
diameter ratio instead of 4-to- 1.
A Stacked Array for 50 Mc.
The radiation angle of av.h.f. antenna system
may be lowered, with aresulting improvement in
operating range, by stacking two parasitic arrays
one above the other and feeding them in phase.
At spacings of M to 5
% wavelength a gain of 4
db. or more may be realized by stacking in this
way. An example is the 4-over-4array for 50 Mc.

TABLE 18-I
Dimensions for V.H.F. Arrays, in Inches
Freq. ( Mc.)

50

144

Driven
Element

110

38

24%

12%

Reflector

116

40

26%

13%

1st
Director

105

36

23%

12%

2nd
Director

103

35%

23%

12

Phasing
Section*

13%

220

420

114

39%

25%

0.25
Wavelength

57

19%

13

6%

0.2
Wavelength

46

15%

10%

5%

0.15
Wavelength

34

11%

7%

aOpen-wire line only.

4

Fig. 18-5 — An 8-elernent ... tacked array for 50 Me.,
with a 12-element .. s.tem for 144 Mc. mounted in the
space between the tm
.e 50- Mc. sections.

foot long. A hole the size of the mast is made in
the block near one side, at the middle of the block
lengthwise. The block is then sawed lengthwise
in a vertical plane, through the middle of this
hole. Bolting the two portions together provides
a tight fit around the vertical pipe. The boom is
bolted to the block at three points. This method
of mounting provides a rigid assembly. The
booms should be bonded to the main support to
provide lightning protection.
The main transmission line is 300-ohm TwinLead. The method of feed was checked out for
minimum standing-wave ratio with one bay
alone; then the phasing section for the two bays
was proportioned so that it would serve as a
"Q" section as well. No. 14 enameled wire spaced
one inch is suggested. The feedline is brought at
right angles from the phasing section to stand-off
insulators on the main vertical support. It drops
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vertically to acombination tie point and
bearing, just below the lower boom of
the 6-meter array. From this anchor,
which rotates with the beams, it drops
loosely to a fixed point, with enough
slack left to permit slightly more than
360 degrees of rotation.
The fed sections of the 50- Mc, folded
dipoles are made of h 6inch copper
tubing, mounted on 5
%-inch cone standoffs. The outer ends are supported on
loo- ohm
metal pillars of the same length. Two
bite
stand-offs are used for each side of the
dipole; otherwise the rather soft tubing
tends to sag and disturb the spacing
between it and the larger element. The
copper tubing is flattened in a vise at
the points where it is to be mounted.
Fig. 18-7 — Schematic drawing of a 16-element array. '1vani
able "Q" section may be inserted at the feed point if accurate
The 4-to- 1 conductor ratio, and the
matching
is desired. Reflector spacing is 0.2 wavelength.
spacing of one inch, center to center,
between the two conductors gives the
vertical planes. The horizontal radiation pattern
necessary impedance step-up to match 300-ohm
of the 16-element array is somewhat sharper
line, in a 4-element array of the spacings menwhen it is used in a vertical position, but it is a
tioned earlier.
highly effective antenna either way.
Phased Arrays for 144 Mc.
The elements need not he larger than halfSuperior performance is obtainable on 144
inch diameter, and smaller sizes can be used if
desired, so the entire structure can be made
Mc. and higher by using curtains of 4, 6, 8 or
light in weight and still have considerable
more driven half-wave elements, arranged in
strength. The phasing sections may be No.
pairs fed in phase, and backed up by reflectors.
14 or 16 wire, spaced 1to 1 inches. They are
Figs. 18-5 to 18-7 show 12- and 16-element
transposed in both sides of the 12-element ararrays that are capable of more than 12 and 14
ray, and in the two end sections of the 16-element.
db. gain, respectively. The supporting structures
Either array may be fed with 300-ohm Twinrequired by such arrays would make them out of
the question for lower frequencies, but for 144
Lead, connected as shown in the drawings. The
Mc. and higher they are relatively easy to build
feed impedance of the 12-element array is brought
down by spacing the reflectors 0.15 wavelength,
and erect. Their dimensions are not particularly
making it possible to connect the transmission
critical, and careful adjustment of the elements
line to the center pair of elements directly withis not required for good results. The frequency
out a matching device. The feed impedance of
response of arrays having several driven elements
the 16-element array may be somewhat lower
is broader than that of systems in which the
than 300 ohms, but the mismatch is not serious
gain is built up through the use of additional
and it may be disregarded if the transmission
parasitic elements.
The 12-element array, Figs. 18-5 and 18-6,
line is relatively short. If along line is necessary
has a similar pattern in both horizontal and
it may be desirable to install an adjustable ' Q"
section at the feed point. This can be made of two
20-inch tubes of the same material as is used
for the driven elements, mounted so that the
spacing between them can be adjusted for lowest
standing-wave ratio. The feed impedance of an
array having several driven elements is subject
to many variables, making some sort of adjustable impedance-matching device highly desirable
if long feedlines are used. Element lengths and
spacings may be taken from Table 18-I.
All- Metal Design in Phased Arrays

Fig. 18-6— Element arrangement and feed system of
the 12-element array. Reflectors are spaced 0.15 wavelength behind the driven elements.

A very light weight yet physically rued
array can be built if the supporting structure is
made entirely of metal. This involves few complications in the construction of small parasitic
arrays, but with the 12- and 16-element jobs
described above some special precautions must
be observed. It is important that the supporting
framework be designed so that it is entirely in
back of the reflector plane, otherwise it will dis-
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tort the radiation pattern and reduce the effectiveness of the system.
The supporting frame of the 12-element array
of Fig. 18-5 is shown in Fig. 18-8, with a detail
of the method of joining members in Fig. 18-9.
When 3
%-inch tubing is used for the frame, 1!,inch for the vertical support, and 11.inch tubing
for the elements, the sheet aluminum clamps
may be made according to the dimensions given
in Fig. 18-10. If other sizes of tubing are used the
clamp dimensions can be determined readily by
making experimental clamps of thin sheet metal
or stiff cardboard. These can be folded and bent
into the proper shape and then flattened out and
used for templates.

c

Driven Element

Reflector-

Fig. 18-8 — Supporting framework for a 12-element
144- Me. array of all-metal design. Dimensions are as
follows: element supports (
1)
by 16 inches; horizontal
members (
2) h by 46 inches; vertical members (3)
h by 86 inches; vertical support (4) 1!4inch diameter,
length as required; reflector-to-driven-element spacing
12 inches. Parts not shown in sketch: driven elements
h by 38 inches; reflectors h by 40 inches; phasing
lines No. 18 spaced 1 inch, 80 inches long, fanned out
to 3,1
/¡ inches at driven elements (transpose each halfwave section).

Fig. 18-9— Model showing the method of assendding
for all-metal construction of phased arrays. Dimensions
of clamps are given in Fig. 18-10.

wire arrays will be found in an earlier chapter. At
144 Mc. and higher it is relatively easy to stack
two or more " V" or rhombic arrays ahalf-wave
apart. This improves their perfármance considerably, but makes them essentially one-band
devices.
Matching devices that permit feeding longwire antenna systems with fiat lines also introduce one-band limitation, so their use is not
advisable except in the case of 50 and 144 Mc.,
two bands that are close to third-harmonic relationship. A " Q" section that is approximat clv
three quarter-wave-lengths long at 144 Me. is
one quarter-wavelength long at 50 Mc., so if the
feed impedance of the antenna system is the
same for both frequencies a " Q" section about
58 inches long may be used for both bands. In
the case of a rhombic terminated in 800 ohms
and fed with 300-ohm line, the matching section
should have an impedance of about 500 ohms.

Long- Wire Antennas

Where long-wire systems designed for use
on lower frequencies are available they may
often be used on the v.h.f. bands with good
results, particularly if the feedlines are not too
long. " V" and rhombic antenna systems designed expressly for the v.h.f. bands are small
enough in size to be used in many locations
where similar arrays for lower frequencies would
be out of the question. The polarization of longwire systems is normally horizontal, but in locations where they have a downward slope they
may also have aconsiderable vertical component.
Their polarization discrimination is seldom as
sharp as that of systems using half-wave elements.
Information on the various types of long-

.1L1

-1=1"

0

;
Bend on radius R
B = g"
5"

C =f

Fig. 18-10— Detail drawings of the * lamps used to assemble the all-metal 2-nteter array. A, B and C are
before bending into " 17 shape. The right-angle bends
should be made first, along the dotted lines as shown,
then the plates may be bent around a piece of pipe of
the proper diameter. Sheet stock should be ,
46inch or

heavier aluminum.
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Arrays for 220 and 420 Mc.
The use of a high-gain antenna system is
almost a necessity if work is to be done over
any great distance on 220 and 420 Mc. Experimentation with antenna arrays for these
frequencies is fascinating indeed, as their size
is so small as to permit trying various element
arrangements and feed systems with ease. Arrays
for 420 Mc., particularly, are convenient for use
in demonstrations of antenna principles, as even
high-gain systems may be of table-top proportions.
Any of the arrays described previously may
be used on these bands, but those having anumber of driven elements fed in phase will be most
desirable. The 12- and 16-element arrays, Figs.
18-6 and 18-7, may be adapted to use on 220 or
420 Mc. by using the dimensions given in Table
184.
The use of a plane reflector, in place of the
para.sitic reflectors used in t
he 144- Mc. models,
is highly desirable when phased systems are used
on higher bands. The spacing bet ween the driven
elements and the reflecting plane is not particularly critical, except as it affects the feed impedance of the system. Maximum gain occurs
in the region around 0.1 to 0.15 wavelength,
with the feed impedance being lowest with the
closest spacing. The feed impedance is highest at
approximately 0.3-wavelength spacing. The reflector has no effect on the feed impedance when
aspacing of 0.22 wavelength is used. As the gain
is nearly constant from 0.1 to 0.25 wavelength, it
may be seen that the spacing may be varied to
achieve an impedance match.
An advantage of the plane reflector is that
it may be used for two arrays, incorporating
horizontal and vertical polarization on opposite sides of the plane, or providing two-band
operation, as is done in the array for 220 and
420 Mc. shown in Fig. 18-11. Six driven elements
for 220 Mc. are used on one side, arranged in a
manner similar to the driven elements in the 12element array for 144 Mc. described earlier in
this chapter. The 420- Mc. side uses 16 drivro
elements arranged in two sets of 8each.
These two sets of elements are mounted one

Fig. 18-11— A two-hand screenreflector array. One side has 16
driven elements for 420 Mc., and
the reverse side has 6 half-waves in
phase for 220 Mc. Both sets of elements are spaced 0.15 wavelength
from the reflecting plane.

•

above the other with their ends approxtmately
one-half wavelength apart. This dimension is
not critical, though maximum gain is obtained
with end-to-end spacings of about a halt wavelength. The two pairs of phasing wires are connected by means of one-wavelength sections
of 300-ohm Twin- Lead at the middle of the
array. This junction, which has an impedance
of about 150 ohms, is fed with 300-oLm line
through an adjustable " Q" section.
The one-wavelength sections of 31)0-ohm
line are 21:,1¡. inches long, this figure taking the
propagation factor of the line into account.
The " Q" section may be made of the same
material as the elements, or any available tubing,
from
to 3/2inch diameter, may be used. As
proper matching is extremely important at 420
Mc. the spacing of this " Q" section should be
adjusted carefully for minimum standing-wave
ratio.
The reflecting plane is 6 feet square. This
is larger than necessary for the 420-Mc. system, the size being determined by the 220Me. side. Chicken wire of 1-inch mesh is used
for the screen. Wire netting, sheet metal, or
closely-spaced wires may be substituted. The
size of the reflector is not critical, except that
it should extend at least a quarter wavelength
beyond the area covered by the driven elements.
A plane-reflector array has slightly more gain
than is obtained with the same number of driven
elements backed up by parasitic reflectors. The
frequency response is wider and it has a considerably higher front-to-back ratio. The principal dimensions may be taken from Table 184.
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Miscellaneous Antenna Systems
Coaxial Antennas

With the " J" antenna radiation from the
matching section and the transmission line
tends to combine with the radiation from the
antenna in such a way as to raise the angle of
radiation. At v.h.f. the lowest possible radiation angle is essential, and
the coaxial antenna shown
in Fig. 18-12 was developed
to eliminate feeder radiation. The center conductor
Metal
of a 70-ohm concentric
Rod
transmission line is extended one-quarter wave
beyond the end of the line,
/nsidator
to act as the upper half of
Connected
a half- wave antenna. The
to outer
Conductor
lower half is provided by
of concentric
the quarter-wave sleeve,
/me
the upper end of which is
connected to the outer conMetal
ductor of the concentric
Sleeve
line. The sleeve acts as a
shield about the transmission line and very little
current is induced on the
70- Ohm
outside of the line by the
concentric
antenna field. The line is
fine
non- resonant, since its
characteristic impedance is
the same as the center impedance of the half-wave
antenna. The sleeve may
be made of copper or brass
tubing of suitable diameter Fig. 18-12— Coaxial
to clear the transmission antenna.'I'he insulated
line. The coaxial antenna is inner conductor of the
70-ohm concentric line
somewhat difficult to con- is comie,•ted to the
struct, but is superior to quarter- s, ave metal
simpler systems in its per- rod which forms the
formance at low radiation upper half of the antenna.
angles.

T
i

I

Broadband

Antennas

Certain types of antennas used in television
work are of interest because they work across a
wide band of frequencies with relatively uniform
response. At very-high frequencies an antenna
made of small wire is purely resistive only over
a very small frequency range. Its Q, and therefore its selectivity, is sufficient to limit its optimum performance to anarrow frequency range,
and readjustment of the length or tuning is required for each narrow slice of the spectrum.
With tuned transmission lines, the effective
length of the antenna can be shifted by retuning
the whole system. However, in the case of antennas fed by matched-impedance lines, any
appreciable frequency change requires an actual
mechanical adjustment of the system. Otherwise,
the resulting mismatch with the line will be
sufficient to cause significant reduction in power
input to the antenna.

A properly designed and constructed wideband antenna, on the other hand, will exhibit
very nearly constant input impedance over
several megacycles.
The simplest met hod of obtaining a broadband characteristic is the use of what is termed
a " cylindrical" antenna. This is no more than
a conventional doublet in which large-diameter
tubing is used for the elements. The use of a
relatively large diameter- to-length ratio lowers
the Q of t
he antenna, thus broadening the resonance « characteristic.
As t
he diameter- to-length ratio is increased,
end effects also increase, wit h the result that
the antenna must be made shorter t
han a thinwire antenna resonating at the sane. frequency.
The reduction factor may be as much as 20 per
cent with the tubing sizes commonly used for
amateur antennas at v.h.f.
Cone Antennas
From the cylindrical antenna various specialized forms of broadly-resonant radiators
have been evolved, including the ellipsoid,
spheroid, cone, diamond and double diamond.
Of these, the conical antenna is perhaps the
most interesting. With large angles of revolution, the variation in the characteristic impedance with changes in frequency can be reduced
to a very low value, making such an antenna
suitable for extremely wide-band operation. The
cone may be made up either of sheet metal or of
multiple wire spines.
Plane Sheet Reflectors
The small physical size of v.h.f. antennas
makes practical many methods not feasible
on lower frequencies. For example, a plane
flat-sheet reflector may be used with a halfwave dipole, obtaining gains of 5 to 7db. Much
highur gains are attainable with a number of
stacked dipoles fed in phase, mounted in front
of a reflecting plane. Such an arrangement is
called a " billboard" array.
Plane reflectors need not be constructed of
solid sheets. Wire mesh, or a grid of closelyspaced parallel-wire spines, is more easily erected
and offers lower wind resistance.
Parabolic Reflectors
A plane sheet may be formed into the shape
of a parabolic curve and used with a driven
radiator situated at its focus, to provide ahighlydirective antenna system. If the parabolic reflector is sufficiently large so that the distance
to the focal point is a number of wavelengths,
optical conditions are approached and the wave
across the mouth of the reflector is aplane wave.
However, if the reflector is of the same order of
dimensions as the operating wavelength, or less,
the driven radiator is appreciably coupled to the
reflecting sheet and minor lobes occur in the pattern. With an aperture of the order of 10 or 20
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Fig. 18-13 — Plane sheet reflectors for v.h.f. and u.h.f. A shows a parabolic sheet and B a square-corner reflector.

wavelengths, sizes that may be practical for
microwave work, abeam-width of approximately
5degrees may be achieved.
A reflecting paraboloid must be carefully designed and constructed to obtain ideal performance. The antenna must be located at the
focal point. The most desirable focal length of
the parabola is that which places the radiator
along the plane of the mouth; this length is
equal to one-half the mouth radius. At other
focal distances interference fields may deform
the pattern or cancel a sizable portion of the
radiation.
Corner

Reflectors

DIPOLE IMPEDANCE-OHAIS

The " corner" reflector consists of two flat
conducting sheets which intersect at a designated angle. The corner-reflector antenna is
particularly useful at v.h.f. where structures
one or two wavelengths in maximum dimensions are more practical to build than larger
systems.
The plane surfaces are set at an angle of 45 to
90 degrees, with the antenna set on aline bisecting
this angle. For maximum performance, the distance of the antenna from the vertex should
be 0.5 wavelength, but compromise designs
can be built with closer spacings. The plane

Fig. 18-14 — Feed impedance of the
driven element in a corner-reflector
array for corner angles of 180 (flat
sheet), 90, 60 and 45 degrees. D ' is
the dipole to vertex spacing.
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V

5

60.
45'
t11

surfaces need not be solid sheets; spines spaced
about 0.1 wavelength apart will serve as well.
The spines do not have to be connected tugether
electrically.
If the driven radiator is situated on a line
bisecting the corner angle, as shown in Fig.
18-13, maximum radiation is in the direction
of this line. There is no focus point for the driven
radiator, as with a parabolic reflector, and the
radiator can be placed at a variety of positions
along the bisecting line.
Corner angles larger than 90 degrees can be
used, with some decrease in gain. A 180-degree
"corner" is equivalent to a single flat-sheet
reflector. With angles smaller than 90 degrees,
the gain theoretically increases as the corner
angle is decreased. However, to realize this
gain the size of the reflecting sheets must also
be increased.
At aspacing of 0.5 wavelength from the driven
dipole to the vertex, the radiation resistance of
the driven dipole is approximately twice the
radiation resistance of the same dipole in free
space. Smaller spacings of driven dipole and
vertex are practical, at a slight sacrifice in efficiency. Fig. 18-14 shows the feed impedance of the
driven element in acorner reflector array for various corner angles and dipole-to-vertex spacings.
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CHAPTER 19

U.H.F. and Microwave
Communication
In moving into the microwave region the
amateur encounters marked differences in both
the technical approach and the uses te which his
frequency assignments may be put. Above 1000
Mc. we must discard most of our conventional
circuitry and antenna ideas. Coils and condensers are replaced by resonant cavities. Parallel-wire transmission lines give way to coaxial
lines or waveguide. Parasitic arrays are abandoned in favor of parabolic reflectors or horns.
And in contrast to the random operating that
has been so large a part of the amateur picture
on our communication frequencies, microwave
work is principally a matter of point-to-point
communication between two cooperating stations.
These basic differences have tended to raise a
natural boundary in the region around 500 Mc.,
beyond which relatively few communicating amateurs have ventured. The frequencies at the high
end of the spectrum have astrong appeal to the

experimenter, however, and new classes of licenses, now under discussion, are expected to
provide the means whereby this type of worker
may legally engage in two-way communication.
At least some amateur work has been done in
all the assignments now open to our use. The work
of these pioneers in adapting the frequencies
above 1000 Mc. to communication purposes has
been in line with the best amateur tradition, and
it is hoped that the bands beginning at 1215 Mc.
will see much amateur exploration in the near
future. The frequencies assigned to amateurs in
the microwave region are as follows: 1215 to
1300 Mc., 2300 to 2450 Mc., 3300 to 3500 Mc.,
5650 to 5925 Mc., 10,000 to 10,500 Me., and
21,000 to 22,000 Mc. Any frequency above
30,000 Mc. may be used. Any type of emission
may be used in any of these bands, except in the
case of the lowest, where pulse transmission is
prohibited.

U.H.F. Tank Circuits
In resonant circuits as employed at the lower
frequencies it is possible to consider each of the
reactance components as a separate entity. A
coil is used to provide the required inductance
and a condenser is connected across it to provide the needed capacitance. The fact that the
coil tself has a certain amount of self-capacitance, as well as some resistance, while the
condenser also possesses a small self-inductance, can usually be disregarded.
At the very-high and ultrahigh frequencies,
however, it is no longer possible to separate
these components. The connecting leads which,
at lower frequencies, would serve merely to
join the condenser to the coil now may have
more inductance than the coil itself. The required inductance coil may be no more than a
single turn of wire, yet even this single turn
may have dimensions comparable to a wavelength at the operating frequency. Thus the
energy in the field surrounding the " coil" may
in part be radiated. At a sufficiently high frequency the loss by radiation may represent a
major portion of the total energy in the circuit.
Since energy which cannot be utilized as intended is wasted, regardless of whether it is
consumed as heat by the resistance of the wire
or simply radiated into space, the effect is as
though the resistance of the tuned circuit were
greatly increased and its Q greatly reduced.

For this reason, it is common practice to
utilize resonant sections of transmission line as
tuned circuits at frequencies above 100 Mc. A
quarter-wavelength line, or any odd multiple
thereof, shorted at one end and open at the
other, exhibits large standing waves. When
a voltage of the frequency at which such a
line is resonant is applied to the open end, the
response is very similar to that of a parallel
resonant circuit; it will have very high input
impedance at resonance and a large current
flowing at the short-circuited end. The input
impedance may be as high as 0.4 megohm for a
well-constructed line.
The action of aresonant quarter-wavelength
line can be compared with that of a coil-andcondenser combination whose constants have
been adjusted to resonance at a corresponding
frequency. Around the point of resonance, in
fact, the line will display very nearly the same
characteristics as those of the tuned circuit.
The equivalent relationships are shown in Fig.
19-1. At frequencies off resonance the line
displays qualities comparable to the inductive and capacitive reactances of the coil-andcondenser circuit, although the exact relationships involved are somewhat different. For all
practical purposes, however, sections of resonant wire or transmission line can be used in
much the same manner as coils or condensers.
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In circuits operating above 300 Mc., the
spacing between conductors becomes an appreciable fraction of a wavelength. To keep
the radiation loss as small as possible the
parallel conductors should not be spaced farther apart than 10 per cent of the wavelength,
center to center. On the other hand, the spacing
of large-diameter conductors should not be
reduced to much less twice the diameter because of what is known as the proximity effect,
whereby another form of loss is introduced
through eddy currents set up by the adjacent
fields. Because the cancellation is no longer
complete, radiation from an open line becomes
so great that the Q is greatly reduced. Consequently, at these frequencies coaxial lines must
be used.

be shorter, physically, than an unloaded line
resonant at the same frequency.
The short-circuiting disk at the end of the
line must be designed to make perfect electrical
contact. The voltage is aminimum at this end
of the line; therefore, it will not break down
some of the thinnest insulating films. Usually a

kr;

Fig. 19-2 — Methods of tuning coaxial resonant lines.

Construction
Practical information concerning the construction of transmission lines for such specific
uses as feeding antennas and as resonant circuits in radio transmitters will be found in this

e,
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(A)

(B)
Fig. 19-1 — Equis aient coupling circuits for parallelline, coaxial-line and conventional resonant circuits.

and other chapters of this Handbook. Certain basic considerations applicable in general
to resonant lines used as circuit elements may
be considered here, however.
While either parallel-line or coaxial sections
may be used, the latter are preferred for higherfrequency operation. Representative methods
for adjusting the length of such lines to resonance are shown in Fig. 19-2. At the left, asliding shorting disk is used to reduce the effective
length of the line by altering the position of
the short-circuit. In the center, the same effect
is accomplished by using atelescoping 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
mounting parallel-plate condensers, used to
tune a " foreshortened" line to resonance, are
illustrated. The arrangement with the loading
capacitor at the open end of the line has the
greatest tuning effect per unit of capacitance;
the alternative method, which is equivalent to
"tapping" the condenser down on the line, has
less effect on the Q of the circuit. Lines with
capacitive " loading" of the sort illustrated will

soldered connection or atight clamp is used to
secure good contact. When the length of line
must be readily adjustable, the shorting plug is
provided with spring collars which ma.:e contact on the inner and outer conductors at some
distance away from the shorting plug at a
point where the voltage is sufficient to break
down the film between the collar and conductor.
Two methods of tuning parallel-conductor
lines are shown in Fig. 19-3. The sliding shortcircuiting strap can be tightened by means of
screws and nuts to make good electrical contact. The parallel- plate condenser in thesecond
drawing may be placed anywhere along the
line, the tuning effect becoming less as the
condenser is located nearer the shorted end
of the line. Although a low-capacitance variable condenser of ordinary construction can be
used, the circular-plate type shown is symmetrical and thus does not unbalance the line. It
also has the further advantage that no insulating material is required.

e

Fig. 19-3— Methods
of tuning parallel.
type resonant lines.

Equivalent impedance points, for coupling or
impedance-transformation purposes, are shown
in Fig. 19-1 for parallel-line, coaxial-line, and
conventional coil-and-condenser circuits.
Lumped- Constant Crcuits
At the very- high frequencies the lovr values
of L and C required make ordinary coils and
condensers impracticable, while linear circuits
offer mechanical difficulties in making tuning
adjustments over a wide frequency range, and
radiation from unshielded lines may reduce
their effectiveness materially.
To overcome these difficulties, special high-Q
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lumped-constant circuits have been developed
in which connections from the " condenser" to
the " coil" are an inherent part of the structure.
Integral design minimizes both resistance and
inductance and increases the CIL ratio.
The simplest of these circuits is based on the
use of disks combining half-turn inductance
loops with semicircular condenser plates. By
connecting several of these half-turn coils in
parallel, the effective inductance is reduced to
a value appreciably below that for a single
turn. Tuning is accomplished by interleaving
grounded rotor plates between the turns. Both
by shielding action and short-circuited-turn
effect, these further reduce the inductance.
Another type of high-C circuit is a singleturn toroid, commonly termed the " hat" resonator. Two copper shells with wide, flat
"brims" are mounted facing each other on an
axially-aligned copper rod. The capacitance in
the circuit is that between the wide shells, while
the central rod comprises the inductance.
"Butterfly" Circuits
The tank circuits described in the preceding
section are primarily fixed-frequency devices.
The " butterfly " circuits shown in Fig. 19-4 are
capable of being tuned over an exceptionally
wide range, while still having high Q and reasonable physical dimensions. The circuit at A
is derived from a conventional balanced- type
variable condenser. The inductance is in the
wide circular band connecting the stator plates.
At its minimum setting the rotor plate fills the
opening of the loop, reducing the inductance to
a minimum. Connections are made to points 1
and 2. This basic structure eliminates all connecting leads and avoids all sliding or wiping
electrical contacts to arotating member. A disadvantage is that the electrical midpoint shifts
from point 3 to point 3' as the rotor is turned.
Constant magnetic coupling may be obtained
by acoupling loop located at point 4, however.
In the modification shown at D, two sectoral
stators are spaced 180 degrees, thereby achiev-

(c)

e

(D)

(E)

Fig. 19-4 —" Butterfly" tank circuits for v.h.f., showing
front and cross-section views and the equivalent circuit.
ing the electrical symmetry required to permit
tapping for balanced operation. Connections
to the circuit should be made at points / and 2
and it may be tapped at points 3and 3', which
are the electrical midpoints. Where magnetic
coupling is employed. points 4and 4' are suitable locations for coupling links.
The capacitance of any butterfly circuit may
be computed by the standard formula for
parallel-plate condensers given in the data chapter.
The maximum inductance can be obtained approximately by finding the inductance of a
full ring of the same diameter and multiplying
the result by a factor of 0.17. The ratio of ininimum to maximum inductance varies between
1.5 and 4 with conventional construction.
Any number of butterfly sections may be connected in parallel. In practice, units of four to
eight plates prove most satisfactory. '1'he ring
and stator sections may either be made in a
single piece or with separate sectoral stator
plates and spacing rings assembled with machine screws.

Wave Guides and Cavity Resonators
A wave guide is a conducting tube through
which energy is transmitted in the form of electromagnetic waves. The tube is not considered
as carrying acurrent in the same sense that the
wires of atwo-conductor line do, but rather as
a boundary which confines the waves to the
enclosed space. Skin effect prevents any electromagnetic effects from being evident outside
the guide. The energy is injected at one end,
eit her through capacitive or inductive coupling
or by radiation, and is received at the other
end. The wave guide then merely confines the
energy of the fields, which are propagated
through it to the receiving end by means of
reflections against its inner walls.
The difficulty of visualizing energy transfer
without the usual closed circuit can be relieved
somewhat by considering the guide as being
evolved from an ordinary two-conductor line.

In Fig. 19-5A, severml closed quarter- wave
stubs are shown connect1 in parallel across a
two- wire transmission line. Since the open end
of each stub is equivalent to an open circuit, the
line impedance is not affected by their presence.
Enough stubs may be added to form a " U"shaped rectangular tube with solid walls, as at
B, and another identical " U"-shaped tube may
be added edge-to-edge to form the rectangular
pipe shown in Fig. 19-5C. As before, the line
impedance still will not be affected. But now,
instead of a two- wire transmission line, the
energy is being conducted within a hollow
rectangular tube.
This analogy to wave-guide operation is not
exact, and therefore should not be taken too
literally. In the evolution from the two- wire
line to the closed tube the electric- and magnetic-field configurations undergo considerable
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tributions of electric and magnetic fields in a rectangular
guide are shown in Fig. 19-6.
It will be observed that the
intensity of the electric field
is greatest at the center along
(A)
the x dimension, diminishing
to zero at the end walls. The
latter is a necessary condition,
Fig. 19-5— Evolution of awave guide from atwo-wire transmission line.
since the existence of any electric field parallel to the walls at the surface would
change, with the result that the guide does not
cause an infinite current to flow in aperfect conactually operate like a two-conductor line
ductor. This represents an impossible situation.
shunted by an infinite number of quarter-wave
Zero electric field at the end walls will result
stubs. If it did, only waves of the proper length
if the wave is considered to consist of two sepato correspond to the stubs would be proparate waves moving in zigzag fashion down the
gated through the tube, but the fact is that
guide, reflected back and forth from the end
such waves do not pass through the guide.
walls as shown in Fig. 19-7. Just at the walls,
Only waves of shorter length — that is, higher
frequency — can go through. The distance x the positive crest of one wave meets the negative crest of the other, giving complete canrepresents half the cut-off wavelength, or the
cellation of the electric fields. The angle of
shortest wavelength that is unable to go
through the guide. Or, to put it another way,
POSITIVE CREST
waves of length equal to or greater than 2x
NEOAnVE CREST
cannot be propagated in the guide.
A second point of difference is that the apparent length of a wave along the direction of
propagation through a guide always is greater
than that of a wave of the same frequency in
free space, whereas the wavelength along a
two- conductor transmission line is the same as
the free-space wavelength ( when the insulaliii between 1
he wires is air).

(B)

(A)

Operating Principles of Wave Guides
Analysis of wave- guide operation is based on
the assumption that the guide material is a
perfect conductor of electricity. Typical dis-

R.F. POTENTIAL
ALONG GUIDE

(A)

I—
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(3)

—

MAGNETIC INTENSITY
ALONG GUIDE
f ":2"-- -.• re's 11."24;
Mt(
1
,4.hr -1:04:44
:4,4

(c)

Fig. 19-6 — Field distribution in a rectangular wave
guide. The TE1,0 mode of propagation is depicted.

Fig. 19-7 — Reflection of two component waves in a
rectangular guide. X = wavelength in space, xg = wavelength in guide. Direction of wave motion is perpendicular to the wave front (crests) as shown by the- arrows.
reflection at which this cancellation occurs depends upon the width z of the guide and the
length of the waves; Fig. 19-7A illustrates
the case of a wave considerably shorter than
the cut-off wavelength, while B shows alonger
wave. When the wavelength equals the cut-off
value, the two waves simply bounce back and
forth between the walls and no energy i. transmitted through the guide.
The two waves travel with the speed of light,
but since they do not travel in a straight line
the energy does not travel through the guide as
rapidly as it does in space. A further consequence of the repeated reflections is that the
points of maximum intensity or wave crests
are separated more along the line of propagation in the guide than they are in the two separate waves. In other words, the wavelength in
the guide is greater than the free-space wavelength. This is also shown in Fig. 19-7.
Modes of Propagation
Fig. 19-6 represents a relatively simple distribution of the electric and magnetic fields.
There is in general an infinite number of ways
in which the fields can arrange themselves in a
guide so long as there is no upper limit to the
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frequency to be transmitted. Each field configuration is called a mode. All modes may be
separated into two general groups. One group,
designated TM (transverse magnetic), has the
magnetic field entirely transverse to the direction of propagation, but has a component of
electric field in that direction. The other type,
designated TE (transverse electric) has the electric field entirely transverse, but has a component of magnetic field in the direction of
propagation. TM waves are sometimes called
E waves, and TE waves are sometimes called
H waves, but the TM and TE designations are
preferred.
The particular mode of transmission is
identified by the group letters followed by two
subscript numerals; for example,
TE L0,
TM LI ,etc. The number of possible modes increases with frequency for agiven size of guide.
There is only one possible mode (called the
dominant mode) for the lowest frequency that
can be transmitted. The dominant mode is the
one generally used in practical work.

The derivation of one type of cavity resonator from an ordinary LC circuit is shown in
Fig. 19-8. As in the case of the wave-guide
derivation, this picture must be accepted with
some reservations, and for the same reasons.
Considering that even astraight piece of wire
has appreciable inductance at very-high frequencies, it may be seen in Fig. 19-8A and B
that a direct short across a two-plate condenser with air dielectric is the equivalent of a
tuned circuit with a typical coiled inductance.
With two wires between the plates, as shown
in Fig. 19-8C, the circuit may be thought of

L

(4)

-L

(
B)

Wave-Guide Dimensions
In the rectangular guide the critical dimension is x in Fig. 19-5; this dimension must be
more than one-half wavelength at the lowest
frequency to be transmitted. In practice, the y
dimension usually is made about equal to
to avoid the possibility of operation at other
than the dominant mode.
Other cross-sectional shapes than the rectangle can be used, the most important being
the circular pipe. Much the same considerations apply as in the rectangular case.
Wavelength formulas for rectangular and
circular guides are given in the following table,
where xis the width of arectangular guide and
ris the radius of a circular guide. All figures
are in terms of the dominant mode.
Rectangular
Cut-off wavelength
2e
Longest wavelength trammitted with little attenuation
1.6x
Shortest wavelength before
next mode becomes possible
1.1x

Circular
3.41r

3.2r

2.8r

Cavity Resonators
At low and medium radio frequencies resonant circuits usually are composed of " lumped"
constants of L and C; that is, the inductance is
concentrated in acoil and the capacitance concentrated in acondenser. However, as the frequency is increased, coils and condensers must
be reduced to impracticably small physical
dimensions. Up to acertain point this difficulty
may be overcome by using linear circuits but
even these fail at extremely high frequencies.
Another kind of circuit particularly applicable
at wavelengths of the order of centimeters is
the cavity resonator, which may be looked upon
as asection of awave guide with the dimensions
chosen so that waves of a given length can be
maintained inside.

Fig. 19-8 — Steps in the derivation of acavity resonator from aconventional coil-and-condenser tuned circuit.

as aresonant-line section. For d.c. or even low
frequency r.f., this line would appear as ashort
across the two condenser plates. At the ultrahigh frequencies, however, such a section of
line aquarter wavelength long would appear as
an open circuit when viewed from one of the
plates with respect to the other end of the
section.
Increasing the number of parallel wires between the plates of the condenser would have
no effect on the equivalent circuit, as shown at
D. Eventually, the closed figure at E will be
developed. Since each wire which is added in D
is like connecting inductances in parallel, the
total inductance across the condenser becomes
increasingly smaller as the solid form is approached, and the resonant frequency of the
figure therefore becomes higher.
If energy now is introduced into the cavity
in amanner such as that shown at F, the circuit
will respond like any equivalent coil- condenser
tank circuit at its resonant frequency. A cavity
resonator may therefore be used as au.h.f. tuning element, along with avacuum tube of suitable design, to form the main components of
an oscillator circuit which will be capable of
functioning at frequencies considerably beyond
the maximum limits possible when conventional tubes, coils and condensers are employed.
Other shapes than the cylinder may be used
as resonators, among them the rectangular
box, the sphere, and the sphere with re-entrant
cones, as shown in Fig. 19-9. The resonant fre-
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quency depends upolf th 4 dimensions of the
cavity and the mode of oscfllation of the waves
(comparable to the transmission modes in a
wave guide). For the lowest modes the resonant w
lengths are as follows:
261e

Sa

box

eSP.lMye
e ewith re-entrant emies

1.411
2.26r
4,

The-lesonant waveleqgths of the cylinder
add square box are independent of the height
when thé height is less than ahalf- wavelength.
In other 19:Odes
.
of oscillation the height must
be amultiple of ahalf- wavelength as measured
inside the cavity. Fig. 19-8F shows how a
cylindrical cavity can be tuned when operating
in such a mode. 04,her tuning methods include
placing adjustable tuning paddles or " slugs"
inside the cavity so i that the standing- wave
pattern of the 'electric and magnetic fields can
be varied.
•

CYLINDER

SPHERE

SPHERE WITH
REENTRANT CONES

Fig. 19-9 — Forms of cavity resonators.

A form of cavity resonator in wide practical
use is the re-entrant cylindrical type shown in
Fig. 19-10. It is useful in connection with vacuum- tube oscillators of the types described
for u.h.f. use elsewhere in this chapter. In construction it resembles a concentric line closed
at both ends with capacitance loading at the
top, but the actual mode of oscillation may
differ considerably from that occurring in
coaxial lines. The resonant frequency of such a
cavity depends upon the diameters of the two
cylinders and the distance d between the ends
of the inner and outer cylinders.
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CROSS-SECTIONAL VIEW

Fig. 19-10 — Re-entrant cylindrical cavity resonator.

Compared to ordinary resonant circuits,
cavity resonators have extremely-high Q.
A value of Q of the order of 1000 or more is
readily obtainable, and Q values of several
thousand can readily be secured with good
design and construction.
Coupling to Wave Guides and Ca ,ity
Resonators

Energy may be introduced into or abstracted from a wave guide or resonator by
means of either the electric or magnetic field.
The energy transfer frequently is through a
coaxial line, two methods for coupling to which
are shown in Fig. 19-11. The probe shown at A
is simply a short extension of the inner conductor of the coaxial line, so oriented that it
is parallel to the electric lines of forre. The
loop shown at B is arranged so that it encloses
some of the magnetic lines of force. The point
at which maximum coupling will be secured
depends upon the particular mode of propagation in the guide or cavity; the coupling
will be maximum when the coupling device
is in the most intense field.
Coupling can be varied by turning either the
probe or loop through a 90-degree angle.
When the probe is perpendicular to the electric lines the coupling will be minimum; similarly, when the plane of the loop is parallel
to the magnetic lines the coupling will have
its least possible value.

(A)

(B)

Fig. 19-I I — Coupling to wave guides and resonators.

U.H.F. and Microwave Tubes
At very-high frequencies, interelectrode capacitance and the inductance of internal leads
determine the highest possible frequency to
which a vacuum tube can be tuned. The tube
usually will not oscillate, up to this limit, however, because of dielectric losses, grid emission,
and " transit- time" effects. In low-frequency
operation, the actual time of flight of electrons
between the cathode and the anode is negligible
in relation to the duration of the cycle. At 1000
kc., for example, transit time of 0.001 microsecond, which is typical of conventional tubes, is
only 1/1000 cycle. But at 100 Mc., this same

transit time represents 1/10 of a cycle, and a
full cycle at 1000 Mc. These limiting factors
establish about 3000 Mc. as the upper frequency limit for negative- grid tubes.
With tubes of ordinary construction, the
upper limit of oscillation is about 150 Mc. For
higher frequencies, v.h.f. tubes of special construction are used. The " acorn" and " doorknob" types and the special v.h.f. " miniature"
tubes, in which the grid- cathode spacing is
made as little as 0.005 inch, are capable of
operation up to about 700-800 Mc. The normal
frequency limit is around 600 Mc., although
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output may be obtained up to 800 Mc.
Very low interelectrode capacitance and lead
inductance have been achieved in the newer
tubes of modified construction. In multiplelead types the electrodes are provided with up
to three separate leads which, when connected
in parallel, have considerably- reduced effective
inductance. In double- lead types the plate and
grid elements are supported by heavy single
wires which run entirely through the envelope,
providing terminals at either end of the bulb.
When a resonant circuit is connected to each
pair of leads, the shunting capacitance divides
between the two circuits. With linear circuits
the leads become a part of the line and have
distributed rather than lumped constants.
Radiation loss is minimized and the effect of
the transit time is reduced. In " lighthouse"
tubes or megatrons the plate, grid and cathode
are assembled in parallel planes, as shown in
Fig. 19-12, instead of coaxially. The uniform
coplanar electrode design and disk-seal terminals permit low interelectrode capacitance.
Velocity Modulation

In negative- grid operation the potential on
the grid tends to reduce the electron velocity
during the more negative half of the oscillation
cycle, while on the other half-cycle the positive
potential on the grid serves to accelerate them.
Thus the electrons tend to separate into groups,
those leaving the cathode during the negative
half-cycle being collectively slowed down, while
those leaving on the positive half are accelerated. After passing into the grid- plate
space only apart of the electron stream follows
the original form of the oscillation cycle, the
remainder traveling to the plate at differing
velocities. Since these contribute nothing to the
power output at the operating frequency, the
efficiency is reduced in direct proportion to the
variation in velocity, the output reaching a
value of zero when the transit time approaches
a half-cycle.
This effect, such a disadvantage in conventional tubes, is an advantage in velocity- modulated tubes in that the input signal voltage on
the grid is used to change the velocity of the
electrons in a constant-current electron beam,
rather than to
vary the intensity of a conPlate
stant-velocity
current flow as
Grid
Glass
is the method
in ordinary
CaMode
tubes.
R. Fazthode
A simple
Connection
form of velocHeater
ity-modulation
oscillator tube
CCathode
connection
is shown in
Fig. 19-12 — Sectional iew of the
Fig. 19 - 13 .
"lighthouse - tube's construction.
Electrons
Close electrode spacing reduces
emitted from
transit time while the disk electrode
the cathode are
connections reduce lead inductance.

C ONC EN T IC LINE
Output CIRCUIT

a.30 V

COL, ECTOR
'

+4V

1350v:

Fig. 19-13 — Simple form of cylindrical-grid velocitymodulated tube with retarding- field e.dlector and
coaxial-line output circuit, used as a sup..rheterodyne
high-frequency oscillator or as a superregenerative
detector. Similar tubes can also be used as r.f. amplifiers and frequency converters in the 5-50-cm. region.

accelerated through a negatively-biased cylindrical grid by a constant positive voltage applied to asleeve electrode, shown in heavy lines.
This electrode, which is the velocity-modulation
control grid, consists of two hollow tubes, with
a small space at each end between the inner
tube, through which the electron beam passes,
and the disks at the ends of the larger tube
portion. With r.f. voltage applied across these
gaps, which are small compared to the distance
traveled by the electrons in one half- cycle,
electrons entering the tube will be accelerated
on positive half-cycles and decelerated on the
negative half-cycles. The length of the tube is
made equal to the distance covered by the
electrons in one-half cycle, so that the electrons
will be further accelerated or decelerated as
they leave the tube.
As the beam approaches the collector electrode, which is at nearly zero potential, the
electrons are retarded, brought to rest, and
ultimately turned back by the attraction of
the positive sleeve electrode. The collector
electrode is, therefore, also termed a reflector.
The point at which electrons are returned depends on their velocity. Thus the velocity
modulation is again translated into current
modulation.
Velocity- modulated tubes operate satisfactorily up to 6000 Mc. (5cm.) and higher, with
outputs of 100 watts or more.
The Klystron

In the klystron velocity- modulated tube, the
electrons emitted by the cathode are accelerated or retarded during their passage through
an electric field established by two grids in a
cavity resonator, or rhumbatron, called the
"buncher." The high-frequency electric field
between the grids is parallel to the electron
stream. This field accelerates the electrons at
one moment and retards them at another, in
accordance with the variations of the r.f. voltage applied. The resulting velocity- modulated
beam travels through afield-free " drift space,"
where the slowly- moving electrons are gradu-
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ally overtaken by the faster ones. The electrons
emerging from the pair of grids therefore are
separated into groups or bunched along the
direction of motion. The velocity- modulated
electron stream is passed to a " catcher"
rhumbatron. Again the beam passes through
two parallel grids; the r.f. current created by
the bunching of the electron beam induces an
r.f. voltage between the grids. The catcher cavity is made resonant at the frequency of the
velocity- modulated electron beam, so that an
oscillating field is set up within it by the passage of the electron bunches through the grid
aperture.
If afeed-back loop is provided between the
two rhumbatrons, as shown in Fig. 19-14, oscillations will occur. The resonant frequency depends on the electrode voltages and on the
shape of the cavities, and may be adjusted by
varying the supply voltage and altering the
dimensions of the rhumbatrons. The bunched
beam current is rich in harmonics, but the output waveform is remarkably pure because the
high Q of the catcher rhumbatron suppresses
the unwanted harmonics.
Magnetrons
A magnetron is fundamentally a diode with
cylindrical electrodes placed in auniform magnetic field with the lines of electromagnetic
force parallel to the elements. The simple cylindrical magnetron consists of a filamentary
cathode surrounded by aconcent ric cylindrical
anode. In the more efficient split-anode magnetron the cylinder is divided longitudinally.
Magnetron oscillators are operated in two
different ways. Electrically the circuits are
similar, the difference being in the relation between electron transit time and the frequency
of oscillation.
In the negative-resistance or dynatron type

-BIAS

+II V
1151/..A C

Fig. 19-14 — Circuit diagram of the klystron oscillator,
showing the feed-back loop coupling the frequency-controlling rhumbatrons and the output loop in the catcher.
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of magnetron oscillator, the element dimensions and anode voltage are such that the
transit time is short compared with the period
of the oscillation frequency. Electrons emitted
from the cathode are driven toward both
halves of the anode. If the potentials of the two
halves are unequal, the effect of the magnetic
field is such that the majority of the electrons
Direction of magnetic field—o.

(A)
Oirectcon of magnetic field

Filament

Anode

(B)
Conventional magnetrons, with equivalent
schematic symbols at the right. A, simple cylindrical
magnetron. B, split -anode negative-resistance magnetron.
Fig. 19-15 —

travel to that half of the anode that is at the
lower potential. In other words, a decrease in
the potential of either half of the anode results
in an increase in the electron current flbwing to
that half. The magnetron consequently exhibits negative-resistance characteristics. 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. Since the power
loss in the tube appears as heat in the anode,
where it is readily dissipated, relatively large
power- handling capacity can be obtained.
In the transit-time magnetron the frequency
is determined primarily by its dimensions and
by the electric and magnetic field intensities
rather than by the tuning of the tank circuits.
The efficiency is much better than that of a
positive-grid oscillator and good power output
can be obtained even on the superhighs.
In a nonoscillating magnetron with aweak
magnetic field, electrons traveling from the
cathode to the anode move almost radially,
their trajectories being bent only slightly by
the magnetic field. With increased magnetic
field the electrons tend to spiral around the
filament, their radial component of velocity
being much smaller than the angular component. Under critical conditions of magnetic
field strength, a cloud of electrons rotates
about the filament. It extends up to he anode
but does not actually reach it.
The nature of these electron trajcctories is
shown in Fig. 19-16. Cases A, B and C correspond to the nonoscillating condition. For a
small magnetic field ( A) the trajectory is bent
slightly near the anode. This bending increases
for a higher magnetic field ( B) and the electron moves through quite a large angle near
the anode before reaching it, signifying alarge
increase of space charge near the anode. For a
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strong magnetic field ( C) electrons start radially from the cathode but are soon bent and
curl about the filament in the form of a long
spiral before reaching the anode. This means a
very long transit time and a very large space
charge in the whole region where the spiraling
takes place. Under critical conditions ( D), no
current flows to the anode and no electron is
able to move from cathode to anode, but alarge
space charge still exists between the cathode
and anode. The spiraling becomes aset of concentric circles, and the entire space-charge
distribution rotates about the filament.
(A)

CD

03)

(D) (E) (F) (C)

e
1.4

Fig. 19-16 — Electron trajectories for increasing values
of magnetic field strength, II. Below is shown the corresponding curve of plate current, I. Oscillations commence when H reaches acritical value, II; progressively
higher-order modes of oscillation occur beyond this point.

Fig. 19-16E, F and G depicts higher-order
(harmonic-type) modes of operation in which
the space charge oscillates not only symmetrically but in transverse directions contrasting
to the vibrations of the fundamental.
In a transit-time magnetron oscillator the
intensity of the magnetic field is adjusted so
that, under static conditions, electrons leaving
the cathode move in curved paths which just
fail to reach the anode. All electrons are therefore deflected back to the cathode, and the
anode current is zero. When an alternating
voltage is applied between the two halves of
the anode, causing the potentials of these halves
to vary about their average positive values, the
conditions in the tube become analogous to
those in apositive-grid oscillator. If the period
of the alternating voltage is made equal to the
time required for an electron to make one

complete rotation in the magnetic field, the
a.c. component of the anode voltage reverses
direction twice with each electron rotation.
Some electrons will lose energy to the electric
field, with the result that they are unable to
reach the cathode and continue to rotate
Cathode

Fig. 19-17 —
Split- anode
magnetron
with
integral
resonant anode
cavity for
use at u. h.f.

about it. Meanwhile other electrons gain energy
from the field and are returned to the cathode.
Since those electrons that lose energy remain
in the interelectrode space longer than those
that gain energy, the net effect is a transfer of
energy from the electrons to the electric field.
This energy can be applied to sustain oscillations in aresonant transmission line connected
between the two halves of the anode.
Split-anode magnetrons for u.h.f. are constructed with a cavity resonator built into the
tube structure, as illustrated in Fig. 19-17. The
assembly is a solid block of copper which
assists in heat dissipation. At extremely high
frequencies operation is improved by subdivid-

—

Fig.
19-18 —
M ultisegment
magnetron
with four resonant cavities.
This construction is used for
extremely high
frequencies.

ing the anode structure into from 4 to 16 or
more segments, the resonant cavities for each
anode coupled by slots of critical dimensions
to the common cathode region, as in Fig. 19-18.
The efficiency of multisegment magnetrons
reaches 65 or 70 per cent. Slotted-anode magnetrons with four segments function up to
30,000 Mc. ( 1cm.), delivering up to 100 watts
at efficiencies greater than 50 per cent. Using
larger multiples of anodes and higher-order
modes, performance can be attained at 0.2 cm.

Amateur Microwave Technique
All the bands that have been assigned to amateurs in the microwave region have been used for
experimental two-way communication. Complete
descriptions of suitable equipment for all these
bands is beyond the scope of this text, but examples of the techniques employed are shown
below. Reference is made to various articles
that have appeared in QST, describing microwave gear used by amateurs, for those who wish
more details.
1215 Mc.
In this band it is possible to use a few moreor-less conventional triodes with linear circuits,
though great care must be used in designing such

layouts, and the efficiency will be very low. A
transmitter for 1215 Mc., designed and built by
W3MLN and W3HFW, is shown in Figs. 19-19
— 19-21. It uses a 703A doorknob triode, completely shielded, with the antenna as an integral
part of the assembly. The tube is mounted at the
end of a halfwave line. Output is capacitively
coupled to the folded quarter-wave antenna by
means of a probe mounted alongside the plate
line.
It should be emphasized that complete shielding of the oscillating circuit (including the tube
elements) is absolutely necessary. The circuit will
not oscillate at all if the shield is removed from
the grid and plate rods, and only very weakly if
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2300 Mc.
Most of the work on 2300 Mc. has been done
with lighthouse tubes in cavity oscillators,
though some of the klystron types such as the
707B have been used. Cavities for this frequency
may be aquarter wavelength, half wavelength or
three-quarter wavelength long.
Details of a half-wave cavity oscillator using
a2C40 lighthouse tube are shown in Figs. 19-21
and 19-22. This oscillator was designed and
built by W2RMA. It may be duplicated by any
worker who has access to a few metal-working
tools.
The main body of the cavity is 1-inch brass
pipe, silver plated. The end that fits over the tube
is cut out to an inside diameter of 1% 2 inch, the
only lathe work required. This end is also sawed
crosswise at several points so that it may bb
clamped tightly to the tube with a brass strap,
as seen in the photograph. Plate voltage is fed
Fig.

19-19 — An

oscillator

and

antenna

sN ,tein

for

1215 Mc., built as one unit. ( W3111eW — W3MLN)

the tube shield is not in place. Output is only
about one watt, with an input of 80 ma. at 350
volts, but two of these units have been used to
communicate over distances up to 12 miles or so
with S9 signals. The equipment is described in
detail by the designers in QST for April, 1948,
Page 16.
Lighthouse tubes in suitably designed circuits
are more efficient at this frequency. For best results cavities should be used, though trough-line
and flat-plate circuits have been used.
Parabolic reflectors are usually employed for
this and higher frequencies. It is desirable to
make the transmitter or receiver an integral part
of the antenna system if possible. If this cannot
be done, coaxial line of the shortest usable length
may be used. Air-insulated line is preferred to the
flexible polyethylene-insulated variety, because
of the higher losses in the latter.

2;i
Bakelite
Support

32

.f

I
e-- 2f

Detail of Balelite
SuPPorf

Fig. 19-21 — Detail drawing

1215 Mc.

of the 703A oscillator for

into the cavity through afeed-through capacitor
mounted on the side of the tubing, and power is
coupled out by means of a capacity probe and
coaxial fitting at the hot end. The cavity is tuned
with a screw mounted in the end, providing a
variable capacitance to the anode post.
Output, with a 250-volt supply, will be 50 to
250 milliwatts. This seemingly small amount of
power may be made to do very well with the
antenna gain that is possible at this frequency
with a parabolic reflector of reasonable dimensions. Gear for 2300 Mc. is described in QST for
July, 1946, Page 32, August, 1947, Page 128, and
February, 1948, Page 11.
3300 Mc.

Fig.

19-20 —

oscillator.

Schematic diagram of the 1215-Mc.

Lighthouse oscillators may be med on this
frequency, but it is close to the top limit of their
capabilities, so better results are obtainable with
the klystron types. An advantage of the latter is
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that the frequency of oscillation may be varied
over an appreciable range by changing the reflector voltage. This characteristic is also useful
in providing a convenient means of obtaining
frequency modulation. This sensitivity to voltage changes makes it desirable to use aregulated
hum-free supply.
On this and higher frequencies a convenient
system for two-way work is the use of aklystron
as both transmitting oscillator and as a local
oscillator for receiving. A crystal mixer is used in
this case, its output being fed into a receiver
serving as the i.f. system. If the receiver so used is
capable of f.m. detection it is only necessary to
modulate the klystron reflector voltage to provide f.m. communication of good quality. The
oscillators of the two stations in communication
are then operated on frequencies differing by the
value of the intermediate frequency selected. A
single antenna system is used for both transmitting and receiving, and no change-over arrangement is needed.
5650 Mc.
Amateur work in this range has been done
largely with reflex klystrons, two types of which
(2K43 and 2K44) are capable of operation within
our band. The one-tube system described above
may be used for each station, or of course separate tubes may be used for transmitter and local
oscillator. In the latter case two antenna systems
are required, but the transmitter efficiency is
somewhat higher as some power is dissipated
across the crystal in the one-tube arrangement.
Frequency modulation of klystrons is more
practical than amplitude modulation. Modulation
of the repellor voltage requires no audio power,
as there is no current drawn by this tube elemet t .
A carbon microphone and a microphone transformer, with the repellor voltage fed through
the secondary, will handle the audio requirements

Fig. 19-22 — A halfwave cavity oscillator for 2300 Mc.
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hole
8slots with
hack sa
4S eapart

Drill and tapi rod
for 10-32 screw.
Slot and clamp for

Solder

(A)

Solder

rigidity

fo.D.
I.D. (long
Brass tubing

(B)

(c)

MICA DISK
(Feed-back capacitor)

D.C.GR I
D CONTACT
Copper or Brass
ci.cios" to o.oiethick

kto I
mil thick

(E)
Saw 4slots

(D)

**deep

BRASS, WASHER
à thick
Type Nconnector

(F)

ODE P detto
ANOST
4
if0. D. Xà'ivall

Soft solder

ionors

Fig. 19-23 — Mechanical
lighthouse oscillator.
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The first two-way microwave communication
in amateur history was carried out in this way by
A. E. Harrison, \i'613:\ IS 2, and R. E. Merchant,
W2LGF, who operated in the temporary 5300Mc. band. Their equipment, described in QST
for January, 1946, Page 19, will also work in the
present band.
10,000 Mc.
The 723A/B reflex klystron, available at low
cost for some time on the surplus market, provided amateurs with a convenient and inexpensive means of operation on 10,000 Me. As manufactured, the tube will not ordinarily operate in
t
he amateur band without modification.
Like other tubes of the reflex klystron variety,
the frequency of oscillation is varied by warping
the built-in cavity. It is used with a modified
octal socket, with pin No. 4 removed and the
hole enlarged to pass the coaxial line that is part
of the tube. This line is terminated in an " antenna" which is ordinarily used to transfer power
to awaveguide.
Two vertical struts are provided for tuning,
one of which is already variable by means of
a stud, which spreads or contracts the flexible
strut on the right side, compressing or stretching
the bellows, lowering or raising the frequency respectively.
The upper limit of frequency range, reached
by rotating the tuning stud, will seldom be within
the amateur band, hence it is necessary to perform the following operation. It may be seen that
the top of the cavity is held in afixed position on
the strut on the side of the tube by two small
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nuts which, alter having been tightened, have
been spot-welded to each other. The spot weld
should be filed away until each nut can be moved
freely on the threaded stud. Next, the position
of these nuts should be adjusted very carefully, to
raise the top of the cavity as was done on the
other side. Extreme care should be used in this
operation, as excessive stretching of the bellows
may break some of the seals and render the tube
inoperative. It is advisable to move the lower
nut only until afirm resistance is felt. The operating frequency should then be checked, and if it is
still below the limit of the band another tube
should be tried, as any further attempt to raise
the frequency will almost certainly ruin the tube.
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Equipment for use on 10,00$ Mc. is described
in detail in QST for February, 1947, Page 58.
21,000 Mc.
Operation in this frequency, and in th cunassigned region above 30,000 Mc. is still highly experimental in nature. Only once has the 21,000Mc. band been used for amateur two-way communication. This was accomplished under laboratory conditions by two engineers whose specialty is development work in this field. Their
work is detailed in QST for August, 1946, Page
19. Type Z-668 reflex klystrons were used, with
horn and parabolic antenna systems, to work
two-way over adistance of 800 feet.

CHAPTER 20

Mobile Equipment
The amateur who goes in for mobile operation will find plenty of room for exercising his
individuality and developing original ideas in
equipment. Each installation has its special
problems to be solved.
Most mobile receiving systems are designed
around the use of ah.f. converter working into
a standard car broadcast receiver tuned to
1500 Ice. which serves as the i.f. and audio
amplifiers. The car receiver is modified to take
a noise limiter and provide power for the
converter.
While afew mobile transmitters may run an
input to the final amplifier as high as 100 watts
or.more, an input of about 30 watts normally is
considered the practical limit unless the car is
equipped with a special battery-charging system. The majority of mobile operators use ' phone.
In contemplating a mobile installation, the
car should be studied carefully to determine
the most suitable spots for mounting the
equipment. Then the various units should be
built in aform that will make best use of that
space. The location of the converter should
have first consideration. It should be placed
where the controls can be operated conveniently without distracting attention from the
wheel. The following list suggests spots that
may be found suitable, depending upon the
individual car.
On top of the instrument panel
Attached to the steering post
Under the instrument panel
In a unit made to fit between the lower lip
of the instrument panel and the floor at
the center of the car
On the left-hand door panel (detachable
when not in use)
Under the left-hand front seat
In the motor compartment ( controls extended through the instrument panel)
The transmitter power control can be
placed close to the receiver position, or included in the converter unit. This control
normally operates relays, rather than to switch

the power circuit directly. This permits a
minimum length of heavy-current battery
circuit. Frequency within any of the ' phone
bands sometimes is changed remotely by
means of a stepping-switch system that
switches crystals. In most cases, however, it is
necessary to stop the car to make the several
changes required in changing bands.
Depending upon the size of the transmitter
unit, one of the following places may be found
convenient for mounting the transmitter:
In the glove compartment
Under the it
panel
In a unit in combination with or without
the converter, built to fit bet ween the
lower edge of the instrument panel and
the floor at the center
Under the right-hand or left-hand front seat
On the ledge above the rear seat
Fastened to the back of the front seat
In the trunk
In the motor compartment
Most mobile antennas consist of avertical whip
with some system of adjustable loading for the
lower frequencies. Power supplies are of the
vibrator-transformer-rectifier or motor-generator
type operating from the car storage battery.
Units intended for use in mobile installations should be assembled with greater than
ordinary care, since they will be subject to
considerable vibration. Soldered joints should
be well made and wire wrap-arounds should
be used to avoid dependence upon the solder
for mechanical strength. Self-tapping screws
should be used wherever feasible, otherwise
lock- washers should be provided. Any shafts
that are normally operated at a permanent or
semi-permanent setting should be provided
with shaft locks so they cannot jar out of adjustment. Where wires pass through metal,
the holes should be fitted with rubber grommets to prevent chafing. Any cabling or wiring
between units should be securely clamped in
place where it cannot work loose to interfere
with the operation of the ear.

Noise Elimination
Electrical- noise interference to reception in a
car may arise from several different sources. As
examples, trouble may be experienced with ignition noise, generator and voltage-regulator hash,
or wheel and tire static.
A noise limiter added to the car b.c. receiver
will go far in reducing some types, especially
ignition noise from passing cars as well as your
own. But for the satisfactory reception of
weaker signals, some investigation and treat-

ment of the car's electrical system will be
necessary.
Ignition Interference
The metal caps terminating ignition wires at
the distributor usually are simply clamped
onto the ends of the cables and thus depend
upon an uncertain pressure contact with the
wire. These wires should be fitted with new
caps soldered to the conductor. The cable in-
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sulation should be inspected to make sure that
there is no stray break-down between wires
or to ground. Use fiber spacers to keep the
cables away from ground and rerun them, if
necessary, to keep them well spaced from lowvoltage wiring that may carry noise through
the firewall into the inside of the car.
The spark plugs should be kept clean and
adjusted to proper gap. They, and the common
distributor lead, should be fitted with good
carbon suppressors. Before purchasing these
resistors, it is a good idea to check them with
an ohmmeter, since individual units may vary
widely. A good resistor should measure within
20 per cent of 10,000 ohms. Sometimes r.f.
chokes in series with the resistors will bring
the noise down still further. Ohmite Z-28
chokes are usually quite effective in reducing
noise on 10 meters. The motor timing should
be readjusted after the insertion of suppressors.
The distributor points should be in good condition, of course.
Generator Noise
Generator hash is caused by sparking at the
commutator. It shows up as a high-pitched
whine that varies with the speed of the motor.
While the interference may not be noticeable
in the b.c. band, it usually increases in intensity
at the higher frequencies. At 4 Mc., and possibly 14 Mc., a large 15- volt electrolytic condenser ( 500 eifd. or more) connected between
the generator output terminal and ground,
alone or in conjunction with an r.f. choke in
series with the output lead, may be sufficient.
A few turns of No. 10 wire, space- wound, often
will be enough. To reduce the noise at 28 Mc.,
it may be necessary to insert a parallel trap,
tuned to the middle of the band, in series with
the generator output lead. The coil should
have about 8 turns of No. 10 wire, spacewound on a 1-inch diameter and should be
shunted with a 30-µpfd. mica
trimmer. It can be pretuned by
putting it in the antenna lead to
the home-station receiver tuned to
the middle of the band, and adjusting the trap to the point of
minimum noise. The tuning may
need to be peaked up after installing in the car, since it is fairly
critical.
Voltage- Regulator
Interference
'Chis type of interference may
show up only at 10 and 11 meters.
It is caused by sparking at the
regulator points as they operate to

Fig. 20-1 — The converter is clamped
to the steering post, while the transmitter rides suspended from the instrument
panel.

reduce the charging rate when the battery approaches full charge. A condenser cannot be
used across the contacts because it will cause
the points to burn out in ashort time. A satisfactory remedy for this type of noise is atoggle
switch on the instrument panel that shortcircuits the points when the switch is closed.
This removes the interference and acts to provide full generator output. This does no harm
so long as there is sufficient load on the battery
to prevent overcharging. If a double- pole
switch is used, it can be provided with asignal
light to remind the operator to open the switch.
Wheel Static
Wheel static shows up as a steady popping
in the receiver at speeds over about 15 m.p.h.
on smooth streets. It is usually not noticeable
on dirt, gravel or wet roads. It is caused by the
grease in the front- wheel bearings insulating
the wheels from the car. Front- wheel static
collectors are available on the market to eliminate this variety of interference. They fit
inside the dust cap and bear on the end of the
axle, effectively grounding the whe.A at all
times. Those designated particularly for your
car are preferable, since the universal type
does not always fit well. They are de5igned to
operate without lubrication and the end of the
axle and dust cap should be cleaned of grease
before the installation is made. These collectors
require replacement about every 10,0 miles.
Rear- wheel collectors have a brush that
bears against the inside of the brake drum. It
may be necessary to order these froul the factory through your dealer.
Tire Static
This sometimes sounds like a lealry power
line and can be very troublesome even on the
broadcast band. It can be remedied by injecting
an antistatic powder into the inner tubes
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(A)

(3)
i-6113 or
65861.

R9

R9

R,

c5 T
Fig. 20-2 — Diagrams showing addition of noise limiter
to car receiver. A — Usual circuit. 11 — Modification.
CI,Ca — 100-pfd. mica.
C2, C4, Cg — 0.01.pfd. paper.
Ca — 0.1-pfd. paper.
Ri — 47,000 ohms.
R2, Rio — 1megohm.
113 —
megohm
117, 118, R2 — 0.47 megohm.
114 — 10 megohms.
Its —
megolim.
Ra — 0.1 megohm.
Ti — I.f. transformer.
Vi — Second detector.
the valve stem. The powder is marketed by Chevrolet and possibly others.
Chevrolet dealers can also supply a convenient
injector for inserting the powder.
through

Tracing Noise
To determine if the receiving antenna is
picking up all of the noise, the shielded lead-in
should be disconnected at the point where it
connects to the antenna. The motor should be
started with the receiver gain control wide
open. If no noise is heard, all noise is being
picked up via the antenna. If the noise is still
heard with the antenna disconnected, even
though it may be reduced in strength, it indicates t
hat some signal from the ignition system

is being picked up by the antenna transmission
line. The lead-in may not be sufficiently- well
shielded, or the shield not properly grounded.
Noise may also be picked up through the 6-volt
circuit, although this does not normally happen if the receiver is provided with the usual
r.f.-choke-and-by-pass-condenser filter.
With the motor running at idling speed or
slightly faster, checks should be made to try to
determine what is bringing the noise into the
field of the antenna. It should he assumed that
any control rod, metal tube, steering post, etc.,
passing from the motor compartment through
an insulated bushing in the firewall will carry
noise to apoint where it can be radiated to the
antenna. All of these should be bonded to the
firewall wit h heavy wire or braid. Insulated
wires can be stripped of r.f. by by-passing
them to ground with 0.5-pfd. metal-case condensers. The following should not be overlooked: battery lead at the ammeter, gasoline
gauge, ignition switch, headlight and taillight
leads and the wiring of any accessories running
from the motor compartment to the instrument panel or outside the car. For cars having
Electrolok ignition systems, there is a special
condenser that fits in the space in the top of
the coil and by-passes the battery-supply wire
from the ignition switch to the primary of the
ignition coil. For other models, there is space
in the top of the coil housing where a0.02-afd.
1000- volt mica condenser can be mounted.
This measure is usually very effective, since it
prevents the main source of noise from feeding
into the interior of the ear. The wire from the
coil to the switch should be shielded, with the
shield grounded to the firewall.
The firewall should be bonded to the frame
of the car and also to the motor block with heavy
braid. If the exhaust pipe and muffler are insulated from the frame by rubber mountings,
they should likewise be grounded to the frame
with flexible copper braid.
Noise Limiter
Fig. 20-2 shows the alterations that may be
made in the existing car- receiver circuit to
provide for a noise limiter. The usual diodetriode second detector is replaced with a type
having an extra independent diode. If the car
receiver uses octal- base tubes, a 688GT may
be substituted. The 7X7 is a suitable replacement in receivers using loktal-type tubes,
while the 6T8 may be used with miniatures.
The switch that cuts the limiter in and out
of the circuit may be located for convenience
on or near the converter panel. Regardless of
its placement, however, the leads to the switch
should be shielded to prevent hum pick-up.

A Bandswitching Mobile Converter
The circuit diagram of a bandswit (ling
converter covering the 75-meter ' phone band
and all of the 20-, 11- and 10- meter bands is
shown in Fig. 20-3. The output circuit of the r.f.

stage is broad- banded and thus requires only
initial adjustment. By means of inductance slugs,
it is tuned to the approximate center of each
band. The high-frequency oscillator uses ahigh-C
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Colpitts circuit. Each of the bands is spread out
over a good portion of the dial so there is no
difficulty in tuning in and holding asignal. An
air trimmer, C9, is provided so that the tuning
may be adjusted to calibration from the panel.
The output coil, L14, is tuned to 1500 kc. and is
coupled to the input circuit of the b.c. receiver by /. 16 .
A 5-circuit switch takes care of bandswitching in all circuits. One coil serves for both 27
and 29 Mc. at the input of the r.f. stage. A
separate eoil for 27 Mc. is required in the output circuit. In the h.f. oscillator circuit, the
same coil is used for both of the latter bands,
but the tuning range is altered by switching in
the series capacitance made up of C14 and C15 for
the 28- Mc. band. C10 is added at 14 Mc. primarily
for bandspread purposes, but it also improves the

frequency stability on this band as welL
One section of the bandswitch, S1E, together
with the final tap of SIA, serves to connect the
antenna to the b.c. receiver when the ronverter
is not in use. The last switch section, Ale', turns
off the filaments of the converter as well as the
two panel-illuminating lamps, /1 and automatically when the switch is turned to the b.c. position. Power for the converter is taken from an
outlet added to the b.c. receiver. A dropping
resistor in the b.c. set should be inserted if the
"B" voltage to the converter exceeds 180
under load.
Construction
The converter shown in Fig. 20-4 is built
on a 5 X 7 X 2- inch aluminum chassis. A
box, 5% inches high, made of sheet alumin-

Fig. 20-3 — Circuit diagram of the mobile converter.
— 50-ppfd. variable air trimmer ( National PSE-50).
C2, Cs, C4, CI21 CI3 — 0.01-dd. disc ceramic.
C5 — 100-ppfd. mica.
C6, C7 — 220-upfd. silvered mica.
CS— Approx. 40-ppfd. variable ( Millen 19050 with one
rotor and one stator plate removed).
CS — Approx. 5-ppfd. variable ( National PSE-25 with
all but two plates removed).
Cie — 100-ppfd. silvered mica.
Cii — 47-ppfd. silvered mica.
Ci 4 — 470-pad. silvered mica.
Cis — 330-ppfd. silvered mica.
CIS — 200- 55 M. mica trimmer.
CI7 — 50-ppfd. ceramic.
Cis — 0.1-pfd. paper.
• — 100 ohms, % watt.
B2 — 22000 ohms, % watt.
• — 15,000 ohms, % vs att.
114 — 22,000 ohms, % watt.
Rs — 15,000 ohms, 1watt.
Rs — 10 ohms, 1watt.
I.i— 15 turns No. 24 d.s.c. scramble-wound below L2.
L2 — Approx. 40 ph. (CTC 5- Mc. type LS-3slug-tuned
coil, 10 turns removed).
L3 — 4turns No. 24 d.s.c. below grounded end of Li.
L4 — Approx. 3.5 pb. (CTC 10- Mc. type LS-3 slug.
tuned coil).
L5— 3turns No. 24 d.s.c. below grounded end of Lo.

143 — Approx. 1uh. — 11 turns No. 22, % inch diam.,
inch long (
crc type LS-3form, less slug).
L7 — Approx. 110 ph. (CTC 1-Mc. type IS-3 slugtuned coil, 75 turns removed).
LS— Approx. 8ph. (CTC 10- Mc. type LS-3slug-tuned
coil).
1. 9 — Approx. 2.2 ph. (
crc 10-Mc. type LS-3 slugtuned coil, 4 turns removed).
1.10 — Approx. 1.9 ph. (same as Ls).
1. 11 — Approx. 30 ph. (
crc 5- Mc. type I.S-3 slug-tuned
coil, 25 turns removed).
1.12 — Approx. 6 ph. 6 turns No. 20, % inch diam., %
inch long (B&W 3003 Miniductor) slipped oyez
CTC type LS-3slug-tuned form..
1.12 — Approx. 0.2 ph. — 3turns No. 16, % inch diam.,
% inch long (11&W 3002 Mimductor slipped
over CTC type 1.5-3 slug-tuned form).
L14 — Approx. 450 ph. (CTC 1-Mc. type LS-3 slug.
tuned coil).
Lis — 20 turns No. 24 d.s.c. scramble-wound below bypassed end of LI4.
I
I, 12 — 6.3-volt 150-ma. dial lamp.
Ji — Shielded jack (ICA 2378).
J2 — Pin plug ( ICA 2375).
J3 — 4-contact chassis-mounting plug (Janes S-304-AB).
RECI — 2.5-mh. r.f. choke ( National R-50).
Si — Bandswitch — see text.
Note; CTC LS-3coils and forms obtainable from Allied
Radio, 833 West Jackson Blvd., Chicago 7, III.
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Mg. 20-4— The completed bandswitehing mobile eonvcrter ready to install. At the bottom, the r.f. input
tuning is on the left and the oscillator trimmer on the
right-hand side of the bandswitch.

um, is fitted around the chassis. Half-inch
lips are bent over along the top and bottom
edges of the sides, and along all four edges of
the front and rear ends. The lips along the side
edges of the front panel extend down only to
the chassis. The box is assembled with machine
screws and nuts. Four long machine screws
through one side of the chassis provide means
fop attaching aclamp mounting so that the converter may be fastened to the steering post.
The Na
MCN dial is placed on the
front panel so that it will line up with the shaft
of the oscillator tuning condenser which is
mounted directly on top of the chassis. It is
necessary to notch out the front edge of the
chassis for the dial mechanism.
The bandswite is placed underneat h at 1he
center of the front edge of the chassis, with the
controls fur input tuning and oscillator trimmer to either side. The switch is made up from
Centralab kit parts. All switch wafers are of
the two-pole five-position type. One ceramic
wafer (Type RR) is used for Sic and Sm in
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the amplifier-output and oscillator-circuits.
This section is spaced two inches from the
index head (Type P123). The other two wafers
are of bakelite (Type K). The innermost of
these serves for Sm and SlF, while the end
section takes care of Sip and Sm. Two and
one half inches back of the ceramic section,
the two 6-inch switch-assembly rods pass
through an aluminum bracket which provides
a rugged brace for the rear end of the switch
gang. The first bakelite switch wafer is spaced
inch behind this bracket and the second
wafer is
inch behind the first. The input
tuning condenser, CI,also is mounted on this
aluminum bracket and is controlled by an
extension shaft from the panel in front. The
oscillator trimmer condenser, C9, is fastened
directly on the front edge of the chassis.
The placement of the two tubes can be seen
in the top- view photograph of Fig. 20-5. The
converter tube is near the front of the oscillator
tuning condenser and the amplifier tube is to
the rear, covered with a shield.
CTC ( Cambridge Thermionic Corp.) slugtuned coils and coil forms are used for the
various inductances. Details are given under
Fig. 20-3. Special care should be exercised in
removing turns from the coils, since the fine
wire with which they are wound breaks very
easily. The placement of the coils can be judged
from the bottom-view photograph of Fig. 20-6.
In that view, the oscillator coils are the three
near the bottom. From left to right, they are for
the 75-, 20- and 10-11 meter bands. The three
coils above are in the output circuit of the r.f.
arnplifier. From left to right, they are for the
20-, 10- and 11-meter bands. The 75-meter
coil is above, mounted horizontally from the
side of the chassis. The r.f. input coils are to the
extreme left, grouped around the end of the
switch. From top to bottom, they are for 10-11,
20 and 75 meters. The output coil, L14, is hidden
under the lip of the chassis in the extreme upperright corner. Its tuning condenser, C16, is the
mica trimmer in the lower-right corner of the
top- view picture (Fig. 20-5). A grommeted hole
in the top cover permits adjusting this condenser
after the top is in place. This may be
found convenient in case it is necessary
to shift the i.f. slightly to avoid interference from a strong local b.c. signal at
1500 kc. The inductance of L7 is
trimmed from the side, while the slugs
of all other coils are adjusted before the
cover is fastened down.

Fig. 20-5 — Top view of the bandswitching
converter with the cover removed to adjust
the various inductance slugs. The object to
the right is the dial-lamp shield.
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jig. 20-6 — Bottom view of the bandswitching mobile converter showing the placement
of the miniature coils.

A short length of coaxial line connects
the output winding L15 tO the switch.
Another external length connects the
output of the converter to the input of
the b.c. receiver. A pin jack at the rear
provides a connection for the antenna
input. Power connections are made at the rear
through afour-contact connector.
Provision for illuminating the dial at night
is made with a simple home- brewed arrangement. One end of apiece of shim brass or copper about 3inches square is rolled alittle more
than halfway around a pair of standard 6.3volt dial lamps placed butt to butt. The ends
of the partial cylinder thus formed are covered
by soldering in small discs of the same material. The lamps are then spaced about an
inch apart and their shells are soldered to the
metal enclosure. The two lead tips of the lamps
are joined by a short piece of wire which connects to the " hot" side of the filament circuit.
The remainder of the sheet is inserted be—
tween the top lip of the panel and the cover.
By loosening the cover screws, it is possible to
adjust the position of the lights for best illumination of the dial scale. The lamps should not
need replacement often because the dimmer
resistor, R6, cuts the current down well below
normal rating.

munications receiver at 2300 kc. ( 3830 minus
1500). To hear the signal. it may be necessary
to run
wire from a point near the oscillator
coil to the antenna terminal of the station receiver. Now, with an antenna connected to the
input of the converter, swing the input tuning
mondenser. C1,through its range, listening for a
ueak in noise. If none is found, set the slug in
L7 to a different position iind try again. As
soan as anoise peak is found on C1,adjust the
slug in LT for maximum response. The same
procednre is followed for the 20- meter band,
setting the tuning condenser at maximum, adjusting the slug in LI') until the oscillator is
heard at 12,500 kr. ( 14,000 minus 1500), and
then peaking up the r.f. stage input and output
circuits. In this case, a second response point
may be found. This is the image response to
signals at 11,000 kc. If two response points
are found, peak CI and La at the response of
higher frequency.
On the 10- meter band, which should be taken
care of next, the oscillator is tuned to the highfrequency side of the desired signai. So, with
the dial at the maximum-capacitance end, and
Adjustment
the switch in the 2S-Me, position, adjust the
The output circuit of the converter tube
slug in Lia until the oscillator signal is heard on
should be adjusted first. Before proceeding,
the station receiver at 29,500 he. ( 28,000
retrim the input circuit of the b.c. set to the
plus 1500), and then trim up the r.f. stage
antenna with the bandswitch in the b.c. posituning as before. The image response will
tion. Then switch to any of the four converter
come at 31,000 kc.. so be sure to peak up the
positions and tune C16 for maximum noise
r.f. circuits at the response of lower frequency.
with the b.c. receiver tuning set at 1500 kc.
Adjusting the slug in L.
11 for 23 Me. also
The next step is to tune the h.f. oscillator to
should place the oscillator in the correct range
the appropriate ranges, starting with the 75for the 11- meter hand when the switch is in
meter band. On all but the 10- 11- meter band,
the 11- meter position. CI has sufficient range
the oscillator is tuned to the low-frequency
to cover both bands, but the separate r.f.
side of the signal frequency. Since the i.f. is
stage output coil, La, must be peaked up. If it
1500 kc., the oscillator should be tuned 1500
is found that the 11-mner range cernes too far
kc. lower than the desired signal. For the range
off on the dial, it may be necessary to slide the
of 3800 to 4000 kc., the oscillator should cover
10- meter range toward one end of the dial or
the range of 2300 to 2500 kc. To accomplish
the other by readjusting the slug in L12
this, turn the bandswitch to the 75- meter
slightly. As an a!ti rnative, the correction may
position, set the tuning condenser, Ca, at
be made by al;ering the rapacitanee of either
maximum and adjust the slug in LI'until the
series capacitor, CI.' or Cm.
oscillator signal is heard on the station corn-
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A Mobile Converter for 28 and 50 Mc.

The converter shown in Figs. 20-7 to 20-10
was designed for mobile reception on 6, 10,
and 11 meters, but it may also be used in fixedstation work with good results. The intermediate frequency is 1500 kc., to permit its
use with mobile broadcast receivers.
Circuit Details
The converter circuit diagram is shown in
Fig. 20-8. A 6AK5 broadband r.f. amplifier
is followed by a 6J6 mixer-oscillator. The oscillator circuit is the ultraudion type, operating 1500 ke. below the signal frequency. The
need for gang-tuned circuits is eliminated by
the broadband r.f. amplifier: thus only the oscillator tuning condenser, CI,requires adjustment during normal tuning operation. Band

Fig. 20)1bandswitelting converter for 1), 10 and
11 meter, '
Ile pilot light at the lower right has an
adjustable beam, for convenience in mobile work.
changing is accomplished with a 5-section
selector switch, shown on the diagram as
SU, 13, c, DPE.
Seven commercially-available coils are used,
six of them being identical except for the setting of the slugs. The wide inductance range of
the slug-tuned units makes it possible to use
similar coils for the r.f., mixer and oscillator
coils for both ranges. l'adder capacitance is
added across the 10- meter r.f. and mixer coils,
Li and L6,and across both oscillator coils, L7
and Ls. Varying the slug position takes care
of the necessary differences in coil inductance
for all these positions.
A single whip antenna may be used for both
broadcast and amateur reception. A jumper
connection between sections A and E of St
completes the circuit between the antenna and
the broadcast receiver, with the switch in the
position marked B.C. in Fig. 20-8. A filament

switch, 52, is provided to remove the load of
the converter tubes from the car battery when
the receiver is being used for broadcast reception.
Broadbanding of the r.f. and mixer circuits
is accomplished through the use of low- Q coils
and tight coupling in the antenna circuit. The
plate coil of the mixer is self-resonant at the intermediate frequency, giving a degree of broadness
sufficient to permit tuning the receiver over a
limited range near the high end of the broadcast
band, providing avernier effect.
Construction
All of the metal components are formed from
ís-inch aluminum stock. The interior view,
Fig. 20-9, shows the " L"-shaped section
which serves as the front panel and the bottom
plate of the unit. The panel and the bottom
areas are each 5 inches square. Lips, !:¡ inch
wide, are folded over along the top and side
edges of the panel and also along the sides
of the bottom section. The rolled-over edges
are drilled and tapped to accommodate 6-32
machine screws.
A three-sided portion and a square top
plate complete the converter cabinet. The
sides are 5 inches square and the rear wall is
5% inches wide. All three sides are 5 inches
high with - inch flanges folded over on the
top edges and drilled and tapped for 6-32
screws. The sides and bottom edges of the case
are drilled to clear machine screws; the holes
should line up with the tapped holes of the
panel- bottom assembly. A rectangular hole,
inches high and 2 inches wide, is cut at
the bottom left-hand corner ( as seen from the
mar of the converter) of the rear wall, to provide clearance for the cable connectors. The
top plate for the converter measures 5 by 5
inches. Holes, drilled along the edges, allow
the cover to be fastened to the flanges at the
top of the cabinet.
The physical shape of the converter chassis
can best be visualized by study of the interior
views. The chassis is 5by 4% by I% inches in
size, with flanges
inch wide folded over
along the front and the bottom edges to pro4-inch
vide a means of mounting. A 23% X 33
cut-out at the center of the chassis allows
clearance for the bandswitch. A large round
hole located in the rear wall of the chassis
simplifies the job of finding the oscillator
padder condenser when this control requires
adjustment.
A vertical partition used as the mounting
surface for the oscillator tuning condenser, C1,
also serves as the shield between the plate and
the grid circuits of the r.f. amplifier. It is 3
inches wide and 4% inches high, and is notched
to clear the main chassis and the spacer bars
and rotor arm of the bandswitch. The partition is held in place by a spade lug which
passes through the chassis and by a mounting

441

MOBILE EQUIPMENT

Fig. 20-8 — Circuit diagram of the bandswitching v.h.f. converter.
— 15-pfd. variable reduced to one stator and 2
rotor plat, Millen 20015).
C2, C3, C4 — 3-30-ppfd. mica trimmer ( Millen 27030).
C13, C7 — 0.0015- 51d. ceramic (Centralab DA048002A).
Cs, C, — 100-ppfd. ceramic (Centralab CC32Z).
Cs, Cut -- 10-ppfd. ceramic (Centralab CC20Z).
Cu — 500-gpfd. ceramic (Centralab D6501).
Cl2
0.01-pfd. ceramic (Centralab DA048003A)Ri — 220 ohms, Y2 watt.
112, Rs — 680 ohms, %¡ watt.
R3 — 1.5 megohms, 1
A watt.
114— 12,000 ohms, F2 watt.
118 — 47,000 ohms,
watt.
117 — 5000 ohms, 10 watts.
LI, L2 — 4turns No. 28 d.s.c. close-wound over ground
ends of L3 and L4.

Lz, L4, Ls, lo, L7, Ls — 6 turns No. 20 enameled wire
close-wound on 5%-inch diameter form; slug.
tuned: inductance range 0.35 to 1.0 ph. (Cambridge Thermionic Corp. LS3-30 Me.).
L3 — Scramble-type winding on %-ineI slug-tuned
form; inductance range 325 to 750 ph. (Cambridge Thermionic Corp. LS3-1 Mc.).
Lio — 20 turns No. 28 d.s.e scramble-wound next to Go.
It — Adjustable-beam dial-light assembly.
JI, is — Coaxial-cable jacks ( Amphenol 75-PC1M).
— 3-prong cable connector (Jones P-30MB).
RFC' — 300-ph. r.f. choke ( Millen 34300).
Si A, 13, C, 1), E — 2-gang 6-circuit bandswitch (two Centralab SS sections).
Sz — S.p.s.t. toggle switch.

lip which is screwed to the bottom side of the
cabinet. It is located 3inches in from the front
edge of the chassis.
The heater switch and the pilot-light assembly are mounted at the lower
left- and right-hand corners of the
front panel with the bandswitch at
the center, I% inches up from the
bottom edge. The selector-switch
index plate should have a rotorshaft length of at least 3 inches,
and the switch wafers should be
mounted on the shaft with the first
separated from the index plate by
1-inch spacers and with the second
wafer separated from the first by
I% inches.
The National MCN dial is centered above the banclswit eh with
the control shaft 3inches above the
bottom edge of the panel. It is wise
to cut the large mounting hole suggested in the dial- mounting instruction sheet and then do the final
fastening down of the dial after the
tuning condenser and its mounting

plate have been permanently secured in place.
The interior view of the completl converter
shows the 6:11i5 amplifier tube in front of the
shield partition, with the grid inductances to

•
Fig. 20-9 — Interior view of the converter. Only the oscillator is tuned by the
front-panel control, eliminating tracking
problems.
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the right of the tube. The padder condensers
for 27 and 28 Mc. are mounted on the forward
coil. From left to right across the rear of the
chassis are the mixer-oscillator tube, five of
the slug- tuned inductances, and the regulator
tube. The i.f. output coil and the two oscillator
coils are mounted below the chassis, as seen in
the bottom view of the chassis subassembly.
The r.f. plate coils are above the chassis to the
left of the OB2 regulator, the 28- Mc, coil
being the one with the trimmer condenser
mounted across the terminals.
Construction will be simpler if the builder
uses coils as shown. The Type LS3 30- Mc, induetors will resonate at 50 Mc. with the tube
and circuit capacitances, and only a small
padder capacitance is required to tune them
to 27 and 28 Mc.
Coaxial jacks for the antenna and i.f. output
cables are at the rear of the chassis to the left of
the power-cable jack. They are closely grouped
so that the input and output cables may be
taped together to form acommon cable.
Wiring can be done readily if the subassembly method is employed. The bottom-view
photograph of the chassis, Fig. 20-10, shows how
the circuit components are closely grouped around
the tube sockets, with wiring completed to the
point of making connections to the band-switch.
Twin-Lead of the 75-ohm type is used to make
the connection between the antenna input jack
and the bandswitch. The two wires enclosed in
spaghetti at the right of the chassis in the
bottom view are the 6.3-volt leads which go to
the heater switch.
Testing
The heater requirements of the converter
are 6.3 volts at 0.625 amp., and the plate supply should deliver 200 to 250 volts at 25 to 30
ma. These may be drawn from the receiver
with which the converter is to be used, or a
separate supply may be employed. With power
turned on, the plate voltage of the mixer and

r.f. amplifier should measure 105 volts and the
6AK5 cathode resistor should provide a drop
of approximately 2 volts. The 6AK5 cathode
current should be about 8.5 ma. The regulatortube drain will be about 8 ma.
Alignment of the converter is made most
simple if a calibrated signal generator is available, otherwise amateur transmitter signals of
known frequency may be used. The r.f. and
i.f. circuits can be peaked on background
noise. The oscillator stage should be on the
low side of the signal frequency. It is possible to vary the bandspread of the converter
over a wide range. With a fairly low order of
padder capacitance, and with the inductance
increased by the tuning slug, the 10- and 11meter bands can be covered with one swing of
the tuning dial. Anyone not interested in 11
meters can increase the bandspread on the
10-meter range by adding more padder capacitance and by decreasing the inductance of L8.
The converter as shown has 13 divisions of
bandspread at 11 meters and 52 divisions as
10 meters, with the logging of frequenciet
made on the B scale of the dial. Bandspread
for the 50- Mc, band is 48 divisions on the A
scale. This spread may be increased by the
same method.
Some operators favor a selected group of
frequencies within a band. A slight improvement in the performance of the converter can
be made in this case by peaking the r.f. amplifier circuits at a favorite spot rather than at
the center of aband. There may be atendency
toward regeneration in the 50- Mc. r.f. amplifier, however, if the input and plate circuits
are peaked at precisely the same frequency,
making stagger tuning desirable.
Reducing Spurious Responses
In localities where there are stations operating in the high FM band a converter or receiver having broadband r.f. stages will experience considerable interference on the
50- Mc. range. This can be corrected
in several ways, the simplest being
the insertion of a 100- Me, trap in
the antenna lead.

Fig. 20- IC — Construction of the converter
is made easier if as much wiring as possible
is done before the assembling is completed.
This bottom view of the chassis subassembly shows the wiring completed to
the point of connection to the bandsw itch.
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A Mobile Converter for 144 Mc.
Working directly into the car broadcast
receiver with a converter, as is done normally
on lower- frequency bands, is not satisfactory
for 144- Me, work. Because the highest obtainable i.f. in such a system is 1600 ke., the
image rejection is very low. Signals repeat
within the band, making it very difficult to
distinguish between the true signal and its
image. A logical solution is to carry the conversion process one step further and design a
2- meter converter to work into a second converter designed for a lower frequency. The
latter then feeds the signal into the car b.c.
receiver.
This approach is employed by W1DBM in
the 144- Mc. converter shown in the photographs of Figs. 20-11 through 20-14. The output frequency is 14 Mc., but it could just as
well be 28 Mc. with suitable modification of the
output coil, L6. The output of this converter can
be fed into the 28- and 50-Mc, converter described in the preceding section, or into any of
the various manufactured converters on the
market covering the 28- or 14-Mc. ranges.

use a single shield for both i.f. and r.f. stages.
This shield (shown in the bottom-view photograph of Fig. 20-14) is notched to clear the tube
prongs. The surrounding components must be
mounted in such positions that the snield can
be dropped into place and screwed down as a
final operation

Electrical and Mechanical Details
The circuit diagram, Fig. 20-13, shows a
6AK5 r.f. amplifier, 6J6 mixer-oscillator, and
a6AK5 i.f. amplifier. The pentode screens and
the triode plates are fed through an OB2 voltage regulator. Slug- tuned coils are used in
the 144- Mc, circuits for relatively broad response. The oscillator is tuned by asmall splitstator condenser, with a ceramic padder for
band-setting purposes. The mixer and i.f.
plate coils are slug-tuned and are shunted with
fixed ceramic condensers.
To hold down the overall size, some care
must be used in planning the lay-out and assembly procedure. By mounting the tube
sockets in the position shown, it is possible to

Fig. 20.12 — Rear iew of the 2-meter mobile converter,
with dust cover removed.
The panel is 4 by .
1!, inches in size, this
being determined by the dimensions of the
Millen 10039 dial. The chassis is 5
inches
long, 4V2 inches wide and 1% inches deep.
With this depth, the OB2 regulator socket
must be submounted, because it is of greater
height than the 6AK5s and 6J6. The panel
and bottom are folded from a singLe piece of
1/16-inch aluminum, with 3%-inch lips turned
up on the sides.
In addition to the holes for the tuf.e sockets,
the chassis has a cut-out for the tuning condenser. The condenser is mounted ruggedly on
a heavy angle bracket in position è,o that its
shaft lines up with the hole in the vernier dial.
Coaxial connectors for the antenna and output, and asmall shielded 3- wire receptacle are
mounted on the rear edge of the chassis.
The dust cover is also of 1/16- inch aluminum sheet. It has aremovable back plate, with
clearance holes for the coaxial fittings and
power plug. Two mounting angles of 3/32inch aluminum are bolted to the top edges of
the cover. These must be strong since they are
used to fasten the converter under the instrument panel. The unit is completely wired and
tested before mounting in the combination
panel and bottom cover. A clearance hole in
the side of the chassis provides for final adjustment of the oscillator padder.
Pretesting

Fig. 20-11 — Mobile (MN erter for 144 Mc. The heavy
angle brackets are designed for mounting the converter
under the dash.

The slug-tuned coils can be adjusted to approximately the correct settings by the use of
a grid-dip meter. If the coils are made closely
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RP AMP

MIXER

14 Mc.

6J6

C
a

1.F. AMP
6410

Ca

14 Mc
L
a

Ant.

ir

7

Output

150 to 203 V. —
Miniature
Shielded
Pwr. Plug

C2

6V

-

Fig. 20-13 — Wiring diagram of the 141- Me. mobile converter.
— 3-gpfd. ceramic.
La— Iturn. No. 20 enameled in inch long on CTC slugC2,Ca, C4 — 30- 55 1d. ceramic.
tuned roil from 48.inch diameter, brass slug
CS,CS — 50-µd(1. ceramic.
(apprii‘imatelv (1.08 ph.)
Cs — 4-30-µpfd. ceramic [ladder.
L4 — 3 turns \ o. 12 tinned wire, 9 inch long, 71 ;
4-inch
C7 — Miniature split
ator, 2 rotor and 2 stator plates
inside diameter, with ,1
,¡..-inch leads to condenser.
per section, , louble-spaced, double bearing.
L8, L8 — 15 turns No. 28 enameled wire Yt inch long on
Co — 4-rrftl. 430- volt electrolytic.
CTC slug- tuned :),z,inch diameter coil form,
Cie—C25 — 0.001- or 0.005-pfd. disc ceramic.
combination iron and brass slug ( approximately
2.5 ah.)
RI, 112, Ha, 117, Its — 270 Ants, 32 watt.
L7 — 4turns No. 28 enameled wire wound at cold end of
113, 114, RIO — 1000 ohms,
watt.
coil form.
115 — MOM ohms,
watt.
Values of LS, Lo and L7 are for 14- Mc. i.f.
— 10,000 ohms. 10 watts.
RFC1, RFC2, RFC4 — I - watt 1-megolim resistor wound
Ru — 13,000 ohms. 12 watt.
full with No. 32 enameled wire.
1112 — 1.5 megohnts. 12watt.
111:C3 — I-watt hinegolim resistor wound full with No.
1.1 — 2 turns No. 20 enameled wire at cold end of L2.
18 enameled wire.
L2 — 5turns No. 20 enameled wire is inch long on CTC
coil forms ( new ceramic type with high- freslug-tuned coil form 1
,,-inch diameter, iron slug
quency iron preferred) manufactured by the Cambridge
(approximately 0.17 ph.)
Thermionie Corp., 546 Concord Ave., Cambridge, Mass.

crc

to the dimensions given, it should be possible
to adjust them and the oscillator padder, close
enough to the proper values so as to be able to
receive signals without further adjustments
than these. The slugs should be adjusted before
the heater and plate voltages are applied.
After this has been done, the converter
should be placed in operation, using it in conunction with the home-station communica-

tions receiver. The slug and padder settings
should be rechecked, peaking the r.f. grid coil
at 145 Mc., and the mixer grid coil at 147 Mc.
for uniform response across the band. The
mixer and i.f. amplifier plate coils can be
peaked for maximum receiver noise. A slight
readjustment of the oscillator padder condenser may be needed when the converter is
installed in its case.

•
Fig. 20-14 — Under-chassis view of
the 2-meter converter. The coils at
the bottom of the photo are (
left) r.f.
grid and (
right) mixer grid. At the
top, same order, are the i.f. amplifier
and mixer plate coils. The latter is
partially obscured by the small disc
ceramics.

•
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A Bandswitching Transmitter for the Car
A complete compact bandswitching transmitter for mobile work, covering the 75-, 20-,
11- and 10- meter bands is shown in Fig. 20-15.
The circuit diagram of the r.f. and control
sections appears in Fig. 20-17. A 5763 miniature tube in the oscillator drives a2E26 output
stage. An octal tube socket, Jt,set in the frunt
panel where it can be reached easily, serves as
the crystal socket. With the crystal plugged
into prongs 6and 8, and prongs 4and 7shorted
with ajumper, the circuit is aTri-tet with the
cathode tank adjusted for maximum 29- Mc.

phone are included in the r.f. unit 1,o avoid
split cabling from the control box. 83 is in the
cathode circuit of the 2E26. This permits cutting off the amplifier while monitoring the
oscillator which is still left running.
A milliammeter may be plugged in at J4 to
read either output-stage cathode current or
grid current, depending upon the pœition of
S4. If desired, R7 can be a multiplier shunt so
that both currents can be measured with a
single low-range (5- or 10-ma.) meter.
Modulator
The circuit of the modulator is shown in
Fig. 20-20. It consists of a 12AT7 dual triode
driving a 6N7 Class- B stage. The first section
of the 12AT7 is operated as a grounded-grid
amplifier so that a carbon microphone may be
conveniently fed to the input without a transformer. Microphone voltage is obtained from the
drop across Rt.A 3-circuit plug is needed, as
indicated in Fig. 20-17. B1 is a small 6-volt battery for bias.
Construction

Fig. 20-15 — Ahandswitching mobile transmitter. From
left to right are the control unit, the r.f. unit and the
modulator.
output from a7- Mc. crystal. With this adjustment, adequate output is obtained also on the
other bands. however, if desired, the circuit
can be easily changed to a straight pentode
circuit for straight- through operation at the
crystal fundamental by plugging the crystal
into prongs 4 and 6 and jumpering prongs 1,
4and 8, thus cutting Li and C1 out of the circuit.
The octal socket also provides means for feeding a VFO, through prongs 6and 8with prongs
1and 8 strapped together, to the input of the
crystal stage. If desired, the extra socket prongs
can be used to bring out power for the VFO,
should one be used.
The oscillator stage is capacitively coupled
to the amplifier. The plate of the latter stage
is parallel fed. RFC 1 is a v.h.f. parasitic suppressor. A three-gang, three-position, rotary
switch takes care of the bandswitching, changing coils in both stages and also the output
coupling coils. The 10- and 11-meter bands are
covered with asingle set of coils.
Modulator connections are made at J5.
With a5- wire cable connecting J6 of Fig. 20-17
to Ji of Fig. 20-20, the connections include
power supply to the modulator. Connections
between the r.f. unit and the power supply are
made through J6. This is a 5- prong plug to
avoid any mistake in plugging in the cables.
S5 is the filament switch and it can be used
also to control simultaneously power and antenna relays. A cable from asmall control box
plugs into J3. The control-box wiring also is
shown in Fig. 20-17. Connections to the micro-

In building the r.f. unit, an aluminum chassis, 5 X 7 X 2 inches is fitted with an aluminum box of sheet stock that makes the total
height 6inches. A strip 4Y2 inches wide is bent
to fit around the sides and back of the chassis,
overlapping the chassis by AI inch along the
bottom edges. The panel, which is 6 inches
high and 5 inches wide, has ;.-inch lips bent
along the vertical sides down to the chassis
level. These serve as a means for fastening the
sides of the box to the panel. A partition 4
inches high and 5 inches wide, with 3/2inch
lips along the vertical edges, placed approximately 4 inches behind the panel, divides the
enclosure into two sections. Approximately
half- way up on the panel, the amplifier tuning
condenser, C14, and the bandswitch, St,are
spaced with their shafts 13
4 inche› in from
either edge. The antenna tuning condenser,

Fig. 20-16 — Top view of the bandswiu'ling mobile
transmitter. The oscillator is at the rear and the amplifier and antenna-coupling section in front.
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Fig. 20-17 — Circuit diagram of the bandswitching mobile transmitter.
CI, Co — 100-ppfd. mica.
C2, C4, CO— 0.01- µfd. disk cera
.
C3 — l00-pfd. variable ( Millen 19100).
CO, Cuz, CI3 — 0.002-pfd. mica.
C7 — 0.005-pfd. disk ceramic.
Cs, CIO — 0.0001-pfd. disk ceramic.
Cit — 0.0068-pfd. mica.
CI4 — 100-mpfd. variable ( Millen 201(10).
Cus — 140-ppfd. variable ( Millen 20110).
Ri — 0.1 megohm, 4 watt.
li2 — 0.1 megohm, 1 watt.
Rs— 1000 ohms, 10 watts.
Rc — 18,000 ohms, 1watt.
lis — 50 ohms, 3/2 watt.
Rs — 20,000 ohms, 10 watts.
117 — 50 ohms, 1watt.
14 — 2 ph.— 16 turns No. 22. I2 ¡ Mil haut.,
inch
long (B & W 3004 Nliniditetor).
14— 0.4 ph. — 7 turns No. 18. ', inch diam., 1 inch
long (B & W 3006 Nlinidoctor ,
14-1.2 ph. — 18 turns No. 18. I2 inch diam., I inch
long (B & W 3003 Miniductor,.
L4 — 18 gh.— 64 turns No. 22, ', inch diam., 2 inches
long ( B & W 3008 Miniduetor).
L5 — 0.5 h. — 8 turns No. 18,
inch diam., 1 inch

long ( B & W
liniductor 3006); link 3 turns
wound on outside.
— 2.1 ph. — 19 turn, \ o. 22.
inch tuant., 11
4
inches long ( B
V. 3007 Nliniductor); link 4
turns of ,V2inch Miniductor in-erted.
1.7 — Sanie as IA; link 10 turns I
NI iniduetor inserted.
Ii — 6.3-volt signal lamp.
.11 — Octal tube socket.
J2 — 3-circuit micron'
jack.
.13- 4- prong female connector (Jones S-404-AB).
14 — Closed-circuit jack.
J5 — 6-prong tube socket.
Js— 5-pin chassis-mounting plug.
J7 — Coaxial connector ( Amplienol Type 111).
Pj — 3-circuit microphone plug.
P2 — 4-prong plug connector (Jones P-401-ccr).
— 1-ph. r.f. choke ( National H-33).
lirCs—
r.f. choke.
SI— Band-, itch — shown in 4- Me. position (see test).
S2 — Microphone-relay switch (included in
.
rophone).
S3 — Amplifier cathode switch — s.p.s.t. toggle.
Sei — Meter switch — d.p.d.t. toggle.
S5 — Filament switch — s.p.s.t. toggle.

Cm ,is spaced centrally above. The indicator
lamp, I, is mounted at the center. Along the
bottom edge of the panel, from left to right in
Fig. 20-15, are the filament switch, Sf
i, the
meter switch, S4, the control for the oscillator
tuning condenser, C3, and the crystal socket.
Corresponding holes must be cut in the chas.sis.
The output connector, J7, is set in the right side
of the box near the front corner.
After the panel has been drilled, the first
part of the bandswitch should be assembled
and mounted. The switch is made up of Centralab kit parts. It starts out at the front with
the index assembly (Type P123). Section SIC
(Type H) should be spaced M inch back of the
index. A second similar switch section should
be spaced V
I inch back of the first. The contacts of this section are wired together; it

serves only as a means of terminating the
common ends of the output link coils. Spaced
inch more toward the rear is a third switch
section which also may be of bakelite ( Type
H). The contacts of this section also are wired
together and the section serves as a termination and support for the common ends of the
output tank coils. Spaced 2 inches farther to
the rear is the fourth switch section, Sin. This
should be a ceramic wafer ( Type X).
When the coils have been soldered in place,
the two variable condensers may be mounted.
Then the panel can be held temporarily in
place while the socket for the 2E26 is located
in the remaining available space. This done,
the partition is drilled to fit the switch-assembly rods, including aclearance hole for the
shaft. The partition is spaced % inch from the
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Fig. 20-18 — Bottom view of the bandswitching mobile
transmitter.

last-assembled switch wafer. On the other side
of the partition, spaced M inch, is another
ceramic wafer, Slit. The final section, spaced
1z inches behind ASIA is of bakelite and this
serves as a support and termination for the
common ends of the oscillator plate coils.

in the left-hand side of the chassis, toward the
rear, while the modulator and power connectors, Jg and Js, are mounted in the bark edge.
The modulator components are enclosed in
a5 X 10 X 3- inch aluminum chassis, 'es shown
in Fig. 20-19. With the exception of the modulation transformer and the biasing battery, the
parts are mounted on a shelf or partition that
spans the chassis. An aluminum strap clamps
the bat wry against one side. Half-inch holes
near the tubes provide ventilation.
The control unit, included in Fig. 20-15 is
enclosed in a National Type RO shield can
whose depth has been reduced to a little over
2 inches. The open end is closed with a piece
of aluminum cut to fit and fastened in with
small angles. Tabs are provided for fastening
to the lip along the lower edge of the instrument panel in the car. The interconnecting
cables are shielded in copper braid.
The power-control relay winding connects
across Pins 3 and 4 of Jg. The ungrounded side
of the battery connects to Pin 5 and plus h.v.
to Pin 2.

Fig. 20-20 — Circuit diagram of the
modulator for the bandswitching
transmitter.
C: — 0.01-gfd. disk ceramic.
•
8-gfd. 450-volt electrolytic.
C3 — 20-gfd. 25-volt electrolytic.
C4 —
0.001-gfd. disk ceramic.
It: — 470 ohms, 1 watt.
112 — 22,000 ohms, 1watt.
113 — 0.5-megohm potentiometer.
• — 1500 ohms, IA watt.
Ils — 4700 ohms, 1watt.
• — 6-volt dry battery.
Ti — Interstage transformer, 1:2 ration (Thordarson T20A16).
T2 — Modulation transformer. I'll.:
10,000 ohms plate to plate.
Sec.: 5000 ohms. (Stancor
A:1845).

The miniature oscillator tube is placed so
that it will not interfere with mounting C3
underneath the chassis. RFC2 is placed alongside the 2E26 and fileCi is suspended between
the plate cap and the top of RFC2. The control
connector, J3, and the meter jack, J4, are set

fig. 20-19 — Inside view of the modulator for the band.
switching mobile transmitter.

Adjustment
The transmit ter will operate satisfactorily with
any supply delivering 300 to 500 volts. Naturally,
the power output will be commensurate. With a
300-volt supply, the total current, including that
of the modulator, and with the output stage
loaded to about 55 ma., will run approximately
90 ma. and up to 125 ma. with modulation. At
450 volts, the total current will be near 130 ma.
increasing to 170 ma. under modulation, the,
output-stage cathode current running about.
80 ma. fully loaded. The output stage should
operate properly with a grid current of 0.5 to
2ma. If it exceeds this value the output circuit of
the oscillator should be detuned to limit the grid
current. The audio control should be preset to
give adequate modulation.
In all cases, the output stage operates as a
straight amplifier. For 27-29- Mc. output, a
crystal in the 7- Mc, region is required, and the
output circuit of the oscillator is tuned to the
fourth harmonic.
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CHAPTER 20
Mobile Gear with Quick-Heating Filaments
for 50 and 144 Mc.

A worth-while saving in battery drain can
be made by using filament- type tubes in the
mobile station, arranging the control circuits
so that the filament voltage is applied simultaneously with the starting of the generator
or vibrator supply. The mobile transmitters
shown in Figs. 20-21 to 20-29 combine operation on 50 and 144 Mc. They use Hytron
instant- heating filament tubes throughout. All
the necessary control and power-supply circuits are given in the schematic diagrams.
Fig. 20-21 shows the three units. At the left
is the 144- Mc, transmitter, with the 50- Mc.
rig at the right. The modulator, shown between them, may be used with either unit.
By means of suitable interconnecting cables,
connections for which are shown in the schematic diagrams, it is possible to select either
band by operation of a single switch at the
control position. Operation thereafter is controlled entirely by the push-to-talk switch on
the microphone.
Both units use Valpey type CM-5 crystals
in the 24- 27- Mc. range, with a 2E30 Tri-tet
oscillator doubling to 48-54 Mc. The oscillatordoubler drives a Hytron 5516 amplifier directly in the 50- Me. transmitter. A Type 5812
tripler drives the 5516 final in the 144- Mc. rig.
The modulator uses two 2E30s driven directly
by a carbon microphone. Coaxial output fittings are provided for antenna connection, and
a series-tuned antenna coupling circuit is included in each unit. Note that the jacks for
metering purposes are recessed in back of the
panels, to prevent contact with the high
voltage, adanger spot in many mobile installations.
The 50-Mc. R.F. Section
The 50- Mc. r.f. unit, Figs 20-22, 20-23,
and 20-24, is built on an aluminum chassis 4
inches square and 2 inches high. The panel is
4 inches square, with a half- inch lip folded
over across the bottom for fastening to the

chassis. Arrangement of the parts is obvious
from the photographs. It will be seen that the
screen dropping resistor, 112, is a lower value
in this unit than in the 144- Mc. one. More oscillator power was required, as the final stage
is driven directly, and the value of the screen
resistor is a good means of controlling oscillator output.
No neutralization of the final was required,
but a slight regenerative tendency at some
condenser settings was corrected by the insertion of 115, a 22-ohm resistor, at the grid
terminal of the 5516.
The I44-Mc. Portion
The 2- meter r.f. section is built on a standard 2 X 5 X 7- inch chassis, with a6 X 7-inch
Typical Operating Conditions in the 50- and
144- Mc. Mobile Transmitters of Fig. 20-21 When
Used with a 300-Volt Supply.

Stage
50- Mc. Ose.
144- Mc. Osc.
144 Mc. Tripler

50- Me. Amp.
144-Me. Amp.
Modulator

Plate
Current

Screen
Voltage

30 ma.
30

200 v.
175

—
—

150
220
160
300

3ma.
3

40
60
60
50-60

Grid
Curren!

panel. The oscillator is similar to the 6- meter
one, except as noted above. It is followed by a
tripler stage using a5812, atube similar to the
2E30 but designed specifically for frequency
multiplication. The plate circuit of this tube is
inductively coupled to the final grid circuit.,
L3 and L4 being hairpin-shaped loops visible
in the bottom view, Fig. 20-27.
Note the method of neutralization used in
the final stage. The copper fin ( designated as
C15 in Fig. 20-26) visible in the rear view of
the 144- Mc. unit is a device occasionally
found necessary in tetrode amplifiers. In this

Fig. 20-21 — A complete mobile station

for 50 and 1.1-1- Me, using quick-heating filament tithes. The 144\lc. r.f. section is at
the left, the 50-Nle.
portion at the right,
and the modulator in
the middle.
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Details Common to Both Units

Fig. 20-22 — Rear view of the 50-Mc. r.f. section. The
knob above the cha,sis is the cathode control. The final
tank circuit is at the upper left, with antenna serirs
tuning at the upper right.

case the physical layout was such that the gridplate capacitance was effectively negative;
thus the addition of external capacitance directly from grid to plate. The position of the fin
is adjusted in the normal manner. It was made
by hammering out the end of apiece of isinch
copper tubing.

The Tri-tet circuit is modified for filamenttype tubes by using closely-coupled ( interwound) coils in the filament leads and tuning
one of them. This cathode circuit is resonated
slightly higher than the frequency marked on
the crystal. It may be tuned for maximum grid
current indication in the succeeding stage.
There are various types of crystals for the
24- 27- Mc. range. Until recently such crystals
have been highly active but very unstable,
and great care has been necessary to prevent
extreme drift when they were used. Most
crystal companies now supply harmonic- type
crystals that are less active, but much more
stable. The same cathode circuit will work
with either variety, but more input will have
to be run to the oscillator to achieve the same
grid drive when the new type of crystal is used.
If the old- type crystals are used the screen
resistor, R2, can be increased to as much as
120,000 ohms, dropping the total cathode current to about 20 ma. At this input the drift,
with the unstable type of crystal, is not severe.
It amounts to approximately 20 to 30 kc., at
144 Mc., but may be as much as ten times this
value if the oscillator is not operated correctly. The newer types of crystals show a
quick drift of a few kilocycles at 144 Mc., as
the plate voltage is applied, but remain fairly
steady after the first few seconds.
The cathode- circuit values given are correct
for either type of crystal. The cathode coils,
Lip and Lm, are made by winding with two
wires simultaneously. A coating of household
cement over the windings will hold them together, giving the coil the appearance of a
single winding.

Fig. 20-23 — Schematic diagram of the 50-NIe. mobile unit.
I.2 — 7 turns No. 18 tinned,
diameter, ,7
4; inch
long (B & W Miniductor, No. 3002).
L3 — 8 turns No. 20 tinned, 12inch diameter, 1 inch
long (B & W No. 3002).
LS— 7 turns No. 20 tinned, V2inch diameter, 316 inch
long (B & W No. 3003).
II— Pilot-lamp assembly with 60-ma. bulb.
Ja — Closed-circuit jack.
.13 — Coaxial output fitting.
Pi — 4-prong male plug (Jones P-304- AB).
RFC1, RFC2 — 7-mh. r.f. choke (Ohmite Z-S0).

CI, CS— 50mord. variable ( Nlillen 20050).
C2, C3— 15-5 51d. ariable ( Millen 20015).
Cis ClI, C7, Co, CID — 470-umfd. mica.
CS— 22 mord. mira or ceramic.
RI — 0.1 megohrn, 4 watt.
Ri — 39,000 ohms, 1watt.
Rs — 100 ohms, !--¡ watt.
RS— 15,000 ohms, !/2"watt.
RS— 22 ohms, 1.L.watt.
Its — 8000 ohms, 2 watts.
1.4$ — Internound coils, each 12 turns No . 18
enamel, 3-inch diameter.
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Fig. 20-24— Bottom
view of the 50- Mc.
rig. Note the interwound cathode coil at
the left.

The Modulator and Control
Circuits

Provision is made for metering the grid ami
plate circuits of the final stages by means of
jacks in each rig. An approximate check on
the final plate currents, sufficient for normal
tuning-up purposes, is provided by a 60- ma.
pilot lamp connected in the high-voltage lead to
the final plate coil. After afew comparisons between the bulb brilliance and observed platenteter readings it will be possible toestimate the
plate current fairly closely by this means. The
red jewel in front of the lamp also allows it to
serve as a power-on indicator. Off- resonance
or no-drive plate current in the 50- Mr, final
stage may be sufficient to burn out
a 60- ma, pilot lamp, so a / 50- ma.
bulb may be used during the initialtest phases. Once the rig is adjusted
there is little likelihood that the
current will exceed 80 ma. or so,
which the 60- ma, lamp will take in
stride.

•
Fig. 20-25 — Rear
view of the 144- Mc.
mobile unit. The copper fm st the side of
the final tube is aneutralizing adjustment.

The modulator, Figs. 20-28 and
20-29, is also the power-distribution
unit. Control of the power system is
by the push- to-talk microphone button, or the toggle switch, SI,by which
the transmit ter may be turned on and
off conveniently from the test position. This
switch is, of course, normally open. The only
other control switch is one to be mounted at
the operating position to select the band to
be used. If only one r.f. section is constructed
this remote selector switch ( not shown in the
schematic (liagrams) and its associated power
socket, J2 in Fig. 20-29, can be dispensed with.
The male power plug, P1 in Fig. 20-29, and
the three female power sockets, J2,J3 and J4,
are mounted along the back of the modulator
chassis. Power details of a typical installation
are shown at A and B in this diagram. A 3- wire

451

MOBILE EQUIPMENT
Osc — Dblr

Tripler

Amphfler

Fig. 20-26— Schematic diagram of the 144- Mc. r.f. section.
CI— 50-upfd. variable ( Millen 20050).
C2, Ca, C4 — 15-iosfd. variable ( Millen 20015).
C5— 6-zufd.-per-section butterfly variable (Cardwell
ER-6-BFS).
C0 — 35- pfd. variable (Millen 20035).
C7, Cs, Cg. C11, Cl2, C13, C14, C15, C17, C18, C19, C20. Ci
— 470-mmfd. mica.
Cis — 47-itufd. mica.
Cie — Neutralizing-capacitor plate — see text
and
Fig. 20-25.
111, R4 — 0.1 megohm,
watt.
112 — 82,000 ohms,
watt.
Ra — 100 ohms, A watt.
R5 — 33,000 ohms,
watt.
Rs — 15,000 ohms, A watt.

R7 — 22,000 ohms, 1watt.
LIA, LIB — Interwound coils, each 13 turns No.18 enamel, 3
/8inch diameter.
L2 — 7 turns No. 18 tinned, )/2inch diameter, 7.1'
j inch
long (B & W Miniductor No. 3002).
L3, L4 — hairpin loops No. 14 wire, 11
/1,inch.rs long,
inch wide. (See bottom view, Fig. 20-27.)
L5 — 6 turns No. 14, c.t., with 3
/8inch space at center,
114inch diameter, 1inch total length.
1.0 — 1 % turns No. 14 enamel, 3'-inch diameter.
It — Pilot-lamp assembly with 60-ma. bulb.
11, .12 — Closed-circuit jack.
13 — Coaxial output fitting.
Pi — 4-prong male plug (Jones L-304- AB).
RFC', RFC2, RFC3 — 1.8- 511. r.f. choke (Ohmite Z-144).

shielded cable can be used between the power
sources, B, and the power plug, P1, on the
modulator. The wires carrying the filament
current and •the generator starting current
should, of course, be heavy conductors. The
cable shield can be used for the common
ground, Pin 2on Pt.
If the filament selector switch is located at a
distance from the modulator the leads from it
to J2 should be of wire capable of carrying 2
amperes without appreciable drop. As indi-

cated in the diagram, there should be 4- conductor cables from J3 to the 50- Mc. r.f. section, and from J4 to the 144- Mc. unit.
The modulator uses asingle stage, without a
speech amplifier. Though this necessitates
close talking it makes for economy and simplifies bias problems. It also keeps down powersupply noise (electrical) and car noise ( mechanical). With a300-volt supply there is adequate audio for modulating the final stage of
either rig. Bias is supplied by a 30-voIt hear-

Fig. 20-27 — Bottom
.icm of the 144- Mc.
transmitter. Note the
hairpin loops in the
tripler plate and amplifier- grid circuits.
Oscillator components
are at the left, the
tripler in the middle,
and the amplifier at
the right.
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•
Fig. 20-28 — Bottom
view of the modulator
and power-distribu•
tion unit.

ing-aid battery, which shouhl be good for two
years or more of ordinary use.
Testing
Operation of this equipment is similar to
that of any transmitter using tetrode tubes,
Modulator

(A)

(R I Battery

To Remot
111 Switch

To P,
50ek Xmtr

Start ne
Relay

To P,
144 Mc Xmlr

Power
Supply

Fig. 20-29 — Schematic diagram of the modulator unit.
Chassis size, 2by 5by 7inches. Connections to the power
plug and jacks on the unit arc shown at A. External power
circuits are given in il.
Bi — Bias battery, 30 volts ( Everearly No. 430 hearing.
aid type).
Ji — Microphone jack, double-button type.
.112, J3, J4 — 4-prong female plug (Jones S-304-AB).
Pu — 4-prong male plug (Jones P.304-AB).
Si — S.p.s.t. toggle switch.
Ti — Microphone transformer (Thordarson T-20A02).
T2 — Modulation transformer (Stancor A-3845).

except for the removal of filament voltage during stand-by periods. A supply voltage of 300
is recommended, though lower or higher
voltages may be used with suitable modification of the circuit values. No more than 300
volts should be applied to any of the smaller
tubes, in any case, and the generator type of
supply is recommended.
Bench testing can be done with an a.c. supply, though there will be some hum in the
modulation. Operation should be checked,
starting with the oscillator, with plate voltage
applied to this stage only until it is running
properly. An insulated rod, or an empty ' phone
plug, can be inserted in the amplifier plate jack
to permit tuning the exciter portion without
damaging the final tube. The accompanying
table shows the approximate voltages and currents that will result from use of a 300- volt
,upply, when the rigs are properly tuned. All
.ontrols except the final plate and antenna
coupling should be adjusted for maximum filial
grid current.
The antenna coupling circuit shown will
permit the use of almost any coaxial- line- fed
antenna system. The proper method of adjustment is to set the coupling at the loosest
value that will permit the proper plate current to be drawn when the series condenser is
tuned for plate current peak. If the system is
properly tuned there will be little, if any,
change in the position of the final plate tuning
for minimum plate current, with and without
the antenna connected to the coaxial output
fitting.
Conclusion
Because the form factor of the mobile installation will be different with almost every
car, no particular case or mounting is shown.
The designs merely show practical parts arrangements and electrical values, leaving the
shape and placement of the units to the individual constructor.
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Mobile Power Supply
By far the majority of amateur mobile installations depend upon the car storage battery
as the source of power. The tube types used in
equipment are chosen so that the filaments or
heaters may he operated directly from the
battery. High voltage may be obtained from
a supply of the vibrator- transformer- rectifier
type or from a small motor-generator operating from the battery.
Filaments
Because tutees ‘vit hdirectly- heated cathodes
(filament- type 1111)es) have the advantage that
they van be t
tinned off during receiving periods
and thereby reduce the average load on the
bat tery, they are preferred by some for transmitter applications. However, the choice of
types with direct heating is limited, especially
among those for 6- volt operation, and the
saving may not always be as great as anticipated, because directly-heated tubes may require greater filament power than those of
equivalent rating with indirectly-heated cathodes. In most cases, the power required for
transmitter filaments will be quite small compared to the total power consumed.
Plate Power
Under steady running conditions, tne vibrator-transformer- rectifier system and the
motor-generator- type plate supply operate
with approximately the same efficiency. However, for the same power, the motor-generator's overall efficiency may be somewhat lower
because it draws a heavier starting current.
On the other hand, the output of the generator
requires less filtering and sometimes trouble is
experienced in eliminating interference from
the vibrator.
Mobile Power Considerations
Since the car storage battery is alow- voltage
source, this means that the current drawn
from the battery for even a moderate amount
of power will be large. Therefore, it is important that the resistance of the 6- volt circuit
be held to aminimum by the use of heavy conductors, no longer than necessary, and good
solid connections. A heavy-duty relay should
be used in the line between the battery and
the plate- power unit. An ordinary toggle
switch, located in any convenient position,
may then be used for the power control. A
second relay may sometimes be advisable for
switching the filaments. If the power unit must
be located at some distance from the battery

(in the trunk, for instance) the 6- volt cable
should be of the heavy military type.
A complete mobile installation may draw
30 to 40 amperes or more from the 6-volt battery. This requires a considerably inereased
demand from the ear's battery-chargieg generator. The voltage-regulator systems on cars
of recent years will take care of a moderate
increase in demand if the car is driven lair distances regularly at a speed great enough to
ensure maximum charging rate. However, if
much of the driving is in urban areas at slow
speed, or at night, it may be necessary to
modify the charging system. Special communications-type generators, such as those used
in police-car installations, are designed to
charge at a high rate at slow engine speeds.
The charging rate of the standard system can
be increased within limits by tightening up on
the voltage-regulator spring. This should be
done with caution, however, checking for excessive generator temperature or abnormal
sparking at the commutator. The average car
generator has a rating of 35 amperes, but it
may be possible to adjust the regulatot so that
the generator will at least hold even with the
transmitter, receiver, lights, heater, etc., all
operating at the same time.
Another scheme that has been used to increase generator output at slow driving speeds
is to decrease slightly the diameter of the generator pulley. This means, of course, that the
generator will be running above normal at
high driving speeds. Some generators will not
stand the higher speed without damage.
If higher transmitter power is used, it may
be necessary to install an a.c. charging system.
In this sytem, the generator delivers a.c. and
works into a rectifier. A charging rate of
75 amperes is easily obtained. Commutator
trouble often experienced with d.c. generators
at high current is avoided, but the cost of such
a system is rather high.
Some mobile operators prefer to use a separate battery for the radio equipment. Such a
system can be arranged with aswitch that cuts
the auxiliary battery in parallel with the car
battery for charging at times whet , the car
battery is light ly loaded. The auxiliary battery
can also be charged at home when not in use.
A tip: many mobile operators make a habit
of carrying a pair of heavy cables five or six
feet long, fitted with clips to make a connection to the battery of another car it case the
operator's battery has been allowed to run too
far down for starting.

Mobile Antennas
Most mobile antenna systems are basically of
the quarter-wave type, the car body serving as a
ground plane. Exceptions are the half-wave
systems sometimes used for 50- and 114- Me.
operation. At 29 Mc., a simple quarter-wave

vertical whip (approximately 8 feet) is feasible
for mounting on a car. If the distance between
the transmitter and the base of the antenna is
short, such an antenna can be fed simply as
shown in Fig. 20-30A, the condenser tuning out
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Fig. 20-32 shows approximate capacitances for
various sizes of conductor and lengths.
From the circuit of Fig. 20-31A, it is seen that
any current flowing through R must also flow
through the reactance of C. The capacitance of an
8-ft. whip averages about 25
fd., representing a
capacitive reactance of about 2000 ohms at 4
Mc. This reactance can be eliminated by adding
a loading coil in series, as shown in Fig. 20-31B.
The reactance of the coil must be equal to the
reactance of the condenser; in other words, the
system is tuned to resonance, leaving only the
resistance of the coil in series with the radiation
resistance of the antenna.

Fig. 20-30 — At 28 Mr. an 8-ft. whip can be coupled by
asimple link if the antenna is close to the transmitter,
or otherwise by acoaxial cable.
the reactance of the coupling link. If the line
must be over a foot or so, it is best to feed the
antenna with coaxial cable, as shown at B.
Fifty-two-ohm cable provides areasonable match,
but a more accurate match can be obtained by
using two sections of 73-ohm cable in parallel.

•4- MC.

OPERATION

A quarter-wave system for lower frequencies
usually is simulated by the addition of loading
inductance and capacitance to the 10-meter whip
to make the system resonant at the operating
frequency, although mechanical considerations
sometimes may make it necessary to use a radiator shorter than 8feet.
The approximate theoretical equivalent of a
very short antenna is shown in Fig. 20-31A. R
represents essentially the radiation resistance
which is in the vicinity of 0.5 ohm for an 8- ft.
whip at 4 Mc., while C is the capacitance of the
antenna which may be determined approximately
from:
17L

C. =
[(
where

°ge

24L
—

1]

[1 —

(FL 2
2
71 ) ]

= capacitance of antenna in µµfd.
L = antenna height in feet
D = diameter of radiator in inches
F = operating frequency in Mc.
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l
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Loading Coils
Since the power output of the transmitter is
now divided between the antenna and the loading
coil in proportion to their resistances, maximum
power will be delivered to the antenna when the
resistance of the loading coil is made as small as

LENGTH OF RADIATOR IN FEET

(B)

(A)

12

eD..

e

,

410

IS

20

ANTENNA

In

1,

All

IL

41

...

CAPACITANCE— W.

Fig. 20-32 — Graph showing the capacitance of short
vertical antennas for various diameters and lengths.
possible. Because the resistance of even a good
coil may lw several times the antenna resistance,
it is most important that the Q of the coil be as
great as possible. Coils of high Q require large
diameter, and large conductor wound in " airwound" fashion. The turns should be spaced
approximately the diameter of the conductor and
the insulation should be good. \\lien! " airwound" construction is not mechanica IIv feasible, the form should be of the best low-loss
material available, such as large-diameter polystyrene rod.
Top Capacitive Loading

Input

Input

(A)

(s)

Fig. 20-31 — A — Equivalent circuit of short antenna
without loading. B — Equivalent circuit with loading
coil.

Since the coil resistance vatic:: with the inductance of a coil, the resistancu can be further
reduced by decreasing the size of the coil. This
can be done if the capacitance of the antenna
above the coil is increased correspondingly to
maintain resonance. In addition, such capacitive
loading increases the current in the upper part
of the antenna from which most of the useful
radiation takes place. Some capacitance can be
added by increasing the diameter and length of
the antenna, as Fig. 20-32 indicates, but to
obtain appreciable increase in capacitance, it is
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resonance. Thus the gain is offset somewhat by
the increased resistance of the coil. If the coil
alone were moved to the top of the antenna, only
the self-capacitance of the coil would remain and
the coil would become impractically large. Experience has shown that the best comrromise
is obtained when the coil is placed at about the
center of the antenna.
However, if sufficient top loading capacitance
is added, the best position for the coil is at the
top of the antenna, directly under the " hat,"
since the added capacitance sets a reasonable
value on coil size. Sometimes the " hat" is made
in the form of a can enclosing the coil. But a
metal enclosure will lower the Q of the coil appreciably, unless it is about three times tle. diameter of the mil. If the diameter of the enclisure is
limited for mechanical reasons, it is much better
to use a plastic enclosure to protect the coil
against weather.
Tuning

Fig. 20,11 — The top-loaded 4- Me, antenna used by
W'reSCX. The loading coil is aB & W transmitting ma'.
The coil can be tuned by the variable link which is
connected in «series with the two halves of the coil.

necessary to add et large capacitive surface at the
top of the antenna, or as close to the top as
mechanically feasible. Capacitive " hats," as they
are usually called, may consist of a large metal
ball, acylindrical can or, as shown in Fig. 20-33
(Bib. I), awheel structure of aluminum wire. The
capacitance of the latter can be increased ley cos
('ring it with aluminum screening. Fig. 20-34
gives the approximate capacitance to be expected
with top-loading devices of various forms and
dimensions.

Since the total resistance of the antenna system is low, it becomes very critical in adjustment
to resonance, and the power drawn from the
transmitter will drop off rapidly as the frequency
is changed either side of the resonant frequency
of the antenna syskm, requiring retuning for
changes of more than 5 kc. or so in operating
frequency. Various schemes have been devised
for tuning the loading coil. In addition to the use
of closely-spaced taps on the coil and a shorting
clip, a variable brass slug or disk flipper is sometimes used (see Fig. 20-35A) ( Bib. 2). Turns can
also be shorted out with aslider arrangeaient, as
shown at B ( Bib. 3). A metal ring, surrounding the
coil, but not in contact with it, can be used to
vary the tuning 100 ke. or so by moving it up and
down along the coil. This arrangement is rketched
at C ( Bib. 4). The physical form of high-Q coils
does not lend itself well to any of these devices,
however. In this case, asmall variable inductance
at the base of the antenna is sometimes used for
tuning purposes. Because of the resistance it introduces, it should be made only large enough to
110
100
90
CYL /NDER

so

SPHERE

Coil Location
Whether a top caparitance is used or not,
placing the loading mil at. the base is easiest
mechanically, but appreciable increase in effective radiation can be obtained by moving the
coil up on the antenna, since this increases the
current in the upper portion of the antenna. ( If
the coil is connected at the base, it should make
little difference whether the coil is mounted inside
or outside of the ear. In either case, the coil and
its lead to the antenna should be kept well spaced
from the car body and the connecting lead should
be short.) As the coil is raised on the antenna, the
capacitance tuning it is reduced, so that more
turns must be added to the coil to maintain
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Fig. 20-34 — Capacitances of spheres, disks and cylinders in free space. These values are approximately those
to be expected when used with top-loaded whip antennas. The cylinder length is assumed to be equal to its
diameter.
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Wdiy

Slotted
bakehte
strip

lidudar
form

ISto 6 copper
wire ring soldered
to brass lug

Bakelite
tubiny

(A)

(B)

(c)

Fig. 20-35 — Three methods of varying loading-coil: inductance. In A, a brass slug is moved up or down inside the
coil form. A slider contacting the turns of the coil is shown at B. In C, acopper ring surrounding the coil is moved
up or down on a sliding arm. The bakelite tubing prevents contact between the ring and the coil.

cover the desired band of frequencies, being
entirely shorted out for the high-frequency end
of the range.
Feeding the Loaded Whip
Since the total resistance of the loading coil
and antenna is usually amatter of 10 ohms or so,

7- and 14-Mc. Operation
The operation of the antenna for 7and 14 Mc.
is similar to that described for 4 Mc., except that
the loading coil will be smaller and the efficiency
will be higher. At 14 Mc., it may be possible to
dispense with the loading coil entirely if the top
loading capacitance is made sufficiently large.

eANTENNAS
Fig. 20-36 — Matching coaxial
line to the loaded whip. Li is a
coil of about 5 ph. for IMc. The
line is tapped on at : detail Iph.
1. 2 is the regular loading coil, reduced by the amount of inductance in

FOR

50 AND 144 MC.

A common type of antenna employed for
mobile operation on 50 and 144 Mc. is the
quarter- wave radiator which is fed with a
Fig. 20-38— Method of feeding quarter-wave
mobile antennas with coaxial line. CI should
have a maximum capacitance of 75 to 100 ppfd.
for 28- and 50- Mc. work. LIis an adjustable link.

c,

it is obvious that there will be avery poor match
of impedances if the antenna is fed directly with
coaxial cable. In this case, the line must be very
short and of low reactance and good insulation
if appreciable loss is to be avoided. A match to
coaxial cable can be obtained by the method
shown in Fig. 20-36 ( Bib. 5). L1is acoil of about 5
ph. and for a 73-ohm line, the tap should come
at about 1ph. from the grounded end. The tap
should be adjusted for minimum s.w.r. on the
line, following the procedure discussed in the
transmission-line chapter. During the adjustment, the system must be kept at resonance by
tuning the loading coil, L2.

coaxial line. The antenna, which may be a
flexible telescoping " fish pole," is mounted in
any of several places on the car. Quite a good
match may be obtained by this method with
the 50-ohm coaxial line now available; however, it is well to provide some means of tuning the system, so that all variables can be
taken care of. The simplest tuning arrangement consists of a variable condenser eoninwt cd bet ween the low side of the transmitter coupling coil and ground, as shown in Fig.
20-35. This condenser should have amaximum
capacitance of 75 to 100 pad. for 50 Mc., and
should be adjusted for maximum loading with
the least coupling to the transmitter. Some
method of varying the coupling to the transmitter should be provided.

MOBILE EQUIPMENT

Fig. 20-37 — W5HGU's
een ter-loaded antenna
with matching coil at
hase.

The short antenna required for
144 Mc. (approximately 19 inches)
permits mounting the antenna on
the top of the car. This provides
good coverage in all directions, the
car body act ing as aground plane.
When the antenna is mounted
elsewhere on the car, it is apt to
show quite marked directivity.
Because of this it is desirable to
use the same antenna for both
transmitting and receiving.
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Measuring Equipment
To comply with FCC regulations it is necessary that the amateur station be equipped to
make a few relatively simple measurements.
For example, the regulations require that
means be available for checking the transmitter frequency to make sure that it is inside the
band. The regulations also impose certain requirements with respect to plate-supply filtering,
stability and purity of the transmitted signal,
measurement of d.c. plate power input, and

depth of modulation in the case of ' phone transmission.
In many cases all these measurements can
be made to a satisfactory degree of accuracy
with no more auxiliary equipment than the
regular station receiver. However, a bet ter job
usually can be done by building and calibrating
some relatively simple test gear. Too, the
progressive amateur is interested in instruments as an aid to better performance.

Frequency Measurement
Types of Equipment
Frequency- measuring equipment can be divided into two broad classes: oscillators of
various types generating signals of known
frequency that can be compared with the
signal whose frequency is unknown, and adjustable resonant circuits.
Instruments in the first classification are the
more accurate. Two types are commonly used
by amateurs, the secondary frequency standard and the heterodyne frequency meter. The
secondary frequency standard usually generates a frequency of 100 kc. and employs a
circuit that is rich in harmonic output. As a
result, it supplies a series of frequencies, all
multiples of 100 kc., which provide accurate
calibration points throughout the communications spectrum. The more elaborate instruments of this type include frequency dividers
(multivibrators) to supply intermediate calibration points: adivisor commonly used is 10,
thus signals are generated at intervals of 10 kc.
when the fundamental frequency is 100 kc.
The conventional type of heterodyne frequency meter is simply a variable- frequency
oscillator. The oscillator usually is designed
to cover the lowest frequency band in which
measurements are to be made; measurements
then cati be made in higher frequency bands by
using the harmonic output of the oscillator.
For example, when the oscillator is set t.() 3560
kc. its second harmonic is 7120 kc., its fourth
harmonic is 14,240 kc., and so on. The proper
frequency reading is determined by observing
the fundamental frequency of the oscillator
and then multiplying by the number of the
harmonic that falls in the desired frequency
range.
In both types of instruments — secondary
standard and heterodyne meter — the inherent accuracy is a fixed percentage of the

frequency at which the measurement is made.
The secondary standard is usually the more
accurate, since it can be made crystal-controlled with attendant high stability. However,
it lacks the flexibility of the heterodyne meter
in that it ( loes not i
n.itself provide a means for
making measurements between adjacent harmonics of the oscillator or multivibrator. A
third type of instrument uses a secondary
standard in conjutu•tion with a variable oscillator for interpolation. When these are combined in the " additive" frequency meter as
described later, the result is a frequency meter
that has essentially the accuracy of the secondary standard but has the direct measurement
feature of the heterodyne meter.
Frequency- measuring equipment incorporating oscillators is used in conjunction with a
regular receiver. The process of measurement
consists of comparing the signal from the frequency meter with the signal whose frequency
is to be measured. Nonoscillating types of frequency meters operate by absorbing some
energy from the signal source under measurement, and in consequence are called " absorption .'frequency meters. They are simply tuned
circuits, adjustable over the desired frequency
range, provided with some means for indicating when the energy in the circuit is maximum.
Their accuracy is low compared with the oscillating types, but where approximate measurement is sufficient they have a number of
desirable features.
Frequency Measurement with the Receiver
An ordinary receiver has the essential elements needed for frequency measurement. Its
dial readings must be calibrated in terms of
frequency, of course, before measurements can
be made. Manufactured receivers are generally
so calibrated; the accuracy of the calibration
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will vary with the receiver model, but if the
receiver is well made and has good inherent
stability, a bandspread dial calibration can be
relied upon to within perhaps 0.2 per cent. For
most accurate measurement, maximum response in the receiver should be determined by
means of a carrier-operated tuning indicator
(such as an S- meter), the receiver beat oscillator being turned off. If the receiver has a
crystal filter, it should be set in a fairly
"sharp" position to increase the accuracy.
When checking the frequency of your own
transmitter, the receiving antenna should be
disconnected so the signal will not overload or
"block" the receiver. Also, the r.f, gain should
be reduced as a further precaution against
overloading. I
fthe receiver still blocks without
an antenna the frequency may be checked by
turning off the power amplifier and tuning in
the oscillator alone. It is difficult to avoid
blocking under almost any conditions with a
regenerative receiver, and so this type is not
very suitable for checking the frequency of
one's own transmitter.
•

THE SECONDARY FREQ UENCY
STANDARD

The most practical type of secondary standard for amateur use is a 100-kc. crystal oscillator. It is very simple to build and its harmonics
will mark the edges of the amateur bands to
a high degree of accuracy. A series of such
"marker" signals at the band edges is all that
is required, from the standpoint of making
sure that the transmitter frequency is inside
the band on which it is supposed to be working.
Manufacturers of 100-kc. crystals usually
supply circuit information for their particular
crystals. The circuit given in Fig. 21-1 is
representative, and will generate usable harmonics up to 30 Mc. or so. The variable condenser, C1,provides a means for adjusting the
frequency to exactly 100 kc. Harmonic output
is taken from the circuit through a small con-

Cs
Output
i---e

ra-

+150 —
Fig 21- — Circuit for crystal-contra lied frequency
standard. Tubes such as the 651(7, 6S117, 6AU6, etc.,
are suitable.
C I— 50-apfd. variable.
C2 — 150-gmfd. mica.
— 0.0022-afd. mica.
C4 — 0.01-afd. paper.
C3
22-apfd. mica.
RI — 0.47 megohm,
watt.
R2 — 1000 ohms, V2 watt.
R3 — 0.1 megohm, Y watt.
R4 — 0.15 megohm,
watt.

WWV SCHEDULES
Standard radio and audio frequencies are
broadcast continuously from V, \\ V, the station
of the Central Radio Propagation Laboratory,
National Bureau of Standards, Washington,
D. C., on the following frequencies:
Audio Freq.
Power
(cycles ,
(kw.)
Mc.
1, 440 or 600
0.7
2.5
1,
440
or 600
8.0
5.0
1, 440 or 600
9 .0
10.0
1, 440 or 6ft0
9.0
15.0
I, 440 or 600
8.5
20.0
1, 440 or 600
0.1
25.0
1
0.1
30.0
1
0.1
35.0
The 1-c.p.s. modulation is a 0.005-second
pulse, the beginning of which marks the beginning of each second to an accuracy of one part
in 1,000,000. The pulse is omitted on the 59th
-econd of every minute.
The 440- and 600-cycle standard audio frequencies are transmitted in alternative fiver', unite periods, beginning with 600 c.p.s. in the
first live-minute period of each hour.
The accuracy of the radio and audio frequencies is within one part in 50.000,000. The
audio frequencies are interrupted at precise4
one minute before each hour anal each five minutes thereafter (59th minute, 4 minutee past
hour, etc.); they are resumed in precisely one
minute. During each silent interval the time
(in G NIT) is given in telegraphic code and in EST
by voice.
An announcement of radio propagation conditions is broadcast in code at 19 and 49 rn Ínutes
past the hour. The letters transmitted has e the
following significance:
W — Ionospheric disturbance in progress or
expected.
U — Unstable conditions expected.
N — No warning.

denser, C5. There are no particular constructional points to be observed in building such a
unit. Power for the tube heater and plate may
be taken from the supply in the receiver with
which the unit is to be used. The plate voltage
is not critical, but it is recommended that it be
taken from a VR-150 regulator if the receiver
is equipped with one.
Sufficient signal strength usually will be
secured if a wire is run between the output
terminal connected to C5 and the anttama post
on the receiver. At the lower frequencies a
metallic connection may not be neceary.
Adjusting to Frequency
The frequency çan be adjusted exactly to
100 kc. by making use of the WWV transmissions tabulated in this chapter. Select the frequency that gives a good signal at sour location at the t
ime of day most convenient. Tune
in the WWV signal with the receiver b.f.o. off
and wait for the period during which the
modulation is absent. Then switch on the
100-kc. oscillator and adjust its frequency, by
means of CI, until its harmonic is in zero beat
with WWV. The exact setting is easily found
by observing the slow pulsation in background
noise as the harmonic comes close to zero beat,
and adjusting to where the pulsation disappears or occurs at avery slow rate. The pulsa-
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tions can be observed even more readily by
switching on the receiver's b.f.o., after approximate zero beat has been secured, and observing the rise and fall in intensity ( not frequency) of the beat tone. For best results the
WWV signal and the signal from the 100-kc.
oscillator should be about the same strength.
It is advisable not to try to set the 100-kc.
oscillator when the WW\' signal is modulated,
since it is difficult to tell whet her the harmonic
is being adjusted to zero beat with 1he carrier
or with one of the sidebands.
"Marker" Frequencies
Identificat ion of the 100-kc. harmonics is usually not difficult in or near the amateur bands
because the normal activity in those bands will
show which 100-kc. harmonics define the band
limits. In other regions harmonics can be identified by counting them off from one whose
frequency is known. The frequency of a given
harmonic can often la• identified by comparing
it with a commercial or government station of
known frequency operating in the vicinity.
Alternatively, a " marker" crystal can be used.
A favorite frequency for such a marker is 1000
kc. Harmonics of a1000-kc. oscillator are easily
identified on the average receiver because they
are fairly widely spaced, and once the receiver
setting for a multiple of 1000 Ice. is determined
it is an easy matter to count off the 100-ke.
points bet ween. Other marker frequencies can
of course be used — for example, a frequency
near 2000 kc., which is in the range of crystals
available for amateur use. The circuit given in
Fig. 21-1 will work satisfactorily with such
crystals, so the marker points can be determined simply by inserting asuitable crystal.

•

THE

HETERODYNE FREQUENCY

METER

The basis uf the heterodyne frequency meter
is a completely-shielded oscillator wit I
Ia precise frequency calibration. The oscillator must
be so designed and constructed that it can be
accurately calibrated and will retain its calibration over long periods of time.
The oscillator used in the frequency meter
must be very stable. Mechanical considerations are most important in its construction.
No matter how good the instrument may be
electrically, its accuracy cannot be depended
upon if the mechanical construction is flimsy.
Inherent frequency stability can be improved
by avoiding the use of phenolic compounds
and thermoplastics ( bakelite, polystyrene,
etc.) in the oscillator circuit, employing only
high-grade ceramics instead. Plug-in coils
ordinarily are not acceptable; instead, asolidlybuilt and firmly- mounted tuned circuit should
be permanently installed. The oscillator panel
and chassis should be as rigid as possible.
To be usable over a wide frequency range
the heterodyne frequency meter must have
strong harmonic out
A suitable circuit,
including a harmonic amplifier, is shown in
Fig. 21-2. The mechanical construction should
parallel that of the VFOs shown in the transmitting chapter. In the oscillator circuit, an adjustable
padding condenser. C2, is provided so that the
tuning range can be set to cover whichever
band is selected for the fundamental frequency. In addition, it may be necessary to
adjust the coil inductance slightly in order to
make the range cover as much as possible of
the tuning dial.

HARMONIC AMP

Output

6.3V

Fig. 21-2 — Beterodyne frequency
Ci — 100-ggfd. variable (( uning).
C2 — 100-14 44fd. variable ( band-set).
Ca — 220- 55 61. silver mica ( padder).
C4, C S, C 10
100- gg fd. mica.
Cs„ Ce, C 7, C9 — 0.01 dd. paper.
R I, 113 — 0.17 niegohin, 1 2 watt.
— M OM ollens. Iwatt.
11 4 — 330 ohms, Iwatt.
11 5 — 25,000-ohm potentiometer.
Lu — For 3500-4000 kc. fundamental: 18 turns No. 18
on 1-inch form, length 13x2 inches. Cathode tap

meter with harmonic amplifier.
5 turns from ground end.
For 1750 2000 kc. fundamental: 36 turns No.
20 d.c.e. close-wound on 1-inch form. Cathode
tap In turn- fr
ground end.
1.2, 1.3 — 2.5-mh. r.1. choke.
1.4 — 24 turn- No. 18 enam. close-wound on 3'-inch
form.
1.5 — 11 turns No. 18 enain. close-wound on 3-inch
form.
1,5 — 2 turns No. 16 spaced
inch, diameter W
I inch.
Si — 4-position 1-pole ceramic wafer switch.
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Although the oscillator alone will give satisfactory output in the lower- frequency amateur
bands, better results at 28 Me. and higher are
obtained by using the 6AC7 harmonic amplifier. The 6AC7 plate circuit is broadly t
uned
by means of switched coils resonating, with the
circuit capacitances, at 144, 50 and 28 Mc. A
radio-frequency choke is connected to the
fourth switch position; this gives ample signal
strength at 14 Mc. and lower frequencies. Potentiometer R5 in the out put circuit makes it
possible to reduce the strength of the signal
from the frequency meter to the value desired
for measurement purposes.
The various amateur bands are covered by
the following harmonics: 3.5-4 Mc., fundamental; 7-7.3 Mc., 2nd harmonic; 14-14.4
Mc., 4th; 26.96-27.23 Mc., 7th; 28-29.7 Mc.,
8th; 50-54 Mc., 14th; 144-148 Mc., 40th. At
lower frequencies a short length of wire connected to the output terminal will give ample
signal strength under average conditions, but
in the v.h.f. range closer coupling — such as
running the wire in close proximity to the receiving antenna lead, or actually connecting it
to the antenna post through asmall fixed condenser — may be necessary to get a good
signal.
Calibration
The heterodyne frequency meter may be
calibrated against the harmonics of a 100-kc.
secondary standard of the type described in
the preceding section, using a receiver as an
auxiliary. For example, suppose the oscillator
fundamental range is 3.5-4 Me. Then if the
receiver is adjusted to pick up the fifth harmonic of the oscillator ( 17.5 to 20 Mc.) and
the harmonic is beat against 100-kc. points
from the crystal oscillator in that range, 100-kc.

Fig. 21-3 — Additive frequency meter with self-con.
tamed power supply. The small knobs are for correction
of drift so that both the 100-kc. crystal oscillator and
VFO can be set to exact frequency. Dial calibration is in
1000-cycle intervals. This unit can be used for high.
accuracy frequency measurement at all frequencies
from 100 kc. through 30 Mc.

intervals on the fifth harmonic will give 20-kc.
intervals on the fundamental. With astraightline capacitance condenser at C1,the relationship between dial divisions and frequency is
almost linear, and marking off the dial at the
proper intervals between actual cale-ration
points will result in a calibration of sulivient
accuracy.

• INTERPOLATION-TYPE

FREQUENCY

METER

B \ using a variable- frequency oscillator of
rest ricted tuning range to interpolate between
the harmonics generated by a 100-kc. crystal
standard, it becomes possible to measure frequency with an accuracy that is more than
adequate for all practical purposes. In the frequency meter shown in Figs. 21-3 to 21-6,
inclusive, this interpolation is accomplished
by modulating the harmonic output of the
100-kc. oscillator with the output of a 100150-ke. variable oscillator. As in ordinary
telephony, the modulation process sets up side
frequencies that add algebraically to each
harmonic, hence the name " additive frequency
meter." The sidebands appear as signals of
adjustable frequency between the 100-kc.
harmonics.
To cover a 100-kc. range, the interpolation
oscillator need cover only an actual tuning
range of 50 ke. This is because both sum and
difference frequencies appear. For example, if
the VFO is set at 100 ke., this frequency will
add to and subtract from each harmonic of the
crystal oscillator. Thus the crystal harmonic at
6900 ke., when modulated by 100 kc., will
produce side frequencies at 7000 ke. and 6800
kc.; likewise, the crystal harmonic at 7200 kc.
will have side frequencies at 7300 and 7100 ke.
If the VFO is set to 150 kc., the same crystal
harmonics will have side frequencies at 7050
and 6750 ke., and at 7350 and 7050 kc., respectively. In the latter case the upper side frequency of the 6800-kc. harmonic coincides
with the lower side frequency of the 7200-kc.
harmonic, both being at 7050 kc. Hence the
same VFO signal, in tuning from 100 to 150
kc., covers the range from 7000 to 7050 kc.,
and from 7100 to 7050 Ice., simulttneously.
This occurs between each pair ot 100-kc.
crystal harmonics throughout the spectrum.
Since the side frequencies move in opposite
directions when the tuning of the VFO is
varied, the interpolation scale is calibrated to
read from 0-50 kc. (corresponding tc varying
the actual VFO frequency from 100 to 150
kc.) in one direction, and from 50-100 kc. in
the opposite direction.
The circuit diagram of the instrument is
shown in Fig. 21-4. A double triode is used as a
combination VFO-amplifier, the amplifier being of the cathode- follower type to provide
good isolation. The output of the amplifier
goes through a low-pass filter ( Cu. C14, C15r
L2, L3 and R7) to prevent oscillator harmonies
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+250

t00-150 Kt. VFO
65N7

Fig. 21-4 — Circuit diagram of the additive frequency meter.

CI— 25-aafd. variable ( Millen 20025) (drift corrector).

C2 — 100-apfd. variable ( Millen 26100) (padder)•
Ca — 250-pafd. variable ( National SEH-250) ( tuning).
C4, C5, C23 — 0.0022-afd. mica.
Cs, Ci, C19 — 470-aafd. mica.
Ca, C16, Cis — 0.001- 51d. mica.
C2, C11, C21) — 0.1-afd. paper.
CIO. C12, C17, C25 — 0.01-afd. paper.
Cia, C15 — 680-pfd. mica.
C14— 1360-ppfd. mica (two 680-mad. units in parallel).
Cal — 150-ed. mica.
C22 — 50-, pfd. sariable (Millen 26050).
C34 — 22-apfd. mica.
C26 — 100-pmfd. mica.
C27 — 15sed. variable ( Millen 20015).
Cas, C26 — 8-pfd. electrol) tic, 450 volts.
Ri — 47,000 ohms,
watt.
112, Rio — 22,000 ohms, 1watt.
— 3300 ohms, 3
,
2watt.
R4 - 2200 ohms,
watt.

from being applied to the 6SA7 modulator or
mixer tube. The output of the 6SH7 100-ke.
crystal oscillator is fed through a harmonic
amplifier (one 6SL7 section) before also being
applied to the mixer tube, the purpose being to
level off the harmonic strength throughout the
spectrum as much as possible. The plate circuit of the mixer is likewise adjusted so that
the output signal is as uniform in strength as
possible up to 30 Mc. The spare triode section
of the 6SL7 is used as an auxiliary crystal

•
Fig. 21-5 — Chassis view of the additive frequency
meter. Immediately in front of the power transformer
are the rectifier and voltage-regulator tubes. The 100-kc.
crystal, mounted in ametal-tube shell (James Knights),
is just to the right of the power transformer. The tubes
along the rear edge, from left to right, are the 6SH7,
6SL7, and 6SA7. The marker crystal is immediately in
front of the 6SL7. The VFO coil is at the lower right,
with the 6SN7 just behind it. The shaft for the oscillator
Padder projects through the chassis to the right of the
tuning condenser_

Rs, R12, R14, R19 — 0.47 megohm, .!/2watt.
R6,Ria, R19 — 1000 ohms, 1/
2 watt.
R7 — 1500 ohms, ,I,‘¡ watt.
Rs — 2500 ohms, 10 watts.
Rs — 220 ohms, !¡ watt.
Rii — 0.22 megohm, J•2 watt.
Ria — 0.1 megohm, 1watt.
His — 0.1 megohm,
watt.
R17 — 0.15 megohm, !•-•¡ watt.
Li — Variable from app. 8to 11 mh. ( Millen 65000-35).
L2, L3 — 2.5-mh. r.f. choke ( National R-50).
L4 — 10 ph. ( National 11-60).
La — 100 ph. (
National R-33).
L6 — 7ph. (Ohmite Z-50).
L7 — 40-ma. filter choke.
I — Pilot-lamp assembly.
Sa, Sz, S4 — S.p.s.t. toggle.
Ti — Power transformer, 275 each side c.t. at 50 ma.;
6.3 v. at 2.5 amp.; 5 v. at 2amp. (Thordarson
T22R30).

oscillator so that a marker crystal can be used
for identification of the 100-kc. crystal harmonics.
Calibration
To set up the instrument, it is necessary
first to adjust the VFO range exactly to 100—
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frequency is 2100/20 = 105 kc. Mark
this point " 5" on the scale, more the
receiver to 2200 Ice., and increase the
VFO frequency until its 20th harmonic
coincides with 2200 kc., giving the 10kc. point. Continue until the scale is
calibrated at each 5-kc. point up to
50 kc.
The next step is to calibrate at 2-kc.
intervals, and for this purpose it is
necessary to increase the strength of
the harmonics. The marker oscillator
can be used as an amplifier, by removing the crystal and making the connections shown in Fig. 21-7A. Clip
I' : ids are satisfactory. It is necessary
to replace the 6SL7, but do not put the
6SA7 in its socket. Tune in the 5000ke. harmonic of the 100-kc. crystal
oscillator, set the VFO to 100 kc. by
beating its 50th harmonic with the
Fig. 21-6 — Bottom % it's, of the frequency meter. Part-. ian ht 5000-kc. harmonic of the crystal, and
identified by reference to the tubes with which they are associated proceed up through the spectrum one
(see top vien).

150 ke. For this purpose the 6SL7 and 6SA7
should be out of their sockets. On any receiver
capable of tuning to 600 kc., tune in the 6th
harmonic of the 100-kc. crystal oscillator.
Connect a wire from point X to the antenna
post of the receiver. Turn the VFO condenser
over its whole range and note the number of
harmonics. heard at 600 ice., C2 being at about
75 per cent of full scale. Adjust LI,and C2 if
necessary, until there are just three such harmonics, one at each end of the scale and one
between. This adjusts the oscillator to the
proper range, by making the 4th harmonie of
the high end and the 6th harmonic of the low
end fall at 600 Ice.
After noting the strength of the oscillator
harmonics, shut off the 100-kc. crystal oscillator and move the receiver antenna connection
from X to the No. 3grid connection (output of
the harmonic filter) on the 6SA7 socket. It
should be impossible to hear any harmonic
output from the oscillator when the tuning is
varied. Then insert the 6SA7 in its socket,
allow it to warm up, and again tune the VFO
over its range. If harmonics now become
audible the' oscillator signal is too strong. It
may be reduced by increasing the capacitance
at Cg as much as is necessary to make the
harmonics disappear.
Calibration is best carried out in a series of
steps. Remove the 6SA7 and 6SL7, connect the
receiver antenna post to point X, and tune in
the 2000-kc. harmonic from the 100-kc. crystal
oscillator. Set the VFO at 100 kc., and bring
its harmonic to zero beat with the crystal harmonic. Mark this point " 0" on the dial. Then
tune the receiver to the 21st crystal harmonic
(2100 kc.) and slowly tune the VFO higher in
frequency until its harmonic is at zero beat
with the crystal harmonic. At this point the
20th harmonic of the VFO coincides with the
21st harmonic of the crystal, and so the VFO

100-kc. point at atime, using the same
procedure as before. The VFO harmonics will
tune quite rapidly, and the previously-determined 5-kc. marks will ensure that the calibration points do not get out of proper order.
The impromptu harmonic amplifier alone
will not usually give enough output to repeat
this process with the 100th harmonic, by means
of which 1-kc. points are obtained. The necessary harmonics can be generated by using a
crystal rectifier as shown in Fig. 21-7B. In this
ease the lead from the receiver antenna should
be brought near, but not connected to, the
harmonic amplifier. The crystal acts as amixer
and introduces many secondary beats, but if
t
he coupling to the receiver is loose enough the
desired harmonics will be the strongest and can
easily be identified, particularly since the 2-kc.
points already plotted will practically show
where they should fall. There should also be no
trouble in hearing the 100-kc. crystal harmonics from 10 to 15 Mc. if the receiver antenna lead is near the crystal oscillator. The
calibration points should be plotted on the
scale as accurately as possible.
By use of the drift-corrector condensers the
accuracy of the instrument is practically the
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Fig. 21-7 — Temporary connections for amplifying

VFO harmonics when calibrating. The marker-oscillator
tube is used with the crystal removed.
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accuracy with which the dial can be read.
Interpolation to 100 cycles is readily possible.
The crystal-oscillator frequency can be checked
against WWV and reset when accurate measurements are to be made. The VFO is easily
corrected by setting the dial to the 50-kc.
point and adjusting the drift- corrector condenser to bring the two side frequencies into
exact zero beat. Without drift correction the
instrument is reliable to the nearest kilocycle,
with average construction and good compo-

Fig. 21-8 — Absorption frequency meter and a typical
application. The meter consists simply of the resonant
circuit LC. When coupled to an amplifier or oscillator
the tube plate current will rise when the frequency
meter is tuned to resonance. The frequency may then be
read from a calibrated condenser dial. Suitable constants for L and C may be taken from Fig. 16-10. A
flashlight lamp may be connected in series at X to give
a visual indication, but it decreases the selectivity of
the instrument and makes it necessary to use rather
close coupling to the circuit being measured.

nents, at frequencies as high as 30 megacycles.
(A complete description of this system is
given in May, 1949, QST.)

• ABSORPTION

FREQUENCY METERS

instrument in the amateur station. It requires
no power supply for its operation, which is a
convenience. It also eliminates the confusion
that sometimes arises because of the large
number of harmonic responses that occur in
making measurements by heterodyne methods;
asimple tuned circuit will respond to only one
frequency. This is helpful, for example, in
determining the actual output frequency of a
frequency multiplier in the transmitter, and
eliminates the possibility that the multiplier
can be tuned to the wrong harmonic.
When an absorption meter is used for checking atransmitter, the plate current of the tube
connected to the circuit being checked can
provide the necessary resonance indication.
When the frequency meter is tuned through
resonance the plate current will rise, and if the
frequency meter is loosely coupled to the tank
circuit the plate current will simply give a
slight upward flicker as the meter is tuned
through resonance. The greatest accuracy is
secured when the loosest possible coupling is
used.
A receiver oscillator may be checked by tuning in a steady signal and heterodyning it to
give a beat note as in ordinary c.w. reception.
When the frequency meter is coupled to the
oscillator coil and tuned through resonance the
beat note will change. Again, the coupling
should be made loose enough so that a justperceptible change in beat note is observed
when the meter is tuned through resonance.
An approximate calibration may be obtained by comparison with a calibrated receiver. The usual receiver dial calibration is
sufficiently accurate. A simple oscillator circuit
covering the same range as the frequency meter will be useful in calibration. Set the receiver to agiven frequency, tune the oscillator
to zero beat at the same frequency, : Ind adjust
the frequency meter to resonanc••
the os-

The simplest possible frequency- measuring
device is a resonant circuit, tunable over the
desired frequency range and having
its tuning dial calibrated in terms of
frequency. Such a frequency meter
operates by extracting a small
amount of energy from the oscillating
circuit to be measured, 1he frequency
being determined by the tuning
setting at which the energy absorption is maximum.
This method is not capable of as
high accuracy as the heterodyne
methods for two reasons: First, the
resonance indicat ion is relatively
"broad " as compared with the zero
beat of a heterodyne; second, the
necessarily close coupling between
the frequency meter and the circuit
being measured causes some detuning
Fig. 21-9 — A sensitive absorption- type frequency meter with a
crvstal-detector rectifier and ad.c.-milliammeter indicating circuit.
in both circuits, with the result that
Tile meter is housed in a separate compartment so that it may be
the calibration of the frequencyused with other measuring devices. The cabinet and front cover
meter circuit depends to some degree
are drilled and tapped to accommodate the mounting screws for a
large- size chart frame; frequency calibrations are marked on cardon the coupling to the circuit being
board held in place by the chart frame. A short strip of wood, drilled
measured. Nevertheless, an absorpto match the coil- form prongs, is used as a rack for the coils. Meter.
tion wavemeter is a highly useful box connections are shown in Fig. 21-20.
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eillat or as described above. This gives on,
calibration point. When asufficient number ii
such points has been obtained agraph may be
drawn to show frequency vs. dial settings on
the frequency meter.
A Sensitive Absorption Frequency Meter
Figs. 21-9 to 21-11, inclusive, show an absorption frequency met er or
wave met er
wit h a cryst al-( let ector/milliammet ir
nance indicator that provides arelatively high
degree of sensitivity. As shown in Fig. 21-10, a
resonant circuit is connected in series with a
crystal detector and a 0-1 milliammeter (a
microammeter can be substiluted for still
greater sensitivity). The tank cull, Li, serves as
the pick-up coil, and the crystal is t
appeil down
on the inductance in order to improve the
sensitivity and selectivity of the meter. Plug-in
coils are provided so that the unit covers a
frequency range from about 1 megacycle to
165 megacycles. Any type of fixed crystal
detector mav be used, but the v.h.f. types are
recommended. The meter box shown. at the
right in Fig. 21-9 is the same unit that is used
with the volt-ohm-milliammeter described
later in this chapter.
The frequency meter is housed in a2X 4X 4inch metal box, the milliammeter being
mounted in a separate box of the saine size.
The coil socket is on the top near the front
edge, with the tuning condenser just below it
inside the case. This arrangement keeps the
tuned-circuit leads short. A headphone jack is
provided for monitoring ' phone transmissions.
The unit may be calibrated as described in the
preceding sect
A two- or three-foot antenna rod may be
added to the unit to permit using the instru-

Fig. 21-10 — Circuit diagram of the absorption- type
frequency meter.
— 140-µpf€1. variable ( NI illen 22140).
— 0.00 15-afd. midget mica.
1.1 — 1.22-4.0 Mc.: TO turns No. 32 enameled wire, 1inch tuant., % inch long. Tap 12 3z turns from
grounded end.
— 4.0-13.5 Mc.: 20 turns No. 20 enameled wire, 1.
inch diam., ? in inch long. Tap ‘1•! turns from
grounded end.
— 13.2-44.0 Mc.: 5 turns No. 20 enameled wire,
1-inch diam., ,
3'111 inch long. Tap 1 2 turns from
grounded end.
— 39.8-165 Mc.: hairpin loop of No. 14 wire, 1
/2inch
spacing, 2 inches long (total length including
ends w
lit down into the coil- form prongs).
'l'ap l', inches from grounded end.
All four coils mound on Millen 45004 coil forms.
Ji — 4- prong tube socket.
.12 — Closed-circuit jack.
Pu — 4- prong male plug.
XTAL — Type 1N34.

C2

Fig. 21-11 — A rear view of the absorption- type frequency meter. The cry:tal is wired between the connector plug at the left and the coil socket at the top.
The meter by- pas: condenser is mounted between the
plug and the grounded side of the phone jack. The
variable-condenser terminals are connected directly to
the coil socket.

ment for field-strength measurements. The
antenna should be connected to the top end
of the tank coil, LI.The rod antenna may be
undesirable when the frequencies of individual
simultaneously-operating circuits are to be
checked — as in the case of amultistage transmitter with frequency multipliers — because
the antenna increases the sensitivity to such
an extent that it may be difficult to identify
the output of a particular circuit. It may be
convenient to interconnect the two units by
means of alength of lamp cord or coaxial cable
of any reasonable length ( up to several hundred feet) when the meter is being used as a
field-strength measuring device.
In addition to the uses mentioned in the
preceding section, a meter of this type may be
used for final adjustment of neutralization in
r.f. amplifiers. For this purpose it may be
loosely coupled to the plate tank coil. Alternatively, Li may be removed and the final-amplifier link output terminals connected to
Prongs 2 and 4 in the coil socket. The latter
met hod tends to ensure that the pick-up is
from the final tank coil only.

•

LECHER

WIRES

At very- high and ultrahigh frequencies it
is possible to determine frequency by actually
measuring the length of the waves generated.
The measurement is made by observing
standing waves on a two- wire parallel transmission line or Lecher wires. Such aline shows
pronounced resonance effects, and it is possible to determine quite accurately the current
loops ( points of maximum currentl The physical distance between two consecutive current
loops is equal to one-half wavelength. Thus the
wavelength can be read directly in meters
(39.37 inches
1meter; 0.3937 inth = 1cm.),
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or in centimeters for the very-short wavelengths.
The Lecher- wire line should be at least a
wavelength long — that is, 7 feet or more on
144 Me. — and should be entirely air-insulated except where it is supported at the ends.
It may be made of copper tubing or of wires
stretched tightly. The spacing between wires
should not exceed about 2per cent of the shortest wavelength to be measured. The positions
of the current loops are found by means of a
"shorting bar," which is simply a metal strip
or knife edge which can be slid along the line to
vary its effective length. The system can be
used more conveniently and with greater accuracy if it is built up in permanent fashion
and provided with a shorting bar maintained
at right angles to the wires ( Fig: 21-12). The
support may consist of two pieces of " 1- by-2"
pine fastened together with wood screws to
form a " T"-girder, this arrangement being
used to minimize bending of the wood when the
wires are tightened. A slider holds the shorting
bar and acts as aguide to keep the wire spacing
constant.
For measuring lengths in the metric system
used for wavelength, the supporting beam may
be marked off in decimeter ( 10-centimeter)
units. A 10-centimeter transparent scale (obtainable at 5 & 10 cent stores) may be cemented to the slider, extending out from the
front, so that readings can be taken to the
nearest millimeter. The difference between any
two readings gives the half- wavelength directly.
Making Measurements

Let us suppose the frequency of a transmitter is to be measured. A convenient and
fairly sensitive indicator can be made by
soldering the ends of a one- turn loop of wire,
of about the same diameter as the transmitter
tank coil, to alow-current flashlight bulb, then
coupling the loop to the tank coil to give a
moderately bright glow. A coupling loop
should be connected to the ends of the Lecher
wires and brought near the tank coil, as shown
in Fig. 21-13. Then the shorting bar should be
slid along the wires outward from the transmitter until the lamp gives a sharp dip in
brightness. This point should be marked and

the shorting bar moved out until asecond dip is
obtained. The distance between the two points
will be equal to half the wavelength. If the measurement is made in inches, the frequency will be
Pm.. .=

5905

length (
inches)
If the length is measured in meters,
Fmc.

150
length ( meters)

In checking a superregenerative receiver,
the Lecher wires may be similarly coupled to
the receiver coil. In this case the resonance
indication may be obtained by setting the
receiver just to the point where the hiss is obtained, then as the bar is slid along the wires
aspot will be found where the receiver goes out

1
Fig. 21- 13— Coupling a Lecher wire system to a transmitter tank coil. Typical standing- wave distributi tttt is
shown by the dashed line. The distance V between the
positions of the shorting bar at the current loops equals
one-half wavelength.

of oscillation. The distance between two such
spots is equal to a half- wavelength.
The most accurate readings result when the
loosest possible coupling is used between the
line and the tank coil. After taking a preliminary reading to find the regions along the
line in which resonance occurs, loosen the
coupling until the indications are just discernible and repeat the measurement. As the
coupling is loosened the resonance points will
become sharper, which is a further aid to accurate determination of the wavelength.
The shorting bar must be kept at right angles
to the two wires. A sharp edge on the bar is
desirable, since it not only helps make good
contact but also definitely locates the point of
contact.
The accuracy with which frequency can be
measured by such asystem depends principally
upon the technique of measurement. Careful
measurement of the exact distance bet ween
two current loops is essential. An
accurate standard of length is necessary — a good steel tape, for instance — for all but rough measurements.

Fig. 21-12 — One end of a typical
Lecher wire si`,tem. The feet at each
end keep the a—vinhly from tipping over
when in use. Ihe wire is No. I(u bare
solid- copper a,, ulula is ire hard-drawn).
The turnbuckle. are held in place by a
316 X 2-ineh bolt through the anchor
block. The other end of the line, the one
connected to the pick-up loop, should be
insulated.
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Signal M onitoring
Every amateur should make provision for
checking the quality of his transmitter's output. This requires that some means be available in the station for reducing the strength of
the signal from the transmitter to the point
where its characteristics can be examined without danger of false indications from overloading the receiving equipment.
The simplest method of checking the quality
of c.w. transmissions is to use the regular
station receiver. If the receiver is a superheterodyne the process may simply be that of
reducing the r.f. gain to minimum and tuning
to the transmitter frequency. If distant signals
are stable and have " pure-d.c." tone in normal
reception, then the local transmitter should,
too, when the receiver gain is reduced to the
point where the receiver does not overload.
If the signal is too strong with the r.f. gain
"off," shorting the receiver antenna input terminals may reduce it to suitable proportions,
or the mixer circuit in the receiver may be
temporarily detuned to arrive at the same desired result.
An alternative method is to set the receiver
on the next lower-frequency band than the one
in use, then tune the receiver so that the second
harmonic of its oscillator beats with the transmitter signal to produce the intermediate frequency. Higher-order harmonics also may be
used for this purpose. With this harmonic
method there is ordinarily no danger that the
receiver will overload, because the r.f. and
mixer tuned circuits are so far from resonance
with the transmitter frequency. The setting of
the tuning dial bears no direct relation to the
transmitter frequency under these conditions,
since the oscillator harmonic must maintain
a constant difference with the transmitter to
produce the i.f. beat.
A ' phone signal may be monitored in the
same way, provided a headset is used for
reception. Use of a loudspeaker is not usually
practicable because the sound output feeds
back to the microphone and causes howling.
A crystal detector and headset may also be
used for the same purpose, as described in
preceding sections. In monitoring a ' phone
signal the best plan is to have another person
speak into the microphone rather than to
A.F.
SIA II—
(LW ,-----o—ini

RFC

-L.

RF

INPUT
G

•

MODULATION MONITOR

Fig. 21-14 is the circuit of a ' phone monitor
that can be used both for aural checking and
for measuring modulation percentage. When
a small r.f. voltage is applied to the input
circuit it is rectified by the crystal. With
switch S
Iin the " r.f." position the average
value of the rectified current is measured by
the 0-1 milliammeter, MA. With the switch
in the " a.f." position, the audio modulation
on the signal is transferred through T1 to a
second rectifier. The average value of the
rectified audio is again read by the milliammeter. The circuit constants are chosen so.
that if the input is adjusted to make ihe metèr
read full scale on r.f., the a.f. meter readings
will be directly proportional to percentage of
modulation ( for voice modulation), 100 per
cent modulation being represented by a current of 1 milliampere. Switch S2 provides for
reversing the " polarity" of the modulation,
giving a qualitative indication of th cup- and
down-peaks. A headphone jack, J1, is provided
for listening to the quality of the modulation.
(The percentage modulation cannot be read
with ' phones plugged into Ji, so the ' phones
must be removed when readings are to be
taken.)
In constructing such an instrument, care
should be used to prevent r.f. pick-up in the
audio rectifier circuit. This can be checked by
testing the instrument on an unrnodulated
carrier ( which must be substantially hum- free);
with a full-scale reading when Si is in the
"r.f." position, the meter should read zero
when S1 is switched to " a.f." The values of
resistors R1 and R2 are critical and should be
within plus or minus 5 per cent of the recommended values.
A sample of the modulated carrier may be
coupled into the instrument through a oneturn link and a length of Twin- Lead, the link
being placed within a few inches cif the final
tank circuit of the transmitter. The coupling
between the link and final tank coil must be
adjusted to give a full-scale r.f. reading, after
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listen to one's own voice. It is difficult to
judge quality when speaking and listening at
the same time.
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Fig. 21-14 — Circuit of directreading modulation meter.
Ci, C4- 1000-ppfd. ceramic.
C2— 100-ppfd. variable midget.
C3 — 12-ppfd. mira.
Ci — 470-ppfd. mica.
RI — 1100 ohms, 5%, 1 % att.
112-16,000 ohms, 5%, 1watt.
II— Closed-circuit jack.
MA— O-1 ma., 100 ohms.
RFC- 20 ph.
SIA—B, S2 — D.p.d.t. toggle.
Ti — Push-pull interstage
transformer, 1:1 ratio.
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has been set for maximum reading. Alternatively, acoil that will resonate with C2 at the
operating frequency may be connected to the
input terminals and the instrument located so
that a suitable full-scale reading will be obtained.
C2

Besides indicating modulation percentage,
the instrument will show carrier shift (as
shown by a change in the reading, when
modulating, with SI in the " r.f." position) and
thus detect nonlinearity in the modulated
amplifier.

Measurement of Current, Voltage and Resistance
D. C. Instruments
D.c. ammeters and voltmet ers are basically
identical instruments, the difference being in
the method of connection. An ammeter is connected in series with the circuit and measures
the current flow. A voltmeter indicates the
current through a high resistance connected
across the source to be measured: its calibration is in terms of the voltage drop in the
resistance or multiplier.
Fig. 21-15 —
flow voltmeter
multipliers and
milliammeter
shunts are connected to extend the range
of ad.c. meter.
lf a single instrument must be used for
measuring widely-different values of current
or voltage, it is advisable to purchase one
that will read, at about 75 per cent of full
scale, the smallest value of current or voltage
to be measured. Small currents cannot be read
with any degree of precision on a high-scale
instrument, but the range of alow-scale instrument can be extended as desired to take care
of larger values. The ranges can be extended
by the use of external resistors, connected in
series with the instrument in the case of a
voltmeter, and in parallel or " shunt" in the
case of an ammeter. Fig. 21-15 shows at the
left the manner in which a shunt is connected
to extend the range of an ammeter and at the
right the connection of a voltmeter multiplier.
To calculate the value of a shunt or multi)lier it is necessary to know the internal resistance of the meter itself. If it is desired to
extend the range of a voltmeter, the value of
resistance which must be added in series is
given by the formula

where E is tile desired full-scale voltage and /
the full-scale reading of the instrument in
milliamperes.
To increase the current range of a milliammeter, the resistance of the shunt is
R —

R.
n — 1

where the symbols have the same meanings as
above.
Homemade milliammeter shunts can be constructed from any of the various special kinds
of resistance wire, or from ordinary copper
magnet wire if no resistance wire is available.
The Copper \Vire Table in the data chapter
gives the resistance per 1000 feet for various
sizes of copper wire. After computing the resistance required, determine the smallest wire
size that will carry the full-scale current (at
250 circular mils per ampere). Measure off
enough wire ( pulled tight but not stretched)
to provide the required resistance. Accuracy
can be checked by causing enough current to
flow through the meter to make it read full
scale without the shunt; connecting the shunt
should then give the correct reading on the
new full-scale range.

(A)

(B)

R = R,
5 (
n — 1)
where R is the multiplier resistance, R. the
resistance of the voltmeter, and n the scale
multiplication factor. For example, if the range
of a 10- volt meter is to be extended to 1000
volts, n is equal to 1000/10 or 100.
If a milliammeter is to be used as a voltmeter, the value of series resistance can be
found by Ohm's Law:
R =

1000 E

R,

(ci

Zero Adj.

:i(Unkno n)

18
III
Fig. 21-16 — Circuits for measuring resistautm, Valuett
are discussed in the text.
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Fig. 21-17 — An inexpensive multirange
volt-ohm-milliammeter. The 2 X 4 X 4-irwIt
cabinet at the left houses the multiplier-.
si
s, switch and zero-adjustment resistor.
The meter is mounted in the metal cabinet
shown at the right. The units are provided
with plugs and jacks so that the meter can be
used independently or as the indicator component for other instruments. Connections
to the volt-ohm-milliammeter, or to the meter
alone, are made to the terminals mounted at
the top of both boxes. Handles are 11101111ted
MI the cabinets to facilitate handling.

Precision wire- wound resistors used as voltmeter multipliers cannot readily be made by
the amateur Is. va use of the much higher resistance requim
high as several megoluns).
As an economical substitute, standard fixed
resistors may be used. Such resistors are supplied in tolerances of 5, 10 or 20 per cent ±
the marked values. By obtaining mat cited
pairs from the dealer's stock, one of which is,
for example, 4 per cent low while the other is 4
per cent high, and using the pairs in parallel
or series to obtain the required value of resistance, good accuracy can be obtained at small
cost. High- voltage multipliers are preferably
made up of several resistors in series; this not
only raises the breakdown voltage but tends
to average out errors in the individual resistors
attributable to manufacturing tolerances.
When d.c. voltage and current are known,
the power in ad.c. circuit can be stated by simple application of Ohm's Law: P = El. Thus
the voltmeter and ammeter are also the instruments used in measuring
power.

n.sktor or to find the value of an unknown
reistance, particularly in receiver eervicing.
An ohmmeter is used for this purpose. The
ohmmeter is a low-current d.c. voltmeter provided with a source of voltage ( usually dry
cells). In the simplest form, shown in Fig.
21-16A, the meter and battery are connected
in series with the unknowu resistance. If a
given deflection is obtained with terminals A- B
shorted, insertion of the resistance under
measurement will cause the meter reading to
decrease. When the resistance of the voltmeter
is known, the following formula can be applied:
eR.
R = — — R.
E
where f? is the resistance wader measurement,
eis the voltage applied (
A-B shorted),
E is the voltmeter reading with R connected, and
R. is the resistance of the voltmeter.
The circuit of Fig. 21-16A is not suited to
measuring low values of resistance ( below a

Multirange Voltmeters and Ohmmeters
A combinat ion vii meter-milliammeter having various ranges k extremely useful for experimental purposl. ,, and for trouble shooting
in receivers and transmitters. As a volt meter
such an instrument should have high resistance
so that very lit tle current will be drawn in making voltage measurements. A voltmeter taking
considerable current will give inaccurate readings when connected in ahigh-resistance circuit
— for example, in various parts of a receiver.
For such purposes the instrument should have
a resistance of at least 1000 ohms per volt; a
0-1 milliammeter or 0-500 microammeter
(0-0.5 ma.) is tut' basis of many multirange
meters of this type. Microammeters having a
range of 0-50 ;La., giving asensitivity of 20,000
ohms per volt, also are used.
The various current ranges on a multirange instrument can be obtained by using a
number of shunts individually swit cited in
parallel with the meter. A switch with low
contact resistance must be used.
It is often necessary to check the value of a

Fig. 21-18 — Diagram of the volt-ohm-milliammeter.
Ri — 2000 . ohni tire- nound variable.
82 — 3000 " hit,. 12 watt.
lis — 10.1na. - hunt, 6.11 ohms (see text).
84 — 100-ma. shunt, 0.555 ohm (see text).
Ils — 1000-ma. shunt, 0.055 ohm (see text).
Re — 1000- volt multiplier, 0.9 tnegohm,
watt.
R7 — 100-volt multiplier. 90,090 ohms, !.-(2 watt.
Rs — 10-volt multiplier, 10.0014 ohms, ,
1
,,2̀ watt.
13 — 4.5-volt dry battery ( Burgess 5360).
Pm — 4-prong male plug (for noilliammeter).
SIA-B — 9-point 2- pole selector
switch (Mallory
3229J).
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ment) is generally used. Assuming that the
current through the voltmeter is negligible
compared with the current through R2, the
formula for the unknown is
R

= eR2 _
E

R2

Nvhere R and R2 are as shown in Fig. 21-16C,
e is the voltmeter reading with A- B
shorted, and
E is the voltmeter reading with R
connected.
The " zero adjuster," RI, is used to set the
voltmeter reading exactly to full scale when the
¡opter is calibrated in ohms. A 10,000-ohm
Fig. 21-20 — Wiring diagram of the
0-1 milliammeter
shown
in
Figs.
21-9 and 21-17.
Ji is a1- prong tube
socket.
Fig. 21-19 — A rear view of the volt-ohm-milliammeter.
The range-selector switch is nusunted above the zeroadjustment potentiometer, and the shunts and multipliers are connected across the switch terminals. A
four-prong male plug, for connection to the meter box,
is shown at the left of the cabinet. The ohmmeter
bat ter. fits inside the case; the battery terminals should
be in-ulated with tape or paper before the battery is
installed in the box.

hundred ohms or so) with a high-resistance
voltmeter. For such measurements the circuit
of Fig. 21-1613 can be used. The milliammeter
should be a0-1 ma. instrument, and R1 should
be equal to the battery vo!tage, e, multiplied
by 1000. The unknown resistance is
R —2R/ .
- la
where R is the unknown,
R. is the internal resistance of the
milliammeter,
Ii is the current in ma. with R disconnected from terminals A- B, and
/2 is the current in ma. with 1i connected.
The formula is approximate, but the error will
be negligible if eis at least 3volts so that R1is
at least 3000 ohms.
A third circuit for measuring resistance is
shown in Fig. 21-16C. In this case a highresistance voltmeter is used to measure the
voltage drop across a reference resistor, R2;
when the unknown resistor is connected so
that current flows through it, R2 and the battery in series. By suitable choice of R2 (
low
values for low resistance, high values for highresistance unknowns) this circuit will give
equally good results on all resistance values in
the range from one ohm to several megohms,
provided that the voltmeter resistance, R.,
is always very high (50 times or more) compared with the resistance of R2.A 20,000ohms-per- volt instrument (50-pamp. move-

variable resistor is suitable with a 20,000ohms-per-volt meter. The battery voltage is
usually 3 volts for ranges up to 100,000 ohms
or so and 6 volts for higher ranges.
•

AN INEXPENSIVE V.
O.
M.

A combination multirange volt-ohm-milliammeter, reduced to simple and inexpensive
terms, is shown in Figs. 21-17 to 21-20. Using
a 0-1 milliammeter, the voltmeter has three
IMES.
7004
500K
300K
200K
100K
70K
SOK
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500
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1000
SOO
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5
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0.4

06

0.0

MILLIAMPERES

Fig. 21-21 — Calibration curve for the high- and low.
resistance ranges of the volt-ohm-milliammeter.
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ranges at 1000 ohms per volt: 0-10, 100 and
1000 volts. Current ranges of 0-1, 10, 100 and
1000 ma. are provided. There are two resistance- measurement ranges, a series range that
is useful up to about 0.5 megohm, and ashunt
range of 0-1000 ohms.
For economy, ordinary carbon resistors are
used as voltmeter multipliers. These can be
obtained with an accuracy within 5 per cent.
However, standard resistors of 10 per cent
tolerance can be used without introducing
undue error. The 1000- volt multiplier, Rg, is
two 1.8-megohm resistors connected in parallel, and the 100- volt multiplier, R7, is two

0.18-megohm resistors arranged in parallel.
The 10-, 100- and 1000- ma, shunts are made
of ordinary copper magnet wire wound on
-watt resistors of high resistance value -10,000 ohms or higher. The approximate
lengths and sizes of the wire for the shunts
are as follows: R3, 9feet No. 38 enameled; Ra,
5 feet No. 30 enameled; Rg, 8 feet No. 18.
A calibration curve for the ohmmeter ranges
is given in Fig. 21-21. With lust ruments having different internal resistanee than the one
shown in the photograph tTriplett Model
0321-1) the " low-ohms" curve will not apply
exactly.

Grid- Dip Meters
can be coupled to circuits in hard-to- reach
A useful and inexpensive general-purpose
places such as in areceiver chassis. The meters
instrument is an r.f. oscillator covering a wide
described in the following section have been
frequency range. It generates signals that can
designed with this in mind.
be used for receiver alignment, for calibrating
absorption wavemeters as described earlier in
INEXPENSIVE GRID- DIP METER
this chapter, and for furnishing small r.f.
The grid- dip meter shown in Fig. 21-22 is
voltages for whatever purpose may be reeasy to build, handy to use, and covers a frequired. When equipped with a low-range milquencyrange of 28 5
.0 Ice. to 48 Mc. with five
liammeter connected to read the oscillator grid
plug-in coils. This range readily Mill be excurrent, it becomes a grid-dip meter and may
tended in either direction, but for v.h.f. use a
be used for checking the resonant frequencies
somewhat different version, shown later, is
of tuned circuits, and as ameans for measuring
inductance and capacitance as described in a recommended. The circuit diagram of the
oscillator is given in Fig. 21-23.
later seet ion.
The support for the oscillator is a piece of
The grid-dip meter is so called because when
aluminum measuring 9! by 112 inches, bent
its oscillator is coupled to a tuned circuit, the
in the form of a " U" with sides 3 ¡ Ales long
oscillator grid current will show a decrease or
so that the width of the " U" is ust great
"dip" when the oscillator is tuned through
enough ( approximately 2inches) for fastening
resonance with the unknown circuit. The
to the mounting studs on the tuning condenser.
reason for this is t
hat the external circuit will
As shown in Fig. 21-22, the socket for the plugabsorb energy from the oscillator when both
in coils is mounted across the open end of the
it and t
he oscillator are tuned to the sanie fre"U" by means of small aluminum angle brackquency, awl the loss of energy from the oscilets. The socket for the 955 oscillator tube is
lator circuit causes the feed-back to decrease.
similarly mounted near the closed end of the
Th(, decrease in feed-back is accompanied by a
"U." The blocking and by-pass condensers are
deereaso in grid current. The dip in grid current.
miniature ceramic units that take up very
is quite sharp when the circuit to which the
lit lc space and thus contribute to compactoscillat or is coupled has reasonably high Q.
The oscillattir is provided with a handle
Any type of oscillator circuit can be used for
(which can easily be made from a piece of
the grip-dip meter, the only requirement being
broomstick) for ease of manipulation in checkthat a milliammeter of suitable range (0-1 is
ing circuits in receivers and transmitters.
satisfactory in most cases) be connected in
The tuning condenser is a double- bearing
series with the grid leak. However, the grid-dip
unit originally of the single-section type having
meter will be most useful when it covers awide
amaximum capacitance of 100 Mad. To change
frequency range and is so constructed that it

•

•
Fig. 21-22 — Inexpensive grid-dip oscillator
using a 955 and, plug-in coils. The five coils
shown cover the range 2850 kc. to 48 Mc.
An external 0-1 d.c. milliatnmeter is used as
an indicator. Power and meter connections
are brought through the four-wire cable.
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it to the balanced type the renter two stator
plates are removed and the support bars
sawed through at the middle. The rotor need
not be touched. The stator plates can be
removed without difficulty by bending them

MC.

1
Fig. 21-23 — Circuit diagram of the grid-dip meter.
C1— Double-section midget, app. 42 gg fd. per..etion
(Millen 21100 modified as described in text).
C2, C3 — 100-ggfil. ceramic ( Centralab 11 i-kap).
C4, ( a, C6 -- 0.01- a fd. ceramic ( Sprague dise ceramic).
If — 22,000 ohms, 1"; watt, carbon.
112— 68,000 ohms, 32 '6% al t, carbon.
— 2.85-5.4 Mc.: 90 turns No. 30 s.e.c. on 1-inch
form, close-wound.
— 4.6-8.7 Mc.: 37 turns No. 30 s.c.c. on 1-ineli form,
close-wound.
— 8.1-15.3 Mc.: 19 turns No. 30 s.c.c. on 1- inch
torn', close-wound.
— II.1-23.5 Mc.: 11 turns No. 24 enara. ou 1-inch
form, close-wound.
— 23.1 18 Me.: 8turns No. 2Iroam. on 1
inch form,
spaeed to occupy I, oche,.
MA — 0-I Ile. milliammeter.

back and forth at the soldered joint with apair
of long- nose pliers until the solder breaks loose.
The
or should be grounded to the " U " frame
at both ends: this helps to prevent dead spots
(condenser settings at which the grid current

shows rapid Val ti ,ots) in yaricrus portions of
the range. The frequency calibration can be
marked on a small piece of cardboard as shown
in Fig. 21-22, using a pointer on the rear shaft
extension of the condensers as an indicator.
The power requirements of the oscillator are
6.3 volts at 0.15 amp. for the 955 heater and
amaximum of about 2 ma. at 150 volts for the
plate. This power usually can be taken from a
receiver or other existing supply. However, if a
special supply is to be made for the instrument,
the circuit of Fig. 21-27 will serve, the 1.5-volt
dry cell shown in that diagram being omitted.
In any event, it is a good idea to use a potentiometer, as shown in Fig. 21-27, for adjustment of plate voltage. In any grid-dip meter
the grid current will be different in different
parts of the frequency range, with fixed plate
voltage, so that it is ordinarily necessary to
choose a plate voltage that will keep the reading on scale in the part of the range where the
grid current is highest. This usually results in
rather low grid current at some other part of
the range. With variable plate voltage this
compromise is unnecessary.
The instrument may be calibrated by listening to its output with a calibrated receiver.
High accuracy is not required in the applications for which agrid- dip meter is useful. The
unit also may be used as an indicating wavemeter, in which case no plate voltage is needed
since the grid and cathode of the 955 act as a
simple diode. However, this type of circuit is
not as sensitive as the crystal-detector type
shown earlier in this chapter, because of the
high- resistance grid leak in series with the
meter.

•

REGENERATIVE WAVEMETER
AND GRID-DIP METER

The unit shown in Fig. 21-24 is similar in
construction to the grid-dip meter of Fig.
21-22, but in addition is an absorption wavemeter of very high sensitivity. The latter feature is particularly desirable in the
v.h.f. range which this instrument
covers, because of the necessity for
detecting the presence of weak
harmonics in the various television
channels (54-88 Mc. and 174-216
Mc.). High sensitivity is achieved
by operating the unit as a regen-

Fig. 21-24 — V.11.F. regenerative wavemet er iarid-dip
meter,
covering the
50 27,1: Me. range. This is a high-sew:Itis iti absorption-type wavemeter particularly useful for checking transniitter
harmonics in television bands. The case
in is hiell the meter is mounted also contain , the power supply. Regeneration is
controlled by the knob on top of the ease.
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•
Fig. 21-25 — A bottom view of the
regenerative wavemeter/grid-dip meter.
This view shows the bottom of the
955 socket, with the miniature tubular ceramics mounted between the ta tor
sections of the tuning contlen ,er and the
grid anti plate terminals on Ow .: ooket.
The grid choke, , hunting re -i
tor, and
by-pass conden-ir arc at tiu• bottom;
the plat, ri- itor,
ted through the
socket, and tile plate by -pit.•- condenser
are at the top. There is no wiring on the
other sitie.

•
erative detector and by eliminating the grid-leak
resistance, a low- resistance r.f. choke being
substituted. The frequency range that can be
covered satisfactorily with a given choke is
limited, but the choke specified in the circuit
diagram, Fig. 21-26, has been found to be
adequate over the range 50-250 Mc.
With this instrument variable plate voltage
is essential as a means of controlling regeneration. It is also essential to use the bias battery
shown in the power-supply diagram of Fig.
21-27; without such bias there is agrid current
of about 0.5 ma., even with no plate voltage on
the tube, because of contact potential. Just as
in the ease of the lower-frequency instrument
described earlier, the power for the oscilkator
can be taken from any existing supply. The

Meter
-1.5V

Sed. 63V

Fig. 21-26 — Circuit diagram of the regenerative wavemeter/grid-dip meter.
— Double..seetion midget, app. 36 pad. per section
(Millen 21100 modified as described in test).
C2.Ca — 50-ggfd. ceramic ( Centralab
i-Kap).
C4, Ca, Ca — 0.001-mfd. ceramic (Sprague disc ceramic).
— 22,000 ohms,
watt, carbon.
Re — 68,000 ohms, IA watt, carbon.
1.1— 48-98 Mc.: 73,Ï turns No. 12, q-inch diam., 1
inch long, with 3
leads.
— 76-156 Mc.: 2:•_¡ turns No. 12, !...irich diam., ,
9.ft
inch long, 2,2- inch leads.
— 130-265 Mc.: " 1"-shaped loop, No. 12, 1j¡
inches long, j2 inch between sides.
RFC — Ohmite Z-144.

SR

Fig. 21-27 — Power-supply circuit for the grid-dip
meters shown in Figs. 21-22 and 21-21. Whets used with
th., meter of Fig. 21-22 the 1.5-volt battery should lie
omitted.
Cr. C2 — 16. 5fd. 150-volt electrolytic.
— 0.1-megohm potentiometer.
Re — 1000 ohms, 2 watts.
MA — 0-1 ma. (or smaller range for greater sensitivity).
Sa — S.p.s.t. toggle ( mounted on Ri).
SR — Selenium rectifier.
Ti — Power transformer, required to furni.1 6.3 volts
at 0.3 amp, and app. 5 ma. at 115 to 150 volts
(Merit P-3046 satisfactory).

plate-supply requirements are 150 volts and
approximately 4ma. About half of this current
flows through the voltage divider, El, in Fig.
21-27.
The tuning condenser, C1,is the same type
used in t
he instrument shown in Fig. 21-22 and
is similarly modified into a split-stator unit.
However, in this ease a somewhat smaller
minimum capacitance is desirable, so enough
plates are removed from both rotor and stator
so that each section consists of 5 stator and 5
rotor plates. Both ends of the rotor must be
grounded to avoid dead spots. This can be
done by soldering ashort piece of wire between
the contact washer and a mounting stud at
each end. The ground connection is then made
through the stud to the " U"-shaped support.
A crystal socket ( half-inch spacing) with its
lugs soldered directly to the condenser stators
is used as a coil socket. No. 12 wire makes a
good fit in such a socket, so the coils are selfsupporting. A little additional strength for the
socket mounting is secured by cementing it to
the condenser end plates with Duco cement.
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There are several methods by which the instrument can be given a frequency calibration.
If a receiver is available covering at least a
part of the range the unit can be used as an
oscillator and calibrated against the receiver
settings. Lecher wires also can be used; the
method of using them is described earlier in
this chapter.
To use the unit as agrid-dip meter the platevoltage control is advanced to the point where
a convenient value of grid current is obtained,
after which it functions in the same way as the
conventional grid-dip meter. To use it as a
simple absorption wavemeter the plate voltage
is turned off; the sensitivity under these conditions is about the same as the sensitivity of a
crystal-detector wavemeter. To use it as a
regenerative wavemeter the plate- voltage control is first advanced to the point where oseilitt-

tion begins, as evidenced by asmall amount of
grid current, and then backed off until the
grid current just disappears. This is the most
sensitive condition. The setting of the platevoltage control will depend to some extent on
how tightly the instrument is coupled to the
circuit being checked; tight coupling requires
more plate voltage, loose coupling less. Care
must be used to avoid false indications caused
by actual oscillation should the coupling inadvertently be decreased; this usually can be
checked by tuning over a small range about
the desired frequency. When the unit is
properly operated the grid current will show a
sharp kick as the circuit is tuned through an
actual signal and the current will drop to zero
on either side. If the circuit is oscillating the
grid current will be appreciable over a considerable tuning range.

Measuring Inductance and Capacitance
The ability to mea ,Itre the inductance of
coils, the capacitance of condensers, or the
resonant frequency of a tuned circuit frequently saves time that might otherwise be
spent in cut-and-try. A convenient instrument
for this purpose is the grid-dip oscillator,
described earlier in this chapter.
For measuring inductance, the coil is connected to acondenser of known capacitance as
shown at A in Fig. 21-28. A mica condenser
may be used as a standard; a 100-11µM. 5 per
cent tolerance unit will serve for most purposes. With the unknown coil connected to the
standard condenser, the pick-up loop is coupled
to the coil and the oscillator frequency adjusted for the grid-current dip, using the
loosest coupling that gives adetectable indication. The inductance is then given by the
formula
L

—

pletely meshed, and assuming that the capacitance change is linear within those limits. The
minimum and maximum capacitance ( corresponding closely enough to these condenser
settings) can be obtained from the manufacturer's data on the particular variable condenser used.
An alternative method of measuring capacitance utilizes the fixed standard capacitance
described above in inductance measurements,
together with a coil of the proper inductance
to resonate at a convenient part of the frequency range of the grid-dip meter. First
measure the inductance of the coil with the
standard condenser connected to it. Then substitute the unknown capacitance for the standard and determine the new resonant frequency.
The unknown capacitance is then

25,330

A calibrated variable condenser is generally
used for measuring capacitance. The circuit is
shown at B in Fig. 21-28. The frequency of the
circuit, using any convenient coil, is first
measured with the unknown capacitance disconnected and the calibrated condenser set
near maximum. The unknown is then connected and the calibrated condenser readjusted
to resonance. The unknown capacitance is then
equal to the difference between the capacitances at the two settings of the calibrated condenser. Obviously only capacitances smaller
than the maximum capacitance of the calibrated condenser can be measured by this
method.
Since high accuracy in capacitance measurement is not ordinarily required, a satisfactory
standard is any condenser of the straight-line
capacitance type, for which asufficiently good
calibration curve can be constructed by noting
the dial setting at which the plates just start
to mesh and the setting at which they are corn-

cupf.t.

=

L2
55
1
1:10
,.. 2

where f is the new frequency. This method is
most adaptable to capacitances in the range
10-1000 ¡add. The standard condenser should
be approximately 100 ;add. for this range of
measurement.

Standard
Contlerner

(A)

Any Coneeneent
Value of Inductance

(B)

Grtd-D.p
Meter

Unknown
Capac,tance

-3

,
Cal,brated

CondeeSee

Fig. 21-28 — Set-ups for measuring inductance and capacitance with the grid-dip meter.
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Audio-Frequency Oscillators
A useful accessory for testing audio-frequency
amplifiers and modulators is an audio-frequency
signal generator or oscillator. Checks for distortion, gain, and the ordinary troubles that
occur in such amplifiers do not require elaborate
equipment: in most cases, a single audio frequency in the 500-1000 cycle region will suffice.
The ehief requirement is t
hat the audio oscillator
be able to generate areasonably good sine wave.
Figs. 21-29 to 21-31, inclusive, show a simple
oscillator of a type entirely adequate for ' phone
transmitter testing using the methods described

output. It can also be used for testing speech
amplifiers and modulators where a single audio
frequency is sufficient.
The circuit diagram is given in Fig. 21-29. One
section of a double trimle is used as aColpitts
oscillator, with C2, C3 and the secondary winding
of 7' i forming the tuned circuit. ( With the transformer specified, the entire secondary winding
is used.) The primary winding 7'1 is comieeted to
the grid of the second triode section, which is
used as acathode follower. Variable outout from
the unit is taken front the arm ) fapoteniiometer,
CATHODE FOLLOWER

OSCILLATOR
Fig. 21-29 — Circuit diagram of
the simple audio oscillator.
CI,C4 — 0.1 pfd., 600-volt paper.
— 0.04 pfd., 600-volt paper
(Sprague 6T111-S4).
— 0.03 pfd., 600-volt paper
(Sprague 6TM -S3).
lIt — 1megohm,
watt.
11 2 — 10,000 ohms, ,1¡ watt.
5000-ohm potentiometer.
114, Ha — 4700 ohms,
watt.
116, It; — 47,000 ohms,
watt.
Ji — 4-prong chassis connector,
male.
— interstage audio transformer
(Stancor A-4711).

r

C2
c1

I,
GPM

0 4104
AUDIO

in the chapter on amplitude modulation. It generates a fixed frequency of approximately 400
cycles, and since it is provided with a step attenuator giving maximum outputs of approximately 1, 0.1, and 0.01 volts r.m.s., as well as
continuously-variable output control, it can be
used as a substitute for any type of microphone
by proper choice of the high, medium, or low

•

Fig. 21-30 —
simple and inexpensive audio oscillator
for use in checking ' phone trausmitter operation. It
generates a good sine nave of fixed frequency and is
iirovided with an attenuator so that the output level
ran be set at the proper value for substituting for any
type of microphone.

•

OMEt

01.0W

OUTPUT

connected as the cathode-follower oad. The
high output is taken directly from R3, while the
two lower outputs are taken from a ladder-type
divider, R4R6 and R5R7. These points are brought
out to tip jacks.
Molded paper condensers should he used at
C2 and C:i; cardboard-cased tubulars !save been
found to be unreliable in this circuit.
R3,
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Fig. 21-31 — Bottom view of the
simple audio oscillator. Placement Of
ilart i not at all critiral. Fo this
unit it cc , sneec—ary to parallel eon.
den.cr- to form (::2 and Ca of the
saloe- . pecilied ici Fig. 21-29, since
.lo gic ,,,, it of the proper capacitance
ucre not available at the time. The
ch-- i- is 7) X 7 X 2 inches.

•

The power requirements are quite low — the
total enthode current of the 6SN7GT is only 7.5
ma. and can be taken from any convenient source
of about 150 volts. The 6SN7GT heater requires
0.6 amp. at. 6.3 volts.

•VARIABLE- FREQUENCY AUDIO-IF.
OSCILLATOR

For measurements requiring a variabh-frequelley audio source the signal generator shown
in Figs. 21-32 to 21-35, inclusive, is relatively
inexpensive and easy to build. It is also useful as
an intermediate-frequency signal generator fin
aligning receiver if, circuits at any frequency up
to 500 kc. The complete frequency range is 50
cych? to 5049 kilocycles.
The oscillator consists of a 6AG7 amplifier
coupled to a 6AG7 cathode follower. Two feedback loops are provided: ( 1) acathode-to-cathode
regenerative loop consisting of C6 and lamp h;
(2) acathode-to-grid degenerative loop consisting
of a bridged-T circuit. Oscillation occurs at the
null frequency of the bridge, where the degeneration is minimum, ami is determined principally
by the values of C6, C7, Cg and R6 through Rm .
The oscillator output is fed to the grid of a 6V6
cathode follower, which serves as an isolation
stage b(Iween oscillator and load. Potentiometer
Rig in the grid circuit controls the output voltage.
Output from the unit is taken across the 6V6
cathode resistor, R12 ,through the coupling condenser, Co. At 100 cycles the value given for Cu
is suitable for working into load impedances as
low as 20,000 ohms. For low audio frequencies
and loads between 500 ohms and 20,000 ohms,

excessive loss of voltage can be avoided by substituting a 25-MM. eItch rolytic at Cot.
A 4-watt 115-v cit lamp, h, regulates the feedback current atol tsus hem is to keep the output
voltage constant throughout the range. Potentiometer /? 2 provides the means for adjusting the
operating conditions to give minimum waveform
distortion.
The 50-cycle to 500-kilocycle band is covered
in four ranges, as follows:
Range
11

Frequency
50 to 500 kilocycles
5000 to 50,000 cycles
500 to 5000 cycles
50 to 500 cycles

Each step covers a 10-to- 1frequency range.
The ceramic trimmer, CI,ci nneeted between
the 6AG7 cathodes, has lit tie effect at the lower
frequencies, but to 111:I in lain the 10- to- 1 frequency ratio on the high range this trimmer is
essential.
The power supply uses a two-section choke
input filter to insure good_ filtering. The corn-

Fig. 21-32 — An RC oscillator covering the unusually
wide range of 50 cycles to 500 kilocycles, with good
waveform and practically constant output.
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CATHODE
FOLLOWER
606

R
4
6
AG

Co
Rig

Cg

C1
0
. LI
.o=ez

6AG7

ponents are confined to the extreme rear of the
chassis and shielded wire is used for the filament
wiring.
Construction
The complete unit is housed in a standard
8 X 10 X 8-inch steel cabinet. The chassis is
7 X 9 X 2 inches.
The power transformer, 7' 1,is submounted at
the rear of the chassis. The can-type electrolytics,
C12 and C13, are mounted above the chassis while
the filter chokes are placed below.
The main tuning condenser, C6, must be insulated from the chassis. Small porcelain stand-offs
or a slab of polystyrene or bakelite sheet will be
satisfactory. An insulated coupling must be used
between the condenser and dial. The frequencydeterm it ting resistors, R6 through R13 , are
mounted on the ceramic range switch, SI,which
is located under the tuning control. These resistors must have the designated values or the
frequency ranges will differ from those given. Resistors of 10 per rent tolerance are sat isfac t
On the front panel there are four client's a I

Fig. 21-34 — In this rear view of the
oscillator the metal tube on the left is
the first cathode follower. The tuning
condenser and its trimmers are
mounted on a piece of bakelite to
insulate them from ground and the
condenser is driven through an insulated coupling. The control shaft
of the waveform potentiometer. 82.
is visible on the chassis to the right
of the tuning condenser.

Ji —
—
S2 —
Ti —

Fig. 21-33 — Circuit diagram of the
audio-i.f. test oscillator.
— 0.1812-afd.
(:2 — 40-afd. 150- volt electrolytic.
Ca — 1-afd. 400-volt paper.
(24, C7, Cs---15-gpfd. ceramic trimmers ((:entralab Type 822Output
IIN).
C5 — 100- g fd. 150 " It electroly tic.
Ca — 500- apfil.-per-se ,•iion dual variable, broadcast receiver type.
Co,
(: 11 — 0.1-afd. 400- volt paper.
C12 ,
— 40. 5 fd. 450-volt electrolytic.
100 ohms, 1watt.
112— 2000-ohm wire-wound potentiometer.
113, Rio — 68 ohms, 1watt.
114, RIT — 5000 ohms, I() watts.
1. 2
asms
RS — 27,000 ohms, 2 watts.
Rs — 15,000 ohms, 3 watt, 10%.
11 7 — 0.18 megohm, 32 watt, 10%.
Rs — 1.8 megoluns, 12 watt, 10%.
I
la — 20.0 megohms, 3
,
2watt, 10%.
RIO — 2700 ohms, 12watt, 10%.
Ru — 39,000 ohms, 32 watt, 10%.
1112— 0.33 meaohm,
watt, 10%.
1113— 3.3 megohms, 32 watt, 10%.
1114, Rio — 1.0 megohm, 1watt.
Ris — 0.5-mcgohm potentiometer.
R IO — 2200 ohms, 1watt.
It,
— 10-hy. 50-ma. chokes.
Ii — 1-watt 115-volt lamp.
Shorting-tvpe microphone jack ( Amphenol 73-CL
PC1 M
Single-section 2- pole 4-position ceramic.
S.p.s.t. toggle switch.
300-0-300 v., 50 nia.; 5 v., 2 amp.; 6.3 v., 3 amp.

the output terminal. A National type SCN dial
is used for tuning. In t
he lower corner of the panel
is a toggle swit ch, S2, for the a.c. line. The bandchanging swit ch is placed under the tuning knob.
At the lowe right is the attenuation control,
R18 ..
lust above this control is the output connector, J1.These controls fasten the panel to the
chassis.
Preliminary Adjustment
An oscilloscope should he used for adjusting the
waveform and for calibrating the low- frequency
ranges. Connect the output of the oscillator to the
vertical plates of the ' scope and, with the range
selector in position D and the tuning condenser,
Ca, nearly at maximum, adjust the internal horizontal sweep in the ' scope for synchronization.
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Fig. 21-35 — Bottom view of the audio-i.f.
test oscillator. The filter chokes are at the
bottom right. The frequency-determining
resistors are supported by the ceramic range
switch at the top center.

R2 should be adjusted to give agood sine wave. In
case the 'scope has no internal sweep, an external
source of 60 cycles from a filament transformer
can be used as the horizontal sweep, and the
tuning condenser of the test oscillator adjusted
until asingle-loop Lissajous pattern appears. The
pattern will resemble either a circle, ellipse, or
straight line. Adjustment of R2 will affect the
symmetry of the loop about its own axes and the
distortion will be least when the loop is perfectly
symmetrical.
To adjust the ranges, set the tuning condenser
approximately 10 dial divisions from minimum
capacity with S1 on range D. Trimmers C7 and
Cg should be set to full capacity. Connect the
output of the oscillator to the vertical plates of
the 'scope. Feed the audio output of a receiver
tuned to WWV to the horizontal plates. WWV
sends either a 440- or 600-cycle tone, so make
sure that the adjustment is made during the 4-10cycle period. Adjust trimmers C7 and Cg a little
at a time, keeping ; heir capacities about equal,
until a single-loop Lissajous figure is seen on the
screen. This adjustment sets the high end of
range D and at the sanie time fixes ranges B
and C.
Most 'scopes are useless for calibration in the
r.f. range. A simple yet effective method for adjusting the high end of range A utilizes areceiver
calibrated over the broadcast band. For preliminary adjustments, the 500-kc. intervals starting
at 1Mc. are needed. However, the 10-kc. points
from 600 kc. and up will be useful later on for
calibration. Broadcast stations min be used to
spot frequencies on the dial_ By interpolation, the
10-kc. points can be marked with reasonable accuracy. A 10-kc. multivibrator would be excellent for calibration, but the station spotting
method will give very satisfactory results. After
calibrating the receiver, the output of the oscillator should be connected to the antenna terminals through a shielded cable. Set R18 at maximum and the main tuning dial five divisions from
minimum capacity. With the receiver set at
exactly 1000 kc. and the b.f.o. in the " on" posi-

tion, aljust trimmer C4 for zero beat. The oscillator will be on 500 ke. if beats are observed only
at 1000 kc. and 1500 kc. It may be necessary to
try a few settings of C4 before the right one is
found.
Calibration
Up to 5000 cycles, covered by ranges C and D,
the oscilloscope and the WWV standard audio
signal are used for calibrating. Information on
using Lissajous figures is given later in this chapter. Assuming that 60 cycles from the power line
and WWV's 440- and 600-cycle tones are the
standard signals available, it is feasible to calibrate up to 6000 cycles; above this frequency the
patterns are too complex for rapid analysis.
Between 6000 and 10,000 cycles, the most
feasible method is to obtain 1
he pointe from a
regular calibrated audio oscillator. Alternatively,
a fixed-frequency oscillator ( such as the simple
type described earlier in this section) can be constructed in temporary fashion and adjusted to,
say, 2000 cycles and used for obtaining points at
2-kc. intervals between 6 and 10 kc. by the
Lissajous-figure method.
To spot points from 10 kc. to 500 ke., the full
output of the oscillator on range C is fed into the
calibrated receiver antenna terminals, and the
tuning control should be adjusted until the signals
fall at every 10-kc. point through the broadcast
band. At this setting the oscillator frequency will
be 10 kc. Considerable care, and several attempts,
will undoubtedly be necessary before the correct,
setting is reached. The harmonic method described earlier in this chapter in the section on
frequency measurement can be used for calibrating up to 500 kc.
In using the instrument, a warm-up period of
about 20 minutes should be allowed for the frequency to stabilize. At the setting of R2 that
gives good waveform, the output with R18 at
maximum is approximately 10 volts r.m.s. The
attenuator gives smooth output control and is
readily adjustable to outputs in the microvolt
region even at 500 kc.
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The Oscilloscope
The cathode-ray oscilloscope gives a visible
representation of signals at both audio and
radio frequencies and can therefore be used
for many types of measurements that are not
possible with instruments of the types described earlier in this chapter. For example, it
can be made to show the waveform of an
audio- frequency signal and thus detect distortion in an audio-frequency amplifier. With
suitable calibration, it will measure a.c. voltages at radio as well as audio frequencies.
The oscilloscope is such a versatile instrument
that it is a highly valuable addition to the
practical amateur station.

system which makes the electron paths converge to a point at the fluorescent screen. The
potential on anode No. 2is usually fixed, while
that on anode No. 1is varied to bring the beam
into focus. Anode No. 1is, therefore, called the
focusing electrode.
Sharpest focus is obtained when the electrons of the beam have high velocity, so that
relatively high d.c. potentials are common with
cathode-ray tubes. However, the current required is small, so that the power consumption
is negligible. A second grid may be placed between the control grid and anode No. 1, for
additional acceleration of the electrons.

The heart of the oscilloscope is the cathoderay tube, avacuum tube in which the electrons
emitted from ahot cathode are first accelerated
to give them considerable velocity, then formed
into a beam, and finally allowed to strike a
special translucent screen which fluoresces, or
gives off light at the point where the beam
strikes. A narrow beam of moving electrons is
analogous to a wire carrying current, and can
be moved laterally, or deflected, by electric or
magnetic fields.
Since the cathode-ray beam consists only of
moving electrons, its weight and inertia are
negligibly small. For this reason, it can be made
to follow instantly the variations in periodicallychanging fields at both audio and radio frequencies.
The electrode arrangement that forms the
electrons into abeam is called the electron gun.
In the simple tube structure shown in Fig.
21-36, the gun consists of the cathode, grid,
and anodes Nos. 1and 2. The intensity of the
electron beam is regulated by the grid in the
same way as in an ordinary tube. Anode No. 1
is operated at apositive potential with respect
to the cathode, thus accelerating the electrons
that pass through the grid, and is provided
with small apertures through which the electron stream passes. On emerging from the
apertures the electrons are traveling in practically parallel straight-line paths. The electrostatic fields set up by the potentials on anode
No. 1 and anode No. 2 form an electron lens

When focused, the beam from the gun produces only a small spot on the screen, as described above. However, if after leaving the
gun the beam is deflected by either magnetic
or electric fields, the spot will move across
the screen in accordance with the force exerted
on the beam. If the motion is rapid, the path
of the spot (trace) appears as acontinuous line.
Electrostatic deflection, the type generally
used in the smaller tubes, is produced by deflecting plates. Two sits of plates are placed at
right angles to each other, as indicated in Fig.
21-36. The fields are created by applying suitable voltages between the two plates of each
pair. Usually one plate of each pair is connected
to anode No. 2, to establish the polarities of
the vertical and horizontal fields with respect
to the beam and to each other.

•CATHODE-RAY TUBES

Heater

Cathode

Control electrode
(6rat No 0

Nigh- voltage a,,ade
(Anade
2)

rocasz Horizontal
electrode
deflectuig
(Anode No if
plates

Methods of Deflection

Formation of Patterns
When periodically-varying voltages are applied to the two sets of deflecting plates, the
path traced by the fluorescent spot forms a
pattern that is stationary so long as the amplitude and phase relationships of the voltages
remain unchanged. Fig. 21-37 shows how such
patterns are formed. The horizontal sweep
voltage is assumed to have the "sawtooth"
waveshape indicated. With no voltage applied
to the vertical plates the trace simply sweeps
from left to right across the screen along the
horizontal axis X-X' until the instant H is
reached, when it reverses direction and returns

Vertical

deftectinf

plates

Glass
envelope

Fig. 21 36 — Typical construction for acathode-ray tube of the electrostatic-deflection type.
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to the starting point. The sine-wave•voltage
applied to the vertical plates similarly would
trace aline along the axis Y— Y' in the absence
of any deflecting voltage on the horizontal
plates. However, when both voltages are present the position of the spot at any instant
depends upon the voltages on both sets of
plates at that instant. Thus at time B the
horizontal voltage has moved the spot a short
distance to the right and the vertical voltage
has similarly moved it upward, so that it
reaches the actual position B' on the screen.
The resulting trace is easily followed from the
other indicated positions, which are taken at
equal time intervals.
Types of Sweeps
A sawtooth sweep-voltage waveshape, such
as is shown in Fig. 21-37, is called a linear
sweep, because the deflection in the horizontal
direction is directly proportional to time. If
the sweep were perfect the fly-back time, or
time taken for the spot to return from the end
(H) to the beginning (Ior A) of the horizontal
trace, would be zero, so that the line Ill would
be perpendicular to the axis Y— Y'. Although
the fly-back time cannot be made zero in practicable sweep- voltage generators it can be
made quite small in comparison to the time of

D VERTICAL
E

Fig. 21-37 — A.c.voltage waveshape
as viewed on an
oscilloscope screen,
showing the formation of the pattern
from the horizontal
(sawtooth) and vertical sweep voltages.
HORIZONTAL

the desired trace AH, at least at most frequencies within the audio range. The fly-back time
is somewhat exaggerated in Fig. 21-37, to show
its effect on the pattern. The line WI' is called
the return trace; with a linear sweep it is less
brilliant than the pattern, because the spot is
moving much more rapidly during the fly-back
time than during the time of the main trace. If
the fly- back time is short enough, the return
trace will be invisible.
The linear sweep has the advantage that it
shows the shape of the wave in the same way
that it is usually represented graphically. If the

time of one cycle of the a.c. voltage applied to
the vertical plates is a fraction of the time
taken to sweep horizontally across the screen,
several cycles of the vertical or " signal" voltage will appear in the pattern. The shape of
only the last cycle (or the last few cycles, depending upon the number in the pattern and
the characteristics of the sweep) to appear will
be affected by the fly- back in such a case.
The shape of the pattern obtained, with a
given signal waveshape on the vertical plates,
obviously will depend upon the shape of the
horizontal sweep voltage. If the horizontal
sweep is sinusoidal, the main and return sweeps
each occupy the same tinte and the spot moves
faster horizontally in the center of the pat tern
than it does at the ends. When two sinusoidal
voltages of the same frequency are applied to
both sets of plates, the pattern may be a
straight line, an ellipse, or a circle, depending
upon the amplitudes and phase relationships of
the two voltages.
For many amateur purposes a satisfactory
horizontal sweep is simply a 60-cycle voltage
of adjustable amplitude. In modulation monitoring (described in the chapter on amplitude
modulation) audio-frequency voltage can be
taken from the modulator to supply the horizontal sweep. For examination of audio-frequency
waveforms, the linear sweep is essential. Its frequency should be adjustable over the entire
range of audio frequencies to be inspected on the
oscilloscope.
Lissajous Figures
When sinusoidal a.c. voltages are applied
to the two sets of deflecting plates in the oscilloscope the resultant pattern depends on
the relative amplitudes, frequencies and phase
of the two voltages. If the relationship between
these quantities is random the pattern is in
continuous motion, but if the ratio between
the two frequencies is constant and can be
expressed in integers the pattern will be stationary. This makes it possible to use the
oscilloscope for determining an unknown frequency, provided a variable frequency standard is available, or for determining calibration
points for a variable-frequency oscillator if a
few known frequencies are available for comparison.
The stationary patterns obtained in this
way are called Lissajous figures. Examples
of some of the simpler Lissajous figures are
given in Fig. 21-38. Patterns of the type shown
in Fig. 21-38 are obtained when the two voltages have equal amplitudes; in case one has
greater amplitude than the other the patterns
will be elongated in the direction having the
larger amplitude but will retain the same essential features. The form of the pattern for
a fixed frequency ratio depends on the phase
relationship bet ween the two voltages; these
figures are for a 90-degree phase difference.
In every case the patterns shown will be produced when the higher of the two frequencies
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is applied to the vertical deflecting plates.
Should the lower frequency be applied to the
vertical plates the pattern will be turned at
right angles. The frequency ratio is found by
counting the number of loops along two adjacent edges. Thus in the third figure from the
top there are three loops along a horizontal
FREQ. RATIO

PATTERNS

1:1

2:1

003

3:1

3: 2

4: 3

Fig. 21-38 — Lissajous figures and corresponding frequency ratios for a90-degree phase relationship between
the voltages applied to the two sets of deflecting plates.

edge and only one along the vertical, so the
ratio of the vertical frequency to the horizontal
frequency is 3 to 1. Similarly, in the fifth
figure from the top there are four loops along
the horizontal edge and three along the vertical edge, giving a ratio of 4 to 3. Assuming
that the known frequency is applied to the
horizontal plates, the unknown frequency is
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signal generators, such as the variable- frequency a.f. oscillator described earlier in this
chapter. Standard audio frequencies for this
purpose are readily available. For very low
frequencies the 60-cycle power- line frequency
is held accurately enough to be used as a
standard in most localities. The medium audiofrequency range can be covered by comparison with the 440- and 600-cycle modulation
on the WWV transmissions. An oscilloscope having both horizontal and vertical amplifiers is desirable, since it is convenient to have ameans for
adjusting the voltages applied to the deflection plates to secure a suitable pattern size.
The signal to the horizontal plates is fed directly to the amplifier, the horizontal linear
sweep ( if any) in the ' scope being switched out.
The 60-cycle voltage can be obtained from the
secondary of a filament transformer. The 440
and 600 cycle voltages from the WWV signal
can be taken from the headphone jack on a
receiver. It is possible to calibrate over a 10te-1range, both upwards and downwards, from
each of the latter frequencies and thus cover the
audio range useful for voice communication.
Figs. 21-39 through 21-41 show the circuit and
constructional details of a simple 2-inch oscilloscope suitable for the r.f. measurements described in the chapter on amplitude modulation.
The compact assembly, with everything supported by the 314 by 5% inch panel, makes it
possible to mount it right in a transmitter unit,
if desired. In such case the heater power and high
voltage for the 2BP1 tube may be taken from the
transmitter power supply. The heater of the tube
requires 6.3 volts at 0.6 ampere. The high voltage
may be anything between 500 and 1000 volts, the
maximum current being about 600 microamperes.
Fig. 21-40 is the circuit diagram of the unit.
Four controls are provided, for adjusting the focus
and brightness and for centering the pattern both
horizontally and vertically. The horizontal and
vertical signal input terminals are isolated from

n2

12 = n1fi

where fi = known frequency applied to horizontal plates,
12 = unknown frequency applied to vertical plates,
ni = number of loops along a vertical
edge, and
n2 = number of loops along ahorizontal
edge.
In calibrating an oscillator, one of the frequencies is usually variable. The 90-degreo
pattern can be obtained by careful adjustment
of the variable frequency until a stationary
pattern resembling those shown is obtained.
As the phase is varied the patterns will assume
various forms, for agiven frequency ratio, but
the 90-degree pattern is easily identified because it is the most symmetrical.
An important application of Lissajous figures is in the calibration of audio-frequency

Fig. 21-39 — A 2-inch oscilloscope of compact construe
lion, suitable for modulation measurements and monitoring. It is designed around the 213P1 cathode-ray tube
and can be
ted either in the transmitter itself or
in aseparate cabinet. (Built by W1BIID and W1NUQ.)
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the e.r.t. deflection plates for d.c. by blocking
condensers Cl
tand C2. These condensers should
be rated to stand the maximum voltage applied
to the tube plus the peak signal voltage. The signal voltage required for full deflection depends
on the high voltage Used, and for 500-volt operation is 65 volts per inch hi trio,
ally and 40 volts
per inch vertically. At 1000 volts the eorresportding figures are 130 volts per inch horizontally
and 80 volts iwr hid) vertically.
As shown in Figs. 21-39 and 21-41, the four
control potentiometers are mounted in pairs each
side of the c.r.t. face on the panel. Quarter inch
brass rods support a small bakelite panel at the
rear. Power connections are made by means of a
terminal strip, and double binding-post assemblies are uffll for the signal inputs. The brass rod
supports are drilled and tapped at the ends, and
Fig. 21-11 — Rear view of the 2-inch oscilloscope. The
2131'1 is supported by the strap at th e en d o fthe shield,
which clamps aroun d the tube base. The tube socket
floats, with short flexible leads running to the terminal
board.

+H V.

21-42, with a potentiometer for setting it to the
proper value to give apattern of the desired size.
The unit can of course be mounted in astandard utility box or cabinet, if desired, in which
event it is convenient to include apower supply.
A suitable diagram is given in Fig. 21-42. Any
small replacement transformer can be used for
the purpose, since the power required is extremely
small.

SIG.
INPUT

GIG.
INPUT 0

_L
6, 3v.

Fig. 21-40 — Circuit diagram of the 2-inch oscilloscope.
The high voltage may be between 500 and 1000 volts,
according to the voltage available.
Ci, C2, C4, C5 — 0.01-pfil., 1000-‘olt rating.
— 0.5 dd., 500 ooh-.
RI, R2— 3-megolim s' ,Prune Control.
113, 114 — 82,000 ohm-, 2
.watt.
R5, R — 2.2 megoluns. 1., watt.
R7 — 0.75 megohm, Iis at-t.
Rs, Rio — 0.25-niegolun volume control.
Rs — 0.1 megohm, 1watt.
Rut — 0.27 megohm, 1watt.

115 V.A.C.
God.
o

the front are assembled to the same holes that
mount the bezel ( Millen 80072) and the tube
shield ( Millen 80042). The latter is used to protect the tube from both low-frequency a.c. and
r.f. fields that act on the beam and distort the
pattern.
Connections and use of an oscilloscope of this
type for modulation checking are described in
the chapter on amplitude modulation. For the
trapezoidal pattern some of the audio voltage
from the modulator should be applied to the
horizontal plates through a voltage divider as
described in that chapter. For continuous monitoring of modulation a60-cycle sweep can be used
on the horizontal plates. The 60-cycle voltage
can be obtained through a small audio transformer from the power line, as indicated in Fig.

6.3 V.

at

o
60
Sweep
Output

a

God.

Fig. 21-42 — Suggested power supply for the 2-inch
oscilloscope if power is not supplied by the transmitter.
A 60-cycle sweep circuit is included.
Ct — 0.25 to 1pfd., 1000 volts.
Ri — 0.5-megohm volume control.
Si, S2 — S.p.s.t. toggle.
Ti — Small replacement transformer, 250 to 350 volts
each side c.t., current rating unimportant. The
2x2 rectifier filament is supplied by one-half
of the 5-volt rectifier winding. Filament secondary 6.3 volts, current required 0.6 amp.
T2
Audio transformer, 1to 1ratio suitable.
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•

LINEAR SWEEPS AND

AMPLIFIERS

Probably the chief use of the oscilloscope in
amateur work is in measuring the percentage
modulation in ' phone transmitters and in serving as a continuous monitor of modulation
percentage. An oscilloscope for this purpose
may be quite simple and inexpensive, consisting only of a small cathode-ray tube and an
appropriate power supply as described earlier.
However, by providing amplifiers for the deflection plates and furnishing a linear sweep
circuit, the possibilities of the instrument are
greatly extended. It then becomes possible, for
example, to examine a.f. waveforms and to
locate causes of distortion in a.f. amplifiers.

change is used for the sweep. The fly- back time
is the time required for condenser discharge
through the sweep-generator tube; to keep
this time small, the resistance during discharge
must be low.
The " sawtooth" rate is controlled by varying the capacitance between plate and ground
and the resistance of R6R7. To obtain a stationary pattern, the sweep is synchronized by
introducing some of the voltage being observed
on the vertical plates into the grid circuit of the
884 gas triode. This voltage " triggers" the
tube into operation in synchronism with the
signal frequency. Synchronization will occur
so long as the signal frequency is nearly the
same as, or a multiple of, the self-generated
sweep frequency.

Gas Tube Sweep Generator

A circuit for a linear sweep generator and
amplifier is shown in Fig. 21-43. The tube is
a gas triode or grid-control rectifier. The striking or breakdown voltage, which is the plate
voltage at which the tube ionizes or " fires"
and starts conducting, is determined by the
grid bias. When plate voltage, Eh in Fig. 21-44,
is applied, the condenser between plate and
ground acquires a charge through Rt
,R 7.The
charging voltage rises relatively slowly, as
shown by the solid line, until the breakdown
or flashing point, l'f, is reached. Then the
condenser discharges rapidly through the comparatively low plate-cathode resistance of the
tube. When the voltage drops to a value, E.,
too low to maintain plate-current flow, the
ionization is extinguished and the condenser
once more charges through R6R7. If the resistance is large enough, the voltage across
the condenser will rise linearly with time up
to the breakdown point. This linear voltage

ok•---

Time

Fig 21-44— Condenser charging curves showing how a
sawtooth wave is produced by a gaseous- tube linear
sweep oscillator.

The pentode amplifier in Fig. 21-43 can be
used either to amplify the sweep- voltage output of the 884 oscillator, or to amplify any
external voltage that it may be desired to use
as a horizontal sweep. The gain coptrol, Rii,
provides a means for adjusting the width of
the pattern on the cathode-ray tube screen.
The output of the amplifier should be connected to the horizontal deflection plates of
the tube. If this circuit is to be used with the
EXT. SWEEP
Re

884

Cto
i ,re.
:1..

Ré

SYNC.
R7

_

--,

Ca

i

CTCTCfÇTCTCeT
a

Fine
Freq
Control
Ra

VeWiN

;
7
;
I
—450 +

Fig. 21-43 — Linear sweep generator and horizontal amplifier.
R3— 470 ohms, 3,'Y watt.
Ci — 0.1- 51d. paper.
114 — 2200 ohms, 32 watt.
C2 — 25. 5fd. 25- volt electrolytic.
Rs — 22,000 ohm., 1watt.
— 0.25.afil. paper, 600 volts.
119 — 0.33 megohin, 32 %, att.
C4— 0.1-itftl. paper, 600 volts.
R7 — 1.megohm potentiometer.
Cs — 0.01-aftl. paper, 600 volts.
Rs, R9
62,000 ohms, 1watt.
Co — 0.015. 51d. paper, 600 volts.
Rio — 1 megohm, 3,4 watt.
C7 — 0.005- 5M. paper or mira, 600 volts.
Rut
—
0.5.inegohm
potentiometer.
C9— 0.0022-afd. mica.
Ru 2 — 820 ohms, 34 watt.
Clj — 0.5- mfd. paper, 600 volts.
Ru 3 — 0.1 megohm, 1watt.
Cio — 8-afd. electrolytic, 450 volts.
RI4— 2.2 megohms, or bleed resistor for
Ri — 0.25.megohm potentiometer.
zontal deflection plates.
112 — 22,000 ohms, 3.4 watt.

hori-
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oscilloseope previously described, 1he out put
terminals may be connected directly to the
horizontal input, ernana Is on the 'scope unit.

input

Vertical Amplifiers
When using an oscilloscope for checking
audio- frequency waveforms a " vertical" amplifier is a practical necessity. For most purposes the amplifier will be satisfactory if its
frequency- response characteristic is flat over
the a.f. range and if it has a gain of 100 or so.
A typical circuit is shown in Fig. 21-45. It will
be recognized as being practically similar to
the " horizontal" amplifier of Fig. 21-43. A
high- resistance gain control is desirable, to
avoid loading the audio circuits to which the
amplifier is connected.
When such an amplifier is used with the
oscilloscope of Fig. 21-40, the out put terminals
should be connected to the vertical input terminals on the 'scope.
Constructional Considerations
In building an oscilloscope, care should be
taken to see that the tube is shielded from
stray electric and magnetic fields that might
deflect the beam, and means should be provided to protect the operator from accidental
shock, since the voltages employed with the
larger tubes are quite high. In general, the
preferable form of construction is to enclose
the instrument completely in a metal cabinet.
From the standpoint of safety, it is good practice to previde an interlock switch that automatically disconnects the high- voltage supply
when the cabinet is opened for servicing or
other reasons.
In laying out the unit, the cathode-ray tube
must be placed so that the alternating magnetic

- 300 4.

Fig. 2145 — Circuit diagram of a vertical amplifier for
an oscilloscope.
CI,C3, C4— 0.1- gfd. paper, 400 volts.
(2 — 25- gfil. 25- volt elertrolytic.
Ri — 1-megolun potentiometer.
R2 — 1500 ohms, I2 Watt.
R3 — 2.2 megolims, I . att.
114 — 0.47 tnegolutt, 1watt.
R5 — 2.2 megoluns, or bleed resistor for vertical deflection plates.

field from the power transfortner has no effect
on the electron beam. The transformer should
be mounted directly behind the base of the
tube, wit hthe axes of the transformer windings
and of the tube on a common line.
It is important that provision be included
either for switching off the electron beam or
reducing the spot intensity when no signal
voltage is being applied. A thin, bright line or a
spot of high intensity will " burn" the tube
screen.
If trouble is experienced in obtaining aclean
pattern from ahigh- power transmitter because
of r.f. voltage introduced by the 115- volt line,
by-pass condensers (0.01 or 0.1 afd.) should be
connected in series across the primary of the
power transformer, the common connection
between the two being grounded to the oscilloscope case.

Antenna and Transmission-Line Measurements
Two principal types of measurements are made
on antenna systems: 1) The standing-wave ratio
on the transmission line, as a means for determining whether or not the antenna is properly
ma tolled to tile line; 2) The comparative radiation field st rength in the vicinity of the antenna,
as ameans bu• checking the directivity of abeam
antenna an as an aid in : tdjustment of element
tuning and phasing. Both types of measurement s
can be made with rather simple equipment.

e
ti

•FIELD

STRENGTH MEASUREMENTS

The radiation field of an aritenna is measured
with a device that is essentially a very simple
receiver equipped with an indicator to give a
visual representation of the comparative signal
strength. Such a field-strength meter is used
with a " pick-up antenna", which should always
have the same pdarization as the antenna being
ehecke I — e.g., the pick-up antenna should be
horizot tal if the transmitting antenna is lion-

Jig. 21-46 — A logarithmic field-strength meter of high sensitivity. It uses two miniature
battery-operated tubes and a 0.500 microammeter, and gives readings that are approximatek proportional to the change in field
stren gth in decibels.

•
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R.F AMP
11'4

DEFAMP
1115

wavelengths and a relatively insensitive meter
is used.
Field- Strength Meters

2
Ant.

e.

5V
_114111
Fig. 21-47— Wiring diagram of the sensitive fieldstrength meter.
t:1, C2, — 0.001-ad. ceramic.
(:3, — 470-ppfd. ceramic.
— 0.005-pfd. ceramic.
lIt — IS inegohms.
1,1 — II \ lc.: 8 turns No. 30 d.c.e.
28 \ I ,•.: ti turns No. 22 d.c.e.
1.2 II \ lc.: 34 turns No. 30 d.c.e.
28 \ lc.: 21 turns No. 22 d.c.c.
1.3 — II \ l,.: 27 turns No. 28 d.e.c.
28 \ lc.: In turns No. 20 d.e.r.
Li wound oser ground end of L2. 1.2 and L3 doge.
wound on Nat• • INit -50 slug-tuned coil forms.
111:Ci — 750 ph. ( National l(33).
— S.p.s.t. toggle.
NIA — 0.5 milliammeter.

zontal. Care should be taken to prevent stray
pick-up by the field-strength meter itself or by
any transmission line that may connect it to the
pick-up antenna.
Field-strength measurements preferably should
be made at a distance of several wavelengths
front the transmitting antenna being tested.
Measurements made within a wavelength of the
antenna may be misleading, because of the possibility that the measuring equipment may be
responding to the combined induction and radiation fields of the antenna, rather than to the
radiation field alone. Also, if the pick-up antenna
has dimensions comparable with those of the
antenna under test it is likely I
hat the coupling
between the two antennas will be great enough
to cause the pick-up antenna to tend to become
part of the radiating system and thus result in
misleading field-strength readings.
A desirable form of pick-up antenna is adipole
installed at the same height as the antenna being
tested, with low-impedance line such as 75-ohm
Twin- Lead connected at the center to transfer
the r.f. signal to the field-strength meter. The
length of the dipole need only be great enough to
give adequate meter readings. A half- wave dipole
will give maximum sensitivity, but such length
will not be needed unless the distance is several

The crystal-ilet(ictor wavemeter deScribed
earlier in this chapter may be used as a fieldst rength meter. It may be coupled to the t
ransmissi(01 line to the pick-up antenna by intians of
a link of a few turns wound around the wavemeter coil. Also, the wavemeter proper may be
connected to the milliammeter through asection
()I' lampeord or similar two-conductor cable of
111y convenient length. This permits the milliammeter unit to be near the point where adjustments are being made, even though the pick-up
antenna and wavemeter may be several wavelengths awa V.
The in( lications with acrystal wavemeter connected as shown in Fig. 21-10 will tend to be
"square law" — that is, the meter reading will
be proport i(inal to t
he situare of the r.f. voltage.
This exaggerates the effect of relatively small adjustments to the antenna system and gives a
false impression of the improvement secured.
The meter reading can be made more linear by
connecting a fairly large resistance in series with
the milliammeter (or microammeter). About
10,000 ohms is required for good linearity. This
considerably reduces the sensitivity of the meter,
but the lower sensitivity can be compensated for
by making the pick-up antenna sufficiently large.
A Sensitive Logarithmic F. S. Meter
For indicating the effect of antenna adjustments at a distant station, alogarithmic type of
indicator is desirable in the field-strength meter
since the meter rea( lings with such an instrument
are directly proport tonal to decibels. Figs. 21-46
to 2148, inclusive, show a meter of this type.
It makes use of the fact that the rectified d.c.
output of a detector following a.v.c.-controlled
r.f. stages tends to be logarithmic with respect
to the r.f. voltage applied to the receiver.
As shown in Fig. 21-47, the circuit includes
an r.f. amplifier, adetector, and ad.c. amplifier,
using miniature battery tubes. The rectified r.f.
voltage developed across RI in the diode circuit
of the 1U5 is applied through the ground connection to the grid of the 1T4 r.f. amplifier and thus
controls its gain. The 1A
1 - volt " A" battery is
not connected to ground but is allowed to " float",
permitting the a.v.c. voltage to be effective on
the grids.
In the unit shown in the photographs, slugtuned coils are used because of their small size

Fig. 21-48 — The logarithmic f.s. meter is
constructed on a small aluminum ehanncI.
A small copper plate between the two mils
is used for reducing the interst age coupling
to the point where the r.f. anudifier is non regenera tiv e.
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An alternative indicator, also useful with
parallel-conductor lines, is a neon lamp. With
moderate amounts of transmitter power, alowwattage lamp will glow when the glass bulb
is brought into contact with one line wire.
As the lamp is moved along the line, achange
in brightness indicates standing waves. If the
glow is substantially the same all along the
line the s.w.r. can be considered to be low
enough for practical purposes.

000
0000
)000
)000

0000

Standing- Wave Ratio Indicators

7000
5000
3000
>V,

51

02

0.3

METER READING (MA)

04

03

Fig. 21-49 — Typical calibration vors e of the logarithmic field-strength meter. The curs e is sufficiently logarithmic, for practical purposes, between about 0.05 and
0.45 ma. The way in which the readings vary with
applied signal, and not the absolute value of the signal,
is the important point, and since this will not change
significantly so long as the same circuit is used, the
curve above may be used with any similar instrument.

and because they eliminate the need for variable
tuning condensers. However, ordinary condensertuned circuits can be substituted; the only requirement is that the circuits must be tunable to
the frequency at which the antenna is being adjusted. The only critical point about the construction of such a meter is to lay out the tuned
circuits so that the r.f. amplifier is stable; otherwise, any convenient layout may be used.
With the values shown in Fig. 21-47 the nosignal plate current should be very close to 0.5
milliampere. A less-sensitive d.c. instrument will
require more " B" voltage. Whatever the type
of meter, the current may be brought to exactly
full scale, with no signal input, by shunting it
with a variable resistor of suitable range, depending on the internal resistance.
Fig. 21-49 is a typical calibration curve. The
readings are approximately logarithmic over
about 70 percent of the scale, with a range of
about 20 db. Used with a folded-dipole pick-up
antenna, the instrument is sensitive enough for
use a few thousand feet away from a beam antenna fed with afew hundred watts.

•CHECKING STANDING WAVES

Standing waves on a transmission line can
be measured if it is possible to measure the
current at every point along the line, or the
voltage between the two conductors at every
point along the line. Rough cheeks on parallelconductor lines can be made by going along
the line with an absorption wavemeter having
a crystal rectifier, taking care to keep the
pick-up coil (or pick-up antenna) at the same
distance from the line at every measurement.
With such a device the maximum milliammeter
reading usually will indicate current loops if a
small pick-up coil is used, and voltage loops if a
short pick-up antenna is used.

Simple indicators such as those just ment
ioned are useful for checking the presence of
standing waves along a transmission line but
are not adequate for actual measurement of
t
he standing- wave ratio. Also, it is frequently
inconvenient, and sometimes impossible, to
move a current or voltage indicator along a
I
ransmission line for the distance required in
(locking standing waves.

for V=0
RL

R2
7R2

Fig. 21-50 — Resistance bridge as used for resistance

measurement. This fundamental circuit is the basis for
one type of bridge for measuring standing- wave ratio.

An alternative method uses a bridge circuit to measure the standing- wave ratio.
While there are many forms of bridge circuits,
the simple resistance bridge shown in Fig.
21-50 will serve to illustrate the basic principles. This type of bridge is often used for
measurement of resistance. R1 and R2 are fixed
resistors having known values, and Rs is a
calibrated variable resistor. The unknown resistance to be measured, 1k, is connected in
series with Rs to form a voltage divider across
the source of voltage, E. The resistam.y of the
voltmeter, 1", should be very much larger than
any of the four resistance " arms" of the
bridge for maximum accuracy. From Ohm's
Law it is apparent that when /? 1/R2 equals
Rs/R L the voltage drops across RI and R8 are
equal ( this is also true of the voltage drops
across R2 and RI) and there is no difference
of potential between points C and D. Hence
the voltmeter reading is zero (" null") and the
bridge is said to be " balanced." Under any
other conditions the potentials at C and D are
not the same and the voltmeter reads the
difference of potential. When the bridge is
balanced,
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Fig. 21-51 — Standing-wave ratio in terms of meter
reading (relative to full scale) after setting outgoing
voltage to full scale. This graph is aplot of the formula
Vo+ Vr
S. W.R.—
Vo— Vr

100
80
60
•0

where Vo and Ir are the outgoing and reflected components, respectively, of the voltage on the transmission
line.
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R1 and R2 are called the " ratio arms" of the
bridge.
The basis for s.w.r. measurements with a
bridge is the fact that the input impedance of
a properly- terminated transmission line is a
pure resistance equal to the line's characteristic impedance. If amatched line is connecte(I as
the unknown arm of an appropriate bridge
circuit the bridge can be balanced in the usual
way and the indicating instrument will show a

null. However, if the line is not properly terminated the voltage reflected back from the far
end of the line will appear at the terminals of the
bridge and will register on the voltmeter. The
relationship between voltmeter reading ( in percentage of full scale) and standing-wave ratio is
shown in Fig. 21-51. This curve applies only
when the voltmeter impedance is extremely
high — 20 times or more — compared with the
impedance for which the bridge is designed.
While other bridge circuits can be used for
s.w.r. measurement, the resistance bridge is
about the simplest and easiest to build. It lends
itself well to construction for coaxial lines and
when so designed can be used for measurement
of open-wire lines as shown later in this ehapter.

•

S.W.R.

INDICATOR

FOR

COAXIAL

LINES
Figs. 21-52 to 21-54, inclusive, illustrate the
type of construction that should be used in a
coaxial-line s.w.r. indicator. Coupling Iwtween
various parts of the r.f. circuits should be as

Fig. 21-52 — Resistance-bridge standingwave ratio indicator
for coaxial lines. This
unit is built in a2X 4
X 4box with all parts
assembled on the removable sides. The
side on which the
bridge is mounted has
been removed to show
the construe . In
this view the output
coaxial terminal is at
the left and the input
terminal at the right.
The three l-watt resistors grouped together at the lower
right form RI, the
loading resistor. The
ratio resistors, 112 and
113, are in the foreground, mounted vertically just to the
right of the near
shield bracket. The
standard resistor, R4,
is similarly mounted
just to the left of the
shield bracket. This
type of construction
tends to equalize capacitance between tile
resistors and ground and helps maintain accuracy at high frequencie.
The bridge rectifier is just behind the upper of the two ratio resistors, with one terminal protruding ti
al' a
hole in the shield bracket and connecting to the output coax terminal. The line rectifier is at the right. 'I'he shield
running horizontally is between the bridge proper and the d.c. connections to the switch, Si, and the line multiplier, Rs. R8 is just behind and below the line rectifier. Polystyrene feed-through bushings ( National TPB) are
used for running connections through the shields.
With this construction full accuracy is maintained through the 50- Mc. band. The bridge is usable for approximate
measurements at 144 Mc., but is not as accurate as on lower frequencies.
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small as possible. Short leads in the r.f. wiring
are important, to minimize stray reactances that,
although not visible in the circuit diagram, may
become appreciable at frequencies of the order
of 14 Mc. and higher. The loading resistor, RI,
places a constant low-resistance load on the
transmitter and thereby helps maintain constant
voltage across the bridge regardless of the load
that may be connected to the output terminals.
A refinement, although not an essential part of
the bridge, is the voltmeter connected across the
input side of the line and consisting of the crystal
rectifier, C1,and R6, in conjunction ‘vith S1 and
the meter. This line voltmeter is a convenience
in making measurements, because it will show
whether or not the line voltage varies when shifting the output connections from open or shortcircuit ( the reference readings) to the actual
line to be measured. Thus it shows whether or
not an error has been introduced because of
line voltage regulation, and permits readjustment to the proper value. The calibrations of
the two voltmeters do not have to be identical.
The bridge performance can be checked by
using a noninductive resistor of the sans value
Fig. 21-54 — The coax connectors and voltmeter su itch
as R4 (
matched as closely as possible) as a load.
are operated from the rear of the s.w.r. bridge. Care
With the output terminals open and Si set to
should be taken to remove paint from the panel underneath the connectors. 'the opposite side of the instruread input voltage, adjust the transmitter coument contains only the indicating meter, which is conpling to obtain a reading between half and full
nected to the switelt with flexible leads of sufficient
scale. Because the bridge operates at a very low
kngth to permit easy removal of either side.
power level it may be necessary to couple it to
alow-power driver stage rather than to the final
The bridge may be calibrated by using nonamplifier. Alternatively, the plate voltage and
inductive resistors as loads. Adjust the transexcitation for the final amplifier may be reduced
mitter coupling so that the voltmeter reads full
to the point where the power output is of the
scale (s.w.r. poskion of Si) with the output
order of five watts. Then connect the test reterminals open, and then check the input voltage.
sistor to the output terminal, J2, using leads as
Connect various values of resistance across the
short as possible, and switch S1 to the bridge
output terminals, making sure that the input
("SWR") position, when the reading should
voltage is the same in each case, and note the
drop to zero. A poor null under these conditions
reading with the meter in the s.w.r. position.
indicates stray coupling or excessive lead reThe s.w.r. is given by
actance in the bridge circuit.
RL
Ro
S. IV. R.
— or —
R4
Ro

LINE

J
i

Ri

IN34A

82

Coat
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C2

1N34A
Catty

LOAD

it
LINE

S.W.R.

S
'

Fig. 21-53 — Circuit diagram of the standing-wave ratio
bridge.

CI, C2, C3 — 0.005-dd. ceramic.
Ji, J2 — Coax receptacle.
M — Microammeter or 0-1 milliammeter (see text).
RI— 16 ohms, 3watts (three 47-ohm 1- watt resistors in
parallel).
112, R3 — 47 ohms, Y4 watt ( matched for resistance).
R4 — 52 or 73 ohms, according to type of coaxial cable.
Ri — 0.12 megohm for 0-100 microammeter: 12,000
ohms for 0-1 milliammeter.
R6— 47,000 ohms for 0-100 microammeter; 4700 ohms
for 0-1 milliammeter.
St — Single-pole double-throw toggle.

where Ro is the line impedance for which the
bridge has been adjusted to null, and RI. is
the resistance ustx1 as a load. Use the formula
that places the larger of the- twe resistances in
the numerator. The readings may not comespond
exactly for the aune s.w.r. when appropriate
resistors above and below the line impedance fog
which the bridge is designed are used. This is
because of the current taken by the voltmeter.
With the constants given in Fig. 21-53 for a
0-1 milliammeter, the difference between the
"up" and " down" s.w.r. readings should not
exceed about 5 per cent. Using a0-100 micrometer and the constants given, the difference
between " up" and " down" s.w.r. measurements
is negligible, and the calibration curve should be
essentially identical with the theoretical curve
given in Fig. 21-51.
To use the bridge for s.w.r. measurements,
connect it to the transmitter and adjust the
coupling to make the meter read full seale with
the bridge output terminals either open or short-

.
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circuited and Si in the s.w.r. position. Check
the line voltage. Connect the transmission line
to be measured, readjust the transmitter coupling
for the sanie line voltage, if necessary, and then
switch Si to the bridge position for the s.w.r.
reading, as given by the previously-determined
calibration curve.

standing-wave ratio on the line.
The circuit requires rematching, with the test
resist or, vhe tie ve r the frequency is changed
appreuiably. li
in, however, be used over a
portion of an amateur band without readjustment, with negligible error.

Parallel- Conductor Lines

A simple and inexpensive standing-wave
indicator for 300-ohm line is shown in Fig.
21-56. It consists only of two flashlight lamps
and a short piece of 300-ohm line. When laid
flat against the line to be checked, the combination of inductive and capacitive coupling is
such that outgoing power on the line causes the
lamp nearest to the transmitter to light, while
reflected power lights the lamp nearest the load.
The power input to the line should be adjusted
to make the lamp nearest the transmitter light.
to full brilliance. If the line is properly matched
and the reflected power is very low, the lamp
toward the antenna will be dark. If the s.w.r. is
high, the two lamps will glow with practically
equal brilliance.
The length of the piece of 300-ohm line needed
in the twin- lamp will depend on the transmitter
power and the operating frequency. A few inches
will suffice wit h high power at high frequencies,
while a foot or two nias- be needed with low
power and at low frequencies.
In constructing the twin-lamp, cut one wire in
the exact center of the piece and peel the ends
back on either side just far enough to provide
leads to the flashlight lamps. Remove about -.¡"
inch of insulation from one wire of the main
transmission line at some convenient point. Use
the lowest-current flashlight bulbs or dial lamps
available. Solder the tips of the bulbs together
and connect them to the bare point in the transmission line, then solder the ends of the cut portion of the short piece to the shells of the bulbs.
Figs. 21-56 and 21-57 should make the construction clear.
Installing the twin-lamp on a line introduces
a discontinuity in the line impedance which

Bridge measurements made directly on parallel-conductor lines are frequently subject to
considerable error because of " antenna" currents
flowing on such lines. These currents, which are
either induced on the line by the field around the
antenna or coupled into the line from the transmitter by stray capacitance, are in the same
phase in both line wires and hence do not balance
out like the true transmission-line currents. They
will nevertheless actuate the bridge voltmeter,
causing an indication that has no relationship to
the standing-wave ratio.

To
coax
Bridge
Source — e=
of RE
Fig. 21-55 — Circuit for using coaxial s.w.r. bridge for
measurements on parallel-conductor lines. Values of
circuit components are identical with those used for the
similar "antenna-coupler" circuit discussed in the chapter on transmission lines.
The effect of " antenna" currents on s.w.r.
measurements can be largely overcome by using
a coaxial bridge and coupling it to the parallelconductor line through a properly-designed
impedance-matching circuit. A suitable circuit
is given in Fig. 21-55. It closely resembles the
common type of " antenna coupler", and in fut
such a coupler can be used for the purpose. In
the balanced tank circuit the " antenna" or
parallel components on the line tend to balance
out and so are not passed on to the s.w.r. bridge.
It is essential that Li be coupled to a "cold"
point on L2 to minimize capacitive coupling, and
also desirable that the center of L2 be grounded
to the chassis on which the circuit is mounted.
Values should be such that L2Ci can be tuned
to the operating frequency and that Li provides
sufficient coupling, as described in the transmission-line chapter. The measurement procedure
is as follows:
Connect a noninductive ( M or 1watt carbon)
resistor, having the same value as the characteristic impedance of the parallel-conductor line,
to the " line" terminals. Apply r.f. to the bridge,
adjust the taps on L2 (
keeping them equidistant
from the center) and vary the capacitance of Ci
until the bridge shows a null. After the null is
obtained, do not touch any of the circuit adjustments. Next, short-circuit the " line" terminals
and adjust the r.f. input until the bridge voltmeter reads full scale. Remove the short-circuit
and test resistor, and connect the regular transmission line. The bridge will then indicate the

The " Twin- Lamp"

Fig. 21-56 — The " twin-lamp" standing-wave indicator
mounted on 300-ohm Twin- Lead. Scotch tape is used
for fastening.
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standing-wave indicator.
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Line
of the " twin-lamp"

causes the s.w.r. from the twin-lamp back to the
transmitter to differ from the s.w.r, existing
between the antenna and twin-lamp. For this
reason it is frequently desirable to remove it
after s.w.r. checks have been made. It is convenient to mount the twin-lamp on ashort length

of line fitted to a 300-ohm plug at one end and a
mating socket at the other. If similar plugs and
sockets are used on the transmitter and regular
transmission line, the whole test unit can be inserted and taken out at will.
The twin-lamp will respond to " antenna" currents on the transmission line in much the same
way as the bridge circuits discussed earlier. There
is therefore always a possibility of error in its indications, unless it has been determined by other
means that " antenna" currents are inconsequential compared with the true transmission-line
curren t..

CHAPTER 22

Assembling a
Station
An amateur station is generally far better
known by its signal and good operation than by
its physieal appearance. Good operating and a
clean signal will build a reputation faster than
thousands of dollars invested in special equipment and an elaborate " shack," and it is this
very fact that makes amateur radio the democratic hobby that it is. However, most amateurs take pride in the arrangement of their
stations, in the same ‘vay that they are careful
of the appearance and ruTangement of anything else which is part of the household. An
antenna installation is the only external indication of the amateur station, and the degree
of neatness required is generally determined by
the district where the amateur lives and the
attitude of the neighbors. However, with the
advent of all different kinds of television
receiving antennas, neighbors are in a much
less favorable position to complain about the
appearance of an amateur antenna system in
the vicinity. TV!
something else. however!
The actual location inside the house of the
"shack" — the room where the transmitter
and receiver are located — depends, of course.
on the free space available for amateur activities. Fortunate indeed is the amateur with a

good e•ample tel a 'station %s ell prepared for acti% ity
on several bands. the rack houses power supply and
7- and 14-Nly. output amplifiers, with the 3.5- Mc. amplifier adjacent in its own rack. The receiver, VFO, tube
keyer, typewriter, control switches, key and telephone
are all within easy reach of the operator. Special cubbyholes provided for message forms, log book, Call Book
and other papers keep the operating position neat and
ready for action at any time. ( W4CDA, Danville, Ky.)

separate room that he can devote to his amateur station, or the few who can have aspecial
small building separate from the main house.
However, most amateurs must share a room
with other domestic activities, and amateur
stations will be found tucked away in a corner
of the living room, a bedroom, a large closet,
or even under the kitchen stove! A spot in the
cellar or the attic can almost be classed as a
separate room, although it may lack the " finish" of anormal room.
Regardless of the location of the station,
however, it should be designed for maximum
operating convenience and safety. It is foolish
to have the station arranged so that the throwing of several switches is required to go from
"receive" to " transmit," just as it is silly to
have the equipment arranged so that the operator is in an uncomfortable and cramped
position during his operating hours. The reasons for building the station as safe as possible
are obvious, if you are interested in spending a
number of years with your hobby!

oCONVENIENCE

The first consideration in any amateur
station is the operating position, which includes the operator's table and chair and the
pieces of equipment that are in constant use
the receiver, send- receive switch, and key or
microphone). The table should be as large as
possible. to allow sufficient room for the receiver or receivers. f
requeney-measuring equipment. monitoring equipment, control switches,
and keys and microphones. with enough space
left over for the logbook. apad and pencil, and
perhaps alarge ash tray. Suitable space should
be included for radiogram blanks and a call
book, if these accessories are in frequent use.
If the table is small. or the number of pieces of
equipment is large, it is often necessary to build
a shelf or rink for the auxiliary equipment, or
to mount it in some less convenient location in
or under the table. If one has the facilities, a
semicircular " console" can be built of wood, or
a simpler solution is to use two small wooden
cabinets to support a table top of wood or
Masonite. Home-built tables or consoles can
be finished in any of the available oil stains,
varnishes, paints or lacquers. Many operators
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use alarge piece of plate glass over part of their
table, since it furnishes a good writing surface
and can cover miscellaneous charts and tables,
prefix lists, operating aids, calendar, and similar accessories.
If the major interests never require frequent
band changing, or frequency rhanging within
a band, the transmitter can be hwated some
distance from the operator, in alocation where
the meters can be observed from time to time
(and the color of the tube plates noted!). If
frequent band or frequency changes are a part
of the usual operating procedure, the transmitter should be mounted close to the operator, either along one side or above the rereiver, so that the controls are easily accessible

00
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Fig 22-1 — It a station assembled for maxi lllll it ease
in frequency or band changing, the transmitter should
be located next to the operating position, asir iii ri
above. On the operating table, the receiver is in front of
the operator and VFO or .• ry st al-sw itching o-eillator on
the left. (The VFO or crystal os.•illator could Le part of
the transmitter proper, but most operat.er- seem to
prefer a separate NFOJ
The frequency standard arid other auxiliary equipment can be mounted on ashelf above the receiver. The
operating table can be an old desk, or a top supported
by two small wooden cabinets. The "send-receive"
sis tell is to the right of the telegraph keys — other
sis itches are on the transmitter or the hull, idual "
The above arrangement can be made to look cleaner
by arranging all of the equipment on the table behind a
single panel or a set of panels. In this ease, provision
must be made for getting behind the panel for servicing

the units.

Iroe of Ole
eonienituit station arrangements is to
build a semi-circular operating table as shown here. All
operating controls are readily available, and considerably
equipmeut can be grouped around the operator titan when an ordinary desk is used. ( W2SAI,
Riverton, N. J.)

above the operating table, and if this requires
mounting the reeeivex off the table, a small
shelf or bracket will do the trick. With the
single exception of the amateur whose work is
almost entirely in traffie or rag- chew nets,
which require little or no attention to the receiver. it will be found that the operator's
hand is on the receiver tuning dial most of the
time. If the timing knob is too high or too low.
the hand gets cramped after an extended
period of operating, hence the importance of
a properly- located receiver. The majority of
c.w. operators tune with the left hand, preferring to leave the right hand free for copying
messages and handling the key, and so the
receiver should be mounted where the knob
can be .reached by the left hand. ' Phone operators aren't tied down this way, and tune the
communicat ions receiver with the hand that is
mom convenient.
The hand key should he fastened securely
to the table , in a line just outside the right

without the need for leaving the operating
position.
A compromise arrangement would place the
VFO or crystal-switched oscillator at the eperating position and the transmitter in some
convenient location not adjacent to the operator. Since it is usually possible to operate
over a portion of a band without retuning the
transmitter stages, an operating position of this
type is an advantage over one in which the
operator must leave his position to make a
change in frequency.
Controls
The operator has an excellent chance to
exercise his ingenuity in the location of the operating controls. The most important controls
in the station are the receiver tuning dial and
the send-receive switch. The receiver tuning
dial should be located four to eight inches

NN lien one , pecializes in de:al-rut t'. w. operation on all
bawl-. lie is likely to come up s• ith a neat arrangement
The transmitter runs 400 watts, despite its
small size. The small unit between transmitter and
receiver is the VFO. ( W5MY, San Antonio, Texas.)
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shoulder and far enough back from the front
edge of the table so that the elbow can rest on
the table. A good location foi the semiautomatic or " bug" key is right next to the handkey, although some operators prefer to mount
the automatic key in front of them on the left,
so that the right forearm rests on the table
parallel to the front edge.
The best location for the microphone is
directly in front of the operator, so that he
doesn't have to shout across the table into it,
or run up the speech-amplifier gain so high
that all manner of external sounds are picked
up.
In any amateur station worthy of the naine.
it should be necessary to throw no more than
one switch to go from the " receive" to the
"transmit" condition. In ' phone stations, this
switch should be located where it can be easily
reached by the hand that isn't on the receiver.
In the case of c.w. operation, this switch is
most conveniently located to the right or left
of the key, although some operators prefer to
have it mounted on the left-hand side of the
operating position and work it with the left
hand while the right hand is on the key.
Either location is satisfactory, of course, and
the choice depends upon personal preference.
Some operators use a foot-controlled switch,
which is a convenience but doesn't allow too
much freedom of position during long operating periods.
If the microphone is hand-held during
'phone operation, a " push-to-talk" switch on
the microphone is convenient, but hand-held
microphones tie up the use of one hand and

This illustrates how concealing all interconnecting wires
and eliminating gear not necessary to communication
results in an extrcmely neat station. (VE3ALJ, V‘ oodstock, Ont.)
are not too desirable, although they are widely
used in mobile and portable work.
The location of other switches, such as those
used to control power supplies, filaments,
'phone/c.w. change-over and the like, is of no
particular importance, and they can be located
on the unit with which they are associated.
This is not strictly true in the case of the
'phone/c.w. DX man, who sometimes has
need to change in ahurry from c.w. to ' phone.
In this case, the change-over switch should be
at the operating table. although the actual
change-over should be done by arelay controlled
by the switch.
If a rotary beam is used the control of the
beam should be convenient to the operator.
The direction indicator, however, can be located
anywhere within sight of the operator, and does
not have to be located on the operating table
unless it is included with the control.
When several fixed beams are usai, the selection of any one should be possible from the
operating position, to minimize the time required to select the proper ene. This generally
means using a series of antenna relays or a
stepping switch.
Frequency Spotting

Fig. 22-2 — When little space is available for the amateur station, the equipment has to be spotted where it
will fit. In the above arrangement, the transmitter,
modulator and power supplies (separate units) are
sandwiched in alongside the operating table and on a
shelf above the table. The antenna tuning unit is
mounted over the feed- through insulators that bring
the antenna line into the "shack," and loudspeaker and
small power supplies are mounted under the table. The
operating position is clean, however, with the VFO,
receiver and keys at table lc. cl. The tuning knob of this
receiver would be uncomfortably low if the receiver
weren't raised by the ossleui arch, and the "send..
receive" SU ¡ tell is mounted on the right-hand side of this
arch, next to the hand key. Interconnecting leads should
he cabled along the back of the table and table legs, to
keep them inconspicuous.

In astation where aVFO is used, or where a
number of crystals is available, the operator
should be able to turn on only the oscillator of
his transmitter. so that he can spot accurately
his location in the band with respect to other
stations. This allows him to see if he has anything like aclear channel ( if such athing exists
in the amateur bands!), or to see what his frequency is with respect to another station. Such
a provision can be part of the " send-receive"
switch. Switches are available with a center
"off" position, a " hold" position on one side,
for turning on the oscillator only, and a " lock"
position on the other side for turning on the
transmitter and antenna relays. If oscillator
keying is used, the key serves the same pur-
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Fig. 22-3 — Power circuits for a high-power station. A shows the outlets for the receiver, monitoring equipment,

speech amplifier and the like. The outlets should be mounted inconspicuously on the operating table. 8 shows the
transmitter filament circuits and control-relay circuits, if the latter are used. C shows the plate- transformer primary
circuits, controlled by the power relay. A heavy-duty switch can he used instead of the relay, in which case the
antenna relay would be connected in circuit C.
Ill15-yoli pilot lamps are used, they can he connected as shown. Lower- voltage lamps must be connected across
suitable windings on transformers.
ith "push- to- talk" operation, the "send-receive" switch can be a
affair, it li the second pole controlling
the "on-off" circuit of the receiver,

pose, provided a " send- receive" switch is
available to turn off the high- voltage supplies
and prevent asignal going out on the air during
adjustment of the oscillator frequency.
For ' phone operation, the telegraph key or
an auxiliary switch can control the transmitter
oscillator, and the " send- receive" switch can
then be wired into the control system so as to
control the oscillator as well as the other circuits.
Comfort
Of prime importance is the comfort of the
operator. If you find yourself getting tired
after a short period of operating, examine
your station to find what causes the fatigue. It
may be that the chair is too soft or hasn't a
straight back or is the wrong height for you.
The key or receiver may be located so that you
assume an uncomfortable position while using
them. If you get sleepy fast, the ventilation
may be at fault. ( Or you may need sleep!)

• POWER

CONNECTIONS AND

CONTROL

Following a few simple rules in wiring your
power supplies and control circuits will make
it an easy job to change units in the station. If
the station is planned in this way from the
start, or if the rules are recalled when you are
rebuilding, you will find it a simple matter to
revise your station from time to time without a
major rewiring job.
It is neater and safer to run a single pair of
wires from the outlet over to the operating table

or some central point, rather than to use a
number of adapters at the wall outlet.
Interconnections

The wiring of any station will entail two or
three common circuits, as shown in Fig. 22-3. The
circuit for the reeviver, monitoring equipment
and the like, assuming it to be taken from awall
outlet, should be run from the wall to an inconspicuous point on the operating table, where it
terminates in a multiple outlet large enough to
handle the required number of plugs. A single
switch between the wall outlet and the receptacle will then turn on all of this equipment at
one time.
The second common circuit in the station is
that supplying voltage to rectifier- and transmitter-tube filaments, bias supplies, and anything else that is not switched on and off during
transmit and receive periods. The coil power
for control relays should also be obtained front
this circuit. The power for this circuit can come
from awall outlet or from the transmitter line,
if a special one is used.
The third circuit is the one that furnishes
power to the plate-supply transformers for the
r.f. stages and for the modulator. ( See chapter
on Power Supplies for high- power considerations. When it is opened, the transmitter is
disabled except for the filaments, and the transmitter should be safe to work on. However, one
always feels safer when working on the transmitter if he has turned off every power supply
pertaining to the transmitter.
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With these three circuits established, it becomes a simple matter to arrange the station
for different conditions and with new units.
Anything on the operating table that runs all
the time ties into the first circuit. Any new
power supply or r.f. unit gets its filament
power from the second circuit. Since the third
circuit is controlled by the send-receive switch
(or relay), any power-supply primary that is to
be switched on and off for send and receive
connects to circuit No. 3.
Break- In and Push- To- Talk
In c.w. operation, " break-in " is any system
that allows the transmitting operator to hear
the other fellow's signal during the " key- up"
periods between characters and letters. This
allows the sending station to be " broken" by
the receiving station at any time, to shorten
calls, ask for " fills" in messages, and speed
up operation in general. With present techniques, it requires the use of aseparate receiving antenna and, with high power, sonic means
for protecting the receiver from the transmitter when the key is " down." Several methods,
applicable to high- power stations, are described in Chapter Eight. If the transmitter is
low- powered ( 50 watts or so), no special
equipment is required except the separate receiving antenna and areceiver that " recovers"
fast. Where break-in operation is used, there
should be a switch on the operating table to
turn off the plate supplies when adjusting the
oscillator to a new frequency, although during
all break-in work this switch will be closed.
"Push-to-talk" is an exptession derived
from the " push" switch on some microphones,
and it means a ' phone station with a single
control for all change-over functions. Strictly
speaking, it should apply only to a station
where this single send- receive switch must be
held in place during transmission periods, but
any fast-acting switch will give practically the
same effect. A control switch with a center
''off" position, and one " hold" and one " lock"
position, will give more flexibility than a
straight " push" switch. The one switch must
control the antenna change-over relay, the
transmitter power supplies, and the receiver
"on-off" circuit. This latter is necessary to
disable the receiver during transmit periods, to

are in the power circuit being controlled, and
thus the switch handles only the relay-coil
current.

eSAFETY

Of prime importance in the layout of the
station is the personal safety of the operator
and of visitors, invited or otherwise, during
normal operating practice. If there are small
children in the house, every step must be
taken to prevent their accidental contact with
power leads of any voltage. A locked room is a
fine idea, if it is possible, otherwise housing the
transmitter and i)over supplies ill metal cabinets is an excellent, although expensive, solution. Lacking a metal cabinet, a wooden cabinet or a wooden framework covered with wire
screen is the next-best solution. Many stations
have the power supplies housed in metal cabinets in the operating room or in a closet or
basement, and this cabinet or entry is kept
locked — with the key out of reach of everyone
but the operator. The power leads are run
through conduit to the transmitter, using
ignition cable for the high- voltage leads. If the
power supplies and transmitter are in the same
cabinet, alock-type main switch for the incoming line power is a good precaution.
A simple substitute for a lock-type main
switch is an ordinary line plug with a short
connecting wire between the two pins. By
wiring a female receptacle in series with the
main power line in the transmitter, the shorting plug will act as the main safety lock. When
the plug is removed and hidden, it will be impossible to energize the transmitter, and a
stranger or child isn't likely to spot or suspect
the open receptacle.
An essential adjunct to any station is a
shorting stick for discharging any high voltage
to ground before any work or coil changing is
done in the transmitter. Even if interlocks and
power-supply bleeders are used, the failure of

avoid acoustic feed-back.
Switches and Relays
It is dangerous t,, 11›e an overloaded switch
in the power circuit s. After it has been used for
some time, it may fail, leaving the power on the
circuit even after the : witch is thrown to the
"off" position Foi this reason, large switches,
or relays with adequate ratings, should be used
to control the plate power. Relays are rated by
coil voltages ( for their control circuits) and by
their contact current ratings.
When relays are used, the send- receive
switch closes the circuit to their coils, thus
closing the relay contacts. The relay contacts

In this example of acompact high- power station, the
operating table folds up mhen not in use and covers the
r
eceiver and speech amplifier. Special furniture, like this
homemade operating table, goes along way toward solving the space problem for many amateurs. ( W4HAV,
Fort Thomas, Ky.)
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one or mom of these components may leave the
transmitter in a dangerous condition. The
shorting stick is made by mounting a small
metal hook, of wire or rod, on one 'end of adry
stick or bakelite rod. A piece of ignition cable
or other well-insulated wire is then run from
the hook on the stick to the chassis or common
ground of the transmitter, and the stick is hung
alongside the transmitter. Whenever the
power is turned off in the transmitter to work
on the rig, or to change coils, the shorting stick
is first used to touch the several high- voltage
leads ( tank condenser, filter condenser, tube
plate connection, etc.) to insure that there is no
high voltage at any of these points. This simple
device, has saved many a life. Use it!
Fusing
A minor hazard ill the amateur station is the
possibility of fire through the failure of a
component. If the failure is complete and the
component is large, the house fuses will generally blow. However, it is unwise and inconvenient to depend upon the house fuses to
protect the lines running to the radio equipment, and every power supply should have its
own set of fuses, with the fuse ratings selected
at about 150 or 200 per cent of the maximum
rating of the supply. If, for example, a power
transformer is rated at 600 watts, it would
draw about 5 amperes from the a.c. line
(600+115 = 5.2), and a 10-ampere fuse should
be used in the primary circuit of the transformer. Circuit breakers can be used instead of
fuses if desired.
Wiring
Control- circuit wires running between the
operating position and atransmitter in another
part of the room should be hidden, if possible.
This can be done by running the wires under
the floor or behind the base molding, bringing

There was enough room at this station to build the
transmitter into the wall, and to protect it %% id' glass
doors. In an installat like this, it is convenient to
have access to the rear of the transmitter units, for
making connection to them and for testing. If the rear
cannot be reached, all power leads should be cabled up
along the side wall., at the rear. (% GNY, V. hittier,
Calif.)

the wires out to terminal boxes or regular wall
fixtures. Such construction, however, is generally only possible ill elaborate installations,
and the average amateur must content himself with trying to make the wires as inconspicuous as possible. If several pairs of leads
must be run from the operating table to the
transmitter, as is generally the case, a single
piece of rubber- or vinyl-covered multiconductor cable will always look neater than several pieces of rubber- covered lamp cord.
The antenna wires always present aproblem,
unless coaxial-line feed is used. Open- wire line
from the point of entry of the antenna line
should always be arranged neatly, and it is
generally best to support it at several points.
Many operators prefer to mount their antennatuning assemblies right at the point of entry of
the feedline, together with an antenna changeover relay ( if one is used), and then the link
from the tuning assembly to the transmitter
can be made of inconspicuous coaxial line or
Twin- Lead. If the transmitter is mounted near
t
he point of entry of the line, it simplifies the
problem of " What to do with the feeders?"
General

This station goes all the way in concealment by housing
the entire station in aspecial cabinet. When the cabinet
is opened, the operating table is formed and all pieces of
gear are accessible. (W6YNX, Mountain View, Calif.)

You can check your station arrangement by
asking yourself the following questions. If all
of your answers are an honest " Yes," your
station will be one of which you can be proud.
1) Is your station safe, under normal operating conditions, both for the operator and the
visitor?
2) Is the operating position comfortable,
even after several hours of operating?
3) Do you throw not more than one switch
to go from " receive" to " transmit"?
4) Does it take only a short time to explain
to another amateur how to work your station?
5) Do you show your station to visiting amateurs or laymen without apologizing for its
appearance?

CHAPTER 23

BCI and TVI
It is the duty of every amateur to make sure
that the operation of his station does not, because
of any shortcomings in equipment, cause interference with other radio services.
However, there is a larger obligation — to
eliminate interference with regular broadcasting
(BCI) and television ( TVI) to the greatest possible extent even when your own transmitter is
not at fault. The institution of amateur radio
cannot continue to flourish in the face of ill feeling
on the part of a large segment of the general
public — ill feeling that is only too readily generated if the public's favorite programs are broken
up by amateur transmissions. The future of amateur radio depends in large part on the efforts you
exert now to make it possible for your neighbors
to continue to enjoy their radio reception while
you pursue your transmitting activities. It is unfortunately true that much interference is directly
the fault of receiver construction. Nevertheless,
the amateur can and should help to alleviate
interference even though the responsibility for
it does not lie with him.
The regulation of the Federal Communications Commission covering interference to
broadcasting is quoted below:
§12.152. Restricted operation. (a) If the operation of an
amateur station causes general interference to the reception
of transmissions from stations operating in the domestic
broadcast service when receivers of good engineering design
including adequate selectivity characteristics are used to
receive such transmissions and this fact is made known to
the amateur station licensee, the amateur station shall not
be operated during the hours from 8 o'clock P.M. to 10:30
P.M.. local time, and on Sunday for the additional period
from 10:30 A.M. until I P.M., local time, upon the frequency
or frequencies used when the interference is created. ( h) In
general, such steps as may be necessary to minimize interference to stations operating in other services may be required after investigation by the Commission.

FCC recognizes the fact that much interference
occurs because receivers are not capable of rejecting signals far outside the frequency band to
which the receiver is tuned. " Quiet hours" are not
imposed unless it is shown that the interference
is actually the fault of the transmitter.

•GETTING LISTENER COOPERATION
To be successful in handling interference cases
you have got to win the listener's cooperation.
The first step is to earn the listener's confidence
in your technical ability and to convince him of
your sincerity in wanting to clear up interference.
Here are a few pointers on how to go about it.
Clean House First

own AM or TV receiver. It is always convincing
if you can say — and demonstrate — that you
do not interfere with reception in your own home.
Don't Hide Your Identity
Whenever you change location, or mode of
transmission, or increase power, or put up anew
antenna, check with your neighbors to make sure
that they are not experiencing interference. Announce your presence and conduct occasional
tests on the air, requesting anyone whose reception is being spoiled to let you know about it so
that you may t
I, • steps to eliminate the trouble.
Act Promptly
The average person will tolerate a Mmited
amount of interference, but no one can be expected to put up with frequent and extended interruptions to programs. The sooner yen take
steps to eliminate the iiiirderence, the more agreeable the listener will be; the longer he has to wait
for you, the less willing he will be to coOperate.
Present Your Story Tactfully
When you interfere, it is natural for the complainant to assume that your transmitter is at
fault. Explain that you do not operate on the
broadcast frequencies, and the real trouble is that
you and he happen to be located so close to each
other. Point out that the average receiver is made
to sell as cheaply as pos.sible, and that features
that would prevent interference from near-by
stations are left out.
It should be explained to the listener that
if it is simply the presence of your strong signal on his receiving antenna that causes the
difficulty, the situation can be cleared up by a
filter or wavetrap. If the wiring of the receiver
itself is picking up your signal, such ca.ses can be
cured only by suppressing this unwanted pick-up
in the receiver itself; iii other words, some modifications will have to be made in the receiver if he
is to expect interference-free reception.
Arrange for Tests
Most listeners are not very competent observers of the various aspects of interference.
If at all possible, enlist the help of another
amateur and have him operate your transmitter while you see what happens at the affected
receiver. You can then determine for yourself
where the trouble is most likely to be.
Avoid Working on the Receiver
If your tests show that the fault has to be
remedied in the receiver itself, do no! offer to
work on the receiver. It is not your fault that
the receiver design is defective. Recommend
that the work be done by a reliable service-

We've said above that the first obligation of
every amateur is to clean up his transmitter so
it has no radiations outside the bands assigned
for amateur use. The best cheek on this is your
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man, and offer to advise the latter as to the
cause and cure if necessary.
However, if the owner of the receiver obviously
prefers to have you make the modifications, do so
only with the understanding that it is purely
because you are anxious to cooperate.
In General
In this " public relations" phase of the problem agreat deal depends on your own attitude.
Most people will be willing to meet you half
way, particularly when the interference is not
of long standing, if you as a person make a
good impression. Your personal appearance is
important. So is what you say about the receiver. A display of lofty technical superiority
is more likely to generate resentment than cooperation. Above all, don't make remarks on
the air about " bum broadcast receivers" and
"cheap midgets." No one takes kindly to hearing his possessions publicly derided. If you
discuss your interference problems on the air, do
it in a constructive way — one calculated to increase listener cooperation, not destroy it.

•RADIO-CLUB INTERFERENCE
COMMITTEES

Organized amateur radio clubs can do a lot

to pave the way toward cooperation between
individual amateurs and the broadcast listeners. Many clubs maintain interference committees charged with handling both the public relations and the technical aspects of amateur interference. Through such committees, technical assistance is made available to all members of the
club so that those less qualified can have the benefit of the experience of others. The committee
should also maintain contact with the local
radio servicemen, supplying them with information and technical assistance whenever
possible. The committee can maintain valuable
contacts with the local newspapers, broadcast
stations and other authorities to provide the
right kind of publicity for the efforts of individuals or groups who are trying to clear up
interference problems.
League Aids
The Communications Department of ARRL,
as one of its services to affiliated clubs,
has prepared material suggesting various ways
in which local clubs can form interference
committees, and methods by which such
groups can function efficiently for the good of
all concerned. This material is available to
affiliated clubs on request, addressed to AIM.
lieadquarters.

Causes and Cure of BCI
There are no magic cures for all eases of interference to standard AM broadcasting. The
great number of different types of broadcast
rec2ivers makes it necessary to tailor the remedy to the specific set. However, interference
does usually fall into one or more rather welldefined categories. A knowledge of the general
types of interference and the methods required
to eliminate it will lead to a rapid appraisal
of the situation and will avoid much cut-andtry in finding a cure.
Transmitter Defects
Out-of- band radiation is something that
must be cured at the transmitter. Parasitic
oscillations are a frequently unsuspected
source of such radiations, and no transmitter
can be considered satisfactory until it has been
thoroughly checked for both low- and highfrequency parasitics. Very often parasitics
show up only as transients, causing key clicks
in c.w. transmitters and " splashes" or " burps"
on modulation peaks in AM transmitters.
Methods for detecting and eliminating parasitics are discussed in Chapter Six.
In c.w. transmitters the sharp mak2 and
break that occurs with unfiltered keying causes
transients that, in theory, contain frequency
components through the entire radio spectrum.
Practically, these transients do not have very
much amplitude at frequencies very far away
from the transmitting frequency. Nevertheless
they are often strong enough in the immediate
vicinity of the transmitter to cause serious

interference to broadcast reception. Key clicks
can be eliminated by the methods detailed in
Chapter Eight.
A distinction must be made between clicks
generated in the transmitter itself and those
set up by the mere opening and closing of the
key contacts when current is flowing. The
latter are of the same nature as the clicks heard
in a receiver when a wall switch is thrown to
turn alight on or off, and may be more troublesome nearby than the clicks that actually go
out on the signal. A filter for eliminating them
usually has to be installed as close as possible
to the key contacts.
Overmodulation in AM ' phone transmitters
generates transients similar to key clicks. It
can be prevented either by using automatic
systems for limiting the modulation to 100
per cent, or by continuously monitoring the
modulation. Methods for both are described
in Chapter Nine. In this connection, the term
"overmodulation" means any type of nonlinear modulation that results from overloading or inadequate design. This can occur even
though the actual modulation percentage is
less than 100.
BCI is frequently made worse by radiation
from the transmitter, power wiring, or the r.f.
transmission line. This is because the signal
causing the interference, in such cases, is radiated from wiring that is nearer the broadcast
receiver than the antenna itself. In such cases
much depends on the method used to couple
the transmitter to the antenna, asubject that
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is discussed in the chapters on transmission lines
and antennas. If it is at all possible the antenna
itself should be placed so that it is not in close
proximity to house wiring, telephone and power
lines, and similar conductors.
Image and Oscillator- Harmonic Responses
Relatively few superhet broadcast receivers
have any r.f. amplification preceding the mixer,
so that the selectivity at the signal frequency
is not especially high (the i.f. amplifier provides most of the working selectivity). The
result is that strong signals from near-by transmitters, even though the transmitting frequency is far removed from the broadcast
band, can force themselves to the mixer grid.
They will normally be eliminated by the i.f.
selectivity, except in cases where the transmitter frequency is the image of the broadcast
signal to which the receiver is tuned, or when
the transmitter frequency is so related to a
harmonic of the broadcast receiver's local oscillator as to produce a beat at the intermediate
frequency.
These image and oscillator-harmonic responses tune in and out on the broadcast receiver dial just like a broadcast signal, except
that in the case of harmonie response the
tuning rate is more rapid. Since most receivers
use an intermediate frequency in the neighborhood of 450 ke., the interference is atrue image
only when the amateur transmitting frequency
is in the 1750-kc. band. Oscillator-harmonic
responses occur from 3.5- and 7- NI e. transmissions, and sometimes even from higher frequencies.
Regardless of whether the interference is
caused by either an image or by harmonic
response, the problem is to reduce the ampli-tude of the amateur signal in the front end of
the b.e. receiver. If the receiver uses an external antenna a wavetrap at the receiver
antenna terminals may help. It may also be
helpful to reduce the length of the receiving
antenna — and particularly to avoid a length
that might be near resonance at the transmitter frequency — or to change its direction with
respect to the transmitting antenna. If the
signal is being picked up by the antenna it will
disappear when the antenna is disconnected.
If it is still present under these circumstances
the pick-up is in the set wiring or the power
circuits. A line filter may be tried for the latter.
Pick-up on the set wiring can only be cured by
installing some shielding around the r.f. circuits. Copper window screening cut and fitted
to size will usually do the trick.
Since images and harmonic responses occur
at definite frequencies on the receiver dial, it is
always possible to choose an operating frequency that will not give such a response on
top of the broadcast stations that are favored
in the vicinity. While your signal may still be
heard when the receiver is tuned off the local
stations, it will at least not interfere with program reception.

Cross- Talk
With some of the older receivers, particularly of the nonsuperheterodyne type, interference occurs only when the receiver is tuned
to a strong broadcast signal and disappears
between stations. This is cross-modulation,
a result of rectification in one of the early
stages of the receiver. It is not so likely to
occur in sets manufactured during the last twenty
years.
One remedy is to install remote-cut-off tubes
in the r.f. stages and put in an a.v.c. circuit.
However, this is a major operation and frequently is not practicable. The remaining thing
is to reduce the strength of the amateur signal
at the grid of the first tube in the receiver.
Wavetraps, asmaller antenna, and a different
antenna position should be tried. Additional
shielding about the r.f. circuits also will sometimes effect an improvement.
Blanketing
"Blanketing" is a form of interference that
partially or completely masks reception. no
matter where the broadcast receiver is tuned.
Each time the carrier is thrown on, whether by
keying or for modulation, the program disappears or is greatly reduced in amplitude. Amplit ude modulation in such a case is usually
distorted rather severely.
When the transmitter is operated on the
lower frequencies this type of interference
occurs only when the receiver and transmitter
are very close together. It is the result of simple overloading of the receiver by the very
strong field in the vicinity of the transmitting
antenna. It occurs principally on receivers
using external antennas ( as contrasted with a
built-in loop), and can be reduced by the steps
recommended above; i.e., using a short receiving antenna, repositioning the antenna
with respect to the transmitting antenna so the
pick-up is reduced, or using wavetraps and line
filters.
When the transmitter is operated on 28 Mc.
or v.h.f., " blanketing" by overloading r.f. stages
occurs rather rarely, and then only when the
transmitting and receiving installations are located exceptionally close together.
Audio- Circuit Rectification
The most frequent cause of interference from
operation at the higher frequencies is from
rectification of a signal that by one means or
another gets into the audio system of the receiver. In the milder cases an amplitudemodulated signal will be heard with reasonably
good quality, but is not tunable — that is, it
is present no matter what the frequency to
which the receiver dial is set. An unmodulated
carrier may have no observable effect in such
cases beyond causing alittle hum. However, if
the signal is very strong there will be a reduction of the audio output level of the receiver
whenever the carrier is thrown on. This causes
an annoying " jumping" of the program when
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the interfering signal is keyed. With ' phone
transmission the change in audio level is not
so objectionable because it occurs at less frequent intervals. Also, ordinary rectification
gives no audio output from afrequency- modulated signal, so the interference can be made
almost completely unnoticeable if FM or I'M
is used instead of AM.
Interference of this type is most prevalent
in a.c.-d.c. receivers. The pick-up may occur
in the audio-circuit wiring or the interfering
signal may get into the audio circuits by way
of the line cord. Power- line pick-up can be
treated by means of line filters, but pick-up in
the receiver wiring requires individual attention. Remedies that have been found successful
are described in the sections following.

•CHECKING AND CURING BCI
When acase of broadcast interference comes
to your attention, set a definite time to conduct tests and then prepare to do the job as
expeditiously as possible. Provide yourself with
one or two wavetraps : toil line filters, since they
can be tried immediat ely without get t
jog into
the receiver. As suggested before, get another
amateur to operate your transmitter while you
do the actual observing and testing at the
listener's receiver. The procedure outlined below will save time in getting at the source of
the trouble and in sat isf:iet orily eliminating it.
1) Determine whether the interference is
tunable or not. This will usually indicate the
methods required for elimination of the trouble, as it will show which of the general types
of interference discussed above is present. In
severe cases it is possible that two or more
types will be present at the same time, and
steps will be necessary to eliminate each type.
2) If the set has an external antenna, disconnect it and turn the volume control up full.
If the interference is no longer present, it is
merely necessary to prevent the r.f. appearing
on the antenna from entering the set. If W avetraps reduce the amplitude of the interfering
signal but do not eliminate it entirely, try a
short piece of wire as a receiving antenna.
Alternatively, the antenna may be relocated.
It should be.placed as far as possible from the
transmitting antenna, and should run at right
angles to it to minimize coupling.
If the interference persists after the antenna
is disconnected, the search is narrowed to an
investigation of whether the signal is coming
in on the power lines, or is being picked up
directly on the receiver wiring.
3) Check for power-line interference by
using a sensitive wavemeter such as that described in the chapter on measurements to
probe along the a.c. cord that connects the
set to the power source. Checks should be
made at the transmitter frequency, and also at
harmonic frequencies. If r.f. is detected in the
line, by-pass both sides of the a.c. line to
ground with 0.005-pfd. mica condensers at the

CHAPTER 23
point where the line cord enters the set. ( A
simple plug-and-socket adapter can be made
up for this purpose.) If this does not completely
eliminate the interference, try a line filter designed for the operating frequency.
4) If it is evident that the interference is
being picked up on the receiver wiring, explain
the situation to the owner and tell him that
the exact cause cannot be determined without
removing the chassis from the cabinet, and
that, in any event, the receiver will have to
be modified if the interference is to be eliminated.
Recommend that the actual work be done by
aradio serviceman. Offer to check into the cause
yourself, if he will allow you to take the set to
your shop with the understanding that you will
not make ally changes in the receiver without his
express permission) so the serviceman can be told
what needs to be (1one.
5) In the event that the owner allows you to
take the receiver, set it up near your transmitter and check to see if the amplitude of the
interfering signal is changed by various settings
of the receiver volume control. If it is, the r.f.
is entering t
he sel ahead of the volume control.
If it is unaffected by the volume control, it is
getting into the audio stages at apoint following
the volume control.
6) Pin the source down, if it is ahead of the
volume control, by removing one tube at a
time until one is found that kills the interference when it is removed. In sets using seriesconnected filaments, this will be possible only
if a tube of equal heater rating, and with all
but the heater pins clipped off, is substituted
for the tube.
Detector — 1st. audio
125Q7 or equevalent

To
chassis

(A)

Detector — 1st. audio
12SQ7 or equivalent

(B)

Fig. 23.1 — Tuo method.: of eliminating r.f. from the
grid of acombined detertor/lirst-audio stage. At A, the
value of the grid leak is reduced to 2or 3megohms, and
amica by-pass condenser is added. At B, both grid and
cathode are by-passed.
7) Determine which element (or elements)
of the tube is picking up the interference by
touching each tube pin with a test lead about
three feet long. The lead, acting as an antenna,
will cause the interference to increase when it
is placed on a tube pin that is contributing to
the interference. Once the sensitive points
have been determined, the trouble can be eliminated by shielding the leads connected to the
tube element that is affected, and by shielding
the tube itself. Grid leads are the principal
offenders, especially the long leads that run
from atube cap to atuning condenser.
8) If the pick-up is found to be in the audio
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system — as is the case in many sets, especially
when the transmitter is operating at 28 Mc. or
higher — it can be eliminated by one or another of the met hods shown in Figs. 23-1 and
23-2. Fig. 23-1A is a method that has proved
successful with many a.c.-d.c. receivers.
The value of the grid leak in the combined
detector/first-audio tube ( usually a 12SQ7 or
its equivalent ) is reduced to 2 or 3 megohms.
The grid is then by-passed for r.f. with a 250mad. mica condenser. Fig. 23-1B is a similar
method. A third method that has worked in
Detector-1st audio
12507 or equivalent
seco.rt
Insert between grid
and all other
grid connections

Fia. 23-2 -- 1'sing a 75,004-ohm ri -is tor to form
louloa-- filter milli the
tube eap.oitance. The
re sistor inu.t hie mounted
at the tailie pin, between
the grid and all other
grid connections.

a.c.-d.c. receivers requires only that the heater
of the detector first-audio stage be by-passed
to ground with a 0.001-dd. condenser. The
method shown in Fig. 23-2 uses a 75,000- ohm
-watt resistor to form, with the tube capacitance, a low-pass filter. The resistor is connected between the grid pin of the audio stage
and a// other wires connected to the grid. In
all cases, both sides of the a.c. line should be
by-passed to chassis with 0.001- to 0.01-pfd.
condensers.

A.0
Line

To Set

Gnd.
Fig. 23-4 — A.c. line filter for receivers. '
Ihe values of
CI, CS and CS are tun generally critical; capacitances
front 0.001 to 0.01 dd. can be used. Li and 1,2 can lie a
2-inch winding of No. 18 enameled wire on a half-inch
diameter form.

adjust the wavetrap, have another licensed
amateur operate the transmitter while you
tune the trap for maximum attenuation of the
interference.
A common form of a.c. line filter is shown in
Fig. 23-4. This type of filter will usually do
some good if the signal is being picked up on
the house wiring and transferred to the set by
way of the line cord. The values used for the
coils and condensers are in general not critical.

Wave traps and A. C. Line Filters
A wavet rap consists of a parallel- tuned circuit that is connected in series with the broadcast antenna and the antenna post of the receiver. It should be designed to resonate at the
frequency of the interfering signal. The circuit
of asimple trap is shown in Fig. 23-3. If interference results from operation in more than one
amateur band several traps may be connected
in series, each tuned to the center of one of the
bands in which operation is contemplated. To

Fig. 23-5 — Resonant filter for the a.c. line. A single
condenser tunes both Li and LS, which are unitycoupled, one wound on top of the other. Constants for
amateur bands are tabulated below.
Band
3.5
7
21
10

C
ILO -i- 150
(fixed)
110 add.
100 mad.
50 add.
25 µµfil.

Li

• L2

25 t. No. 18. IIei" dia. X 2%" long
18 t. No. 18. lie dia. X 2%" long
12 t. No. 18. 1%" dia. X 2%" long
10 t. No. 18, 1.1
,S" dia. X 2%" long
9 t. No. lit. I ! -2" dia. X 2%" long

D.c.c. mire is re. OOOO mended tor all coils.

Ant.
rd.

Fig. 23-3 — A - imple wavetrap circuit. L and C must
resonate at the frequency of the interfering signal.
Suitable constants are tabulated below.
Band
3.5
7
It
21
28

add.
100 ¡dad.
50 odd.
35 mmfd.
25 odd.

110

16 ph..
6
3.5
2.2
13

32 turns #22, 1" diam.. 1" long
19 #22. I"
1"
1t # 18. I"
1"
12 # 18.1"
1"
O
# 18. 1"
1"

The effectiveness of the filter will depend considerably on the ground connection used, and
it may be necessary to try grounding to several
different possible ground connections to secure
the best results. A filter of this type will usually
not be very helpful if the signal is being picked
up on the line cord itself, which may be the
case when the transmitter is on v.h.f. In such
acase it should be installed inside the receiver
chassis and grounded to the chassis at the
point where the line cord enters.
The tuned filter shown in Fig. 23-5 is often
more effective than the untuned type when
only one frequency needs to be eliminated.
After installation, the condenser is simply adjusted to reduce the interference to the greatest possible extent. It is advisable to mount
either type of filter in a small shield box, to
prevent pick-up in the filter and to make it less
conspicuous.

502

CHAPTER 23
Interference with Television

Interference with the reception of television
signals presents a much more difficult problem
than interference with AM broac Iva sting. In BOL
Cases the interference almost always can be attributed to deficient selectivity w spurious responses in the BC receiver. While similar deficiencies exist in many television receivers, it is
also true that amateur transmitters generate
AMATEUR
Mt

Service

HARMONICS

28 MC

21 MC.

14 Me.
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TV
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Frequency Effects
The degree to which transmitter harmonics
must lw suppressed or attenuated depends principally on two factors, the strength of the '1'V
signal on the channel or channels affected by
harmonic radio t
ion, and the relationship between
the frequenvy of the harmonic and the frequencies of the TV picture and sound carriers
within the channel. If the TV
AMATEUR HARMONICS
signal is very strong, harmonic
Service
28 MC.
21 MC.
interference ('all be eliminab,d by
comparatively simple methods.
6
TV
However, if the TV signal is very
7
—
weak, as in ' fringe" areas where
—.
the received picture is visibly deTV
graded by the appearance of set
8
noise or " snow" on the screen,
—
it may be necessary to go to exTV
treme measures.
—

TV.

TV
10
—

_

TV
II

-

TV
12

204

se
F.g. 23-6 --- Iela ionsl ip of amateur band harmonics to TV cha lllll ' Is. Harm
interference is ilost likely to be
serious in the low-chat net g p ( 54 to
88 Mc.).

210 _

—

_

TV
13

218

harmonies that fall inside many or all television
channels. These spurious radiations cause interferenee that ordinarily cannot lw eliminated by
anything that may lw done at the receiver, so
must be prevented at the transmitter itself.
The relationship between television channels
and harmonics of amateur bands from 14 through
28 Mc. is shown in Fig. 23-6. Harmonics of the
7- and 3.5- Mc, bands are not shown because they
fall in every television channel. Also, the harmonies above 54 Mc. from these bands are of
such high order that they are usually rather low
in amplitude. They are not, however, too weak to
interfere if the television receiver is quite close
to the amateur transmitter. Low-order harmonics
— up to about the sixth — are usually the most
difficult to eliminate.

1.25 Mc.

PICTURE
CARRIER

In either case the intensity of
the interference depends very
—
greatly on the exact frequency of
-the harmonic. Fig. 23-7 shows
the placement of the picture and
sound carriers in the standard
TV channel. In Channel 2, for
7
example, the picture carrier frequency is 54
1.25 =-- 55.25 Me.
and the sound carrier frequency
—
is 60 — 0.25 = 59.75 Mc. The
second harmonic of 28,010 kc.
(56,020 kc. or 56.02 Mc.) falls
56.02 — 54 = 2.02 Me. above
the low edge of the channel and
is in the region marked " Severe"
in Fig. 23-7. On the other hand, the second harmonie of 29,500 kc. ( 59,000 kt.. or 59 Mc.) is 59
54 = 5 Me. from the low edge of the channel and
falls in t
he region marked " Mild." A harmonic on
this frequency has to be about 100 times as strong
as the harmonic at 56,020 ke. to cause interference
of equal intensity. In other words, an operating
frequency that puts a harmonic near the picture
carrier requires about 40 db. more harmonic suppression in order to avoid interference, as eon>
pared with an operating frequency that puts the
9

harmonic near the upper edge of the channel.
For a region of 100 kc. or so either side of the
sound carrier there is another " Severe" region
where a harmonic will interfere with reception
of the sound program, and this region also should
be avoided. In general, a harmonic of intensity
SOUND
CARRI ER
/7 Mc.
MODERATE
ye.«

1

2

3

4

MILD
5

6

MEGACYCLES FROM LOW EDGE OF TV CHANNEL
Fig.23 7 — tmra lion of picture and sound earriers in atel.., i•ton channel, and relative intensity
of interference as the location of the interfering signal sr ithin the channel is varied without
changing its strength. 'I'he three regions are not actua14 sharply defined as shown in this
drawing, but merge into one another gradually.
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equal to that of the picture carrier will not cause
noticeable interference if its frequency is in the
"Mild" region shown in Fig. 23-7, but the same
harmonic intensity in the " Severe" region will
utterly destroy the picture.
Interference Patterns
The visible effects of interivrence vary with the
type and in lei
y of interferenee. Complete
"blackout," where the picture and sound disappear completely, leaving the screen dark,
occurs only when the transmit•ter and receiver
are quite close together. Strong interference ordinarily ( a115(5 t
la. picture to be broken up, leaving ajumble of light and dark lines, or turns the
picture " negative" — the normally white parts
of the picture turn black and the normally I
duck
parts turn white. " Cross-hatching" — diagonal
bars or lines in the picture — accompanies the
latter, usually, and also represents the most common type of less-severe interference. The bars
are the result of the beat between the harmonic
frequency anti the picture carrier frequency.
They are broad and relatively few in number if
the I
wat frequency is comparatively low — harmonic near the picture carrier — and are numerous and very fine if the beat frequency is
very high — toward the upper end of the channel. Typical cross-hatching is shown in Fig. 23-8.

Fig. 23.9— "Sound bars" or " modulation bars" accompanying amplitude modulation of an interfering signal.
In this case the interfering carrier
rimg enough to
destroy the picture, but in mild ea- e- the picture is
visible through the horizontal bars. Sound bars may
accompany modulation even though the immodulateil
carrier gives no visible cross-hatching.

Except in the more severe cases, there is seldom
any effect on the sound reception when interference shows in the picture, unless the harmonic
is quite close to the sound carrier. In the latter
event the sound may be interfered with even
though the picture is clean.
Reference to Fig. 23-6 will show whether or not
harmonics of the frequency ill use will fal; in any
television channels that can be rer(ived in the
locality. It should be kept in mind that not only
harmonies of the final frequency may interfere,
but also harmonics of any frequencies that may
be present in buffer or frequency-multiplier
stages.
Harmonic Suppression

Fig. 23-8— "Crosshatching," caused by the beat between the picture carrier and an interfering harmonic
inside the TV channel.

If the harmonic falls in the " Mild" region in
Fig. 23-7 the cross-hatching may he too fine to
be visible, in which case the apparent brightness
of the screen may change when the transmitter
carrier is thrown on and off.
Whether or not cross-hatching is visible, an
amplitude-modulated transmitter may cause
"sound bars" in the picture. These look about as
shown in Fig. 23-9. They result from detection
of the interfering signal in the video detector of
the receiver, causing audio-frequency beats that
become visible as horizontal bars varying in
spacing and intensity with the modulation. Under
most circumstances modulation bars will not
occur if the amateur transmitter is frequency- or
phase-modulated. With these types of modulation there is no interference when the carrier
alone does not cause cross-hatching, but if the
cross-hatching is present it will " wiggle" from
side to side with the modulation.

Effective harmonic suppression has three separate phases:
1) Reducing the amplitude of harmonics
generated in tla transmitter. This is a matter
of circuit design and operating conditions.
2) Preventing stray radiation from the
transmitter and from associated wiring. This
requires adequate shielding and filtering of all
circuits and leads from which radiation can
take place.
3) Preventing harmonics from being fed
into the antenna.
It is impossible to build atransmitter that will
not generate some harmonics, but it is obviously
advantageous to reduce their strength, by circuit
design, by as large a factor as possible I.efore attempting to prevent them from being radiated.
Second, harmonic radiation from the transmitter
itself or from its associated wiring obviously will
cause interference just as readily as radiation
from the antenna, so measures taken to prevent
harmonics from reaching the antenna will not
reduce TVI if the transmitter itself is radiating
harmonics. But once it has been found that the
transmitter itself is free from harmonic radiation,
devices for preventing harmonics from reaching
the antenna can be expected to produce results.
There is no magic " gimmick" that will eliminate TVI caused by harmonics. The problem has
to be worked on one step at atime.
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e REDUCING

HARMONIC

GENERATION

Reasonably-efficient operation of r.f. power
amplifiers always is accompanied by harmonic
generation, and in the case of frequency multipliers the harmonic output is deliberately accentuated by over-driving. From the standpoint of
TVI reduction, good judgment calls for operating
all frequency-multiplier stages at a very low
power level — receiving tubes and plate voltages
not exceeding 250 or 300. When the final output
frequency is reached, it is highly desirable to use
as few stages as possible in reaching the output
power level, and to use tubes that require aminimum of driving power. The smaller the number
of stages operating at appreciable power levels,
the smaller the number of points where damaging
harmonics can be generated.
Circuit Design and Layout
Harmonic currents of çonsiderable amplitude
flow in both the grid and plate circuits of r.f.
power amplifiers. They will do relatively little
lutrin if they can be effectively by-passed to the
cathode of the tube, but this is frequently difficult
to do. Fig. 23-10A shows the paths followed by
harmonic currents in an amplifier circuit; because
of the high reactance of the tank coil there is little
harmonic current in it, so the harmonic currents
simply flow through the tank condenser, the plate
or grid) blocking condenser, and the tube capacitances. The lengths of the leads forming these
paths is of great importance, since the inductance
in this circuit will resonate with the tube capacitance at some frequency in the v.h.f. range (the
tank and blocking capacitan(es usually are so
large compared with the tube capacitance that
they have little effect on the resonant frequency).
If such a resonance happens to occur at or near
the same frequency as one of the transmitter
harmonics, the effect is just the same as though a
harmonic tank circuit had been deliberately

<A»

(B)

Fig. 2.3-10 — (A) A v.h.f. resonant circuit is formed by
the tube capacitance and the leads through the tank
and blocking condensers. Regular tank coils are not
shown, since they have little effect on such resonances.
(B) I ing low-inductance condensers shunting the tube
elements to lower the resonance
t below the 'l'Y
channels. Ca and C6 usually are 15 to 50 gad. and either
of vacuum or tubular construction.

introduced; the harmonic at that frequency will
be tremendously increased in amplitude.
Such resonances are unavoidable, but by keeping the path from plate to cathode and from grid
to cell( slc as short as is physically possible, the
resonant frequency usually can be raised above
100 Mc. in amplifiers of medium power. This puts
it between the two groups of television channels.
Except ill very low power miniature-tube transmitters, it is usually not feasible to raise the
resonance above 216 Mc.
Where physically-short return paths from plate
or grid to eathode are difficult because of the
shape aru Isize of tubes and tank condensers, the
arrangement shown in Fig. 23-10B is frequently
helpful. Condensers C5 and C6 should be of the
vacuum or tubular type and should be mounted
as dose :IS issible to the tube connections. They
form resona nt circuits in themselves with the
tube capiteitance, but generally at a sufficiently
high frequency so that no harm is done. At lower
frequencies than this self- resonance, they effectively add to the tube capacitance and thus tune
the inductance of the leads through the regular
tank anti blocking condensers to a considerably
lower frequency than the tube alone. The resonance therefore can be shifted to a frequeney
below 54 Mc. and again is outside the TV range.
This method is most useful at 3.5 and 7 Mc. It
increases the tank capacitance to the point where
there may be very little tank coil left, when the
transmitter is used on 28 Mc., unless the leads
are eliminated by using the shunting condenser
as the tank condenser and adjusting the tank coil
induct:inee to resonate, no regular tank condenser
being Ni')!.
It is easier to place grid-circuit v.h.f. resonances
where they will do no harm if the amplifier is
link-coupled to the driver stage, since this generally permits shorter leads arid more favorable
conditions for hy-passing the harmonics than is
the rase wit It i.apapit ive coupling. Link coupling
also reduces t
he coupling between the driver and
amplifier at harmonic frequencies, thus preventing driver harmonics from being amplified.
The inductance of leads from the tube to the
tank condenser can be reduced not only by shortening but by using flat strip instead of wire conductors. It is also better to use the chassis as the
return from the blocking condenser to cathode,
since achassis path will have less inductance than
almost any other form of connection.
The v.h.f. resonance points in amplifier tank
circuits can be found by coupling agrid-dip meter
covering the 50-250 Mc. range to the grid and
plate leads. If a resonance is found in or near a
TV channel, methods such as those described
above should be used to move it well out of the
TV range. The grid-dip meter also should be used
to cheek for v.h.f. resonances in the tank coils,
because coils made for 14 Mc. and below usually
will show such resonances. If aresonance falls in a
TV channel that is in use in the locality, changing
the number of turns will move it to a frequency
where it will not be troublesome.
In most r.f. amplifiers the cathode connection
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of the tube is below chassis while the plate (and
sometimes the grid) connection frequently is
above. In such a ease the blocking condenser
should be mounted below chassis. If the ground
return is made to the top, the r.f. current has to
flow over the top and either through agood-sized
hole or else entirely over the chassis surface before
it reaches the cathode. This condition is highly
undesirable not only because of v.h.f. resonances
but because such chassis currents frequently
cause instability in the amplifier. If the by-pass
condenser is mounted above, it should be connected to the cathode by means of an insulated
lead running through the chassis by the shortest
possible path.

Tank
Circuit

SINGLE- ENDED

Tank
Circuit

Operating Conditions
High values of grid bias and grid current increase the harmonic content of the r.f, currents
in both the grid and plate circuits. All tubes in
the transmitter, and particularly those operating
at appreciable power levels, should be driven no
harder than is necessary to give reasonably efficient operation and satisfactory linearity, if modulated. Generally, it is unnecessary to go very far
beyond cut-off bias, and the grid current should
be kept to the minimum that gives satisfactory
operation.
For equal operating conditions, there is little
or no difference between single-em led and pushpull amplifiers in respect to harmonic generation.
Push-pull amplifiers are frequently trouble- makers on even harmonics because with such amplifiers the even-harmonic voltages are in phase at
the ends of the tank circuit and hence appear
with equal amplitude across the whole tank coil,
if the center of the coil is not grounded. Under
such circumstances the even harmonics can be
coupled to the output circuit through stray capacitance between the tank and coupling coils. This
does not occur in a single-ended amplifier if the
coupling coil is placed at the cold end of the tank.
Harmonic Traps
If a harmonic in only one TV channel is particularly bothersome --- frequently the ease when
the transmitter operates on 28 Mc. — its amplitude can lw reduceil by a very considerable factor
if a trap tuned to the harmonic frequency is installed in the plate lead as shown in Fig; 23-11.
At the harmonic frequency the trap represents
a very high impedance and hence reduces the
amplitude of the harmonic current flowing
through the tank circuit. In the push-pull circuit
both traps have the same constants. The L C
ratio is not critical but a high-C circuit usually
will have least effect on the performance of the
plate circuit at the normal operating frequency.
Since there is aconsidenble harmonic voltage
built up across the trap. there may be radiation
from the trap unless the transmitter is well
shielded. The traps should be placed so that
there is no coupling between them and the amplifier tank circuit.
A trap is a highly-selective device and so is
useful only over a small range of frequencies. A

É—.

PUSH-PULL
Fig. 23-11 — Harmonic traps in an amplifier plate circuit
L and C should resonate at the frequency of the harmonic to be suppressed. C may be a 25- to 50-add.
midget, arid L usually consists of 3 to 6 turns about
¡'2 inch in diameter. ' Éhe inductance should be adjusted
so that the trap resonates at about half capacity of C
before being installed in the transmitter. It may be
checked with a grid-dip meter. When in place, it is
adjusted for mini llllll n interference to the TV picture.

second- or thirdharmonie trap on a28- Mc, tank
circuit usually will not be effective over more
than 50 kc. or so at the fundamental frequency,
depending on how serious the interference is without the trap. Because they are critical of adjustment, it is better to prevent TVI by other means,
if possible, and use traps only as a last resort.

•

PREVENTING RADIATION FROM
THE

TRANSMITTER

The extent to which harmonic interference will
be caused by transmitter radiation depends on
the operating frequency, the transmitter power
level, the strength of the television signal, and the
distance lwtween the transmitter and TV receiver, as well as on the strength of the harmonics
generated in the transmitter. Transmitter radiation can be avery serious problem if the TV signal is marginal or below, if the TV receiver and
amateur transmitter are close together, and if the
transmitter is operated with high power on 28 Mc.
Transmitter radiation can be prevented by
shielding the r.f. circuits and wiring. A metal enclosure is not necessarily ashield. A shield will not
be good, electrically, unless all its joints make
good connect ions along their entire length. A slit
or crack al joint will lit out asurprising amount
of r.f. energy. Ventilating louvers and large holes
such as those used for mounting meters will do the
same. On I
he ot her hand, small holes do not impair the shiebling very much, hence ventilating
holes may be used if they are small — not over
3I inch in diameter — and wire screening of the
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1ig. 23-12 — Proper method cot bypassing the end " fa
shielded lead, for either a.c. or d.c. leads at voltages of
600 or less. The disc ceramic condenser, 0.001 afd., has
its leads wrapped around the inner and outer conductors
and soldered, so that the lead length is negligible. The
rtio-inch size condenser should be used. This photograph
is about four tintes actual size.

type useil for fly screens also is satisfactory. It is
unfortunate that conventional metal cabinets,
wit h tlwir doors, painted surfaces where joined,
and ventilating louvers are pratically useless as
shields. They can be made effective by covering
louvers with screening, and by scraping and
bonding all joints to secure a good electrical
connection.
Lead Treatment
Even very good shielding can be made completely useless when connections are run from
external power supplies and other miuipment to
the circuits inside the shield. Every conductor so
introduced into the shiehling forms; apath for the
escape of r.f., which is then radiated by the connecting Nvires. Hence a step that is essential in
every case, and more important than the shielding itself in most, is to prevent harmonic currents
from flowing on the leads leaving the shielded
enclosure.
Harmonic currents always flow on the d.c. or
a.c. leads connecting to the tube circuits. A very
effective nu ans of preventing such currents from
being couitletl into other wiring, and one that
provides desirable Ity-passing as well, is to use
shielded wire for all such leads, maintaining the
shielding from the point where the lead connects
to the tulw or r.f. circuit right through to the
point where it is about to leave the chassis. The
shield braid should be grounded to the chassis at
both ends and at frequent intervals along the
path.

Hg. 23-13 — By-passing the end of a high- voltage lead.
The end of the shield braid is soldered to a lug fastened
to the chassis directly underneath. The other terminal
of the condenser is similarly bolted directly to the
chassis. When the bv.pass is used at a terminal connection block the "lot .'lead should he soldered directly to
the terminal, if possible, but in any event connected to
it by a very short lead.

Good by-passing of shielded leads also is essential. Bearing in mind that the shield braid about
the conductor confines the harmonie currents to
the inside of the shielded wire, the object of bypassing is to prevent their escape. Figs. 23-12 and
23-13 show the proper way to by-pass. The smalltype 0.001-afd. eeramic dise condenser, when
mountdd on the end of the shielded wire as shown
in Fig. 23-12, actually forms a series-resonant
circuit in the 54-88- Mc, range and thus represents practically ashort-circuit for TV harmonies.
These condensers may be used on all leads operating at 600 volts or less. The exposed wire to
the connection terminal should be kept as short
as is physically possible, to pruvent any possible
harmonic pick-up exterior to the shielded wiring.
For higher voltages the shielded lead should be
by-passed as shown in Fig. 23-13, mounting the
condenser flat against the chassis and grounding
the end of the shield braid directly to chassis,
keeping the exposed part as short as possible.
Either 0.001-afd. or 470-µpfd. ( 500 pi.tfd.) condensers should be used. The larger eapacitanee is
series-resonant in Channel 2 and the smaller in
Channel 6, so the capacitance should be chosen
according to which channel needs the most
protection.
These by-passes are essential at. the connectionblock terminals, and desirable at the tube ends
of the leads also. Installed as shown with shielded
wiring, they have been found to be so ettet•tive
that there is usually no need for further harmonic
filtering. However,. if atest shows that additional

Shielded Lead
Radar
trPass
for circuit

RFC

\
C
lery slwrt
lead

..iii7

7érminzi
i

Fig. 2341— ‘. Iditional r.f. filtering of supply leads ma he required in regions where
the TV - ignal i- , rt. weak. ' I'he r.f. choke
should be 1,1 - ieall small, and may consist
of a1-inch winding of No. 26 enameled wire
on a %-inch form, clo-e-wound. Manufactured single-laver choke- having an inductan
ce of a few
n
iillihe n- also may be used.
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Fig. 23-1.5 - The best method of using the llypass type feed-through condenser. Capacitances of 0.01 to
0.1 dd. are satisfactory. Condensers of this type are
useful for high-current circuits, such as filament and
115-volt leads, as a substitute for the r.f. choke shown
in Fig. 23-14, in cases where additional lead filtering is
needed.

filtering is required, the arrangement shown in
Fig. 23-14 may be used. Such an r.f. filter should
be installed at the tube end of the shielded lead,
and if more than one circuit is filtered care should
be taken to keep the r.f. chokes separated from
each other and so orient ei las to minimize coupling
between them. This is necessary for preventing
harmonics present in one circuit from being
coupled into another.
As an alternative to the series-resonant bypassing described above, feed-through type condensers such as the Sprague " Hypass" type may
be used as terminals for external connections.
The effectiveness of these condensers may be
largely nullified if the wiring to them is not completely shielded, especially on the side going to
the connection terminal. The ideal method of
installation is to mount them so they protrude
through the chassis, with thorough bonding to
the chassis all around i
he hole in which the condenser is mounted. The principle is illustrated in
Fig. 23-15.
Meters that. are mounted in an r.f. unit should

Meta/ Petite/
Slue!daround
meter

ocoi Disc
ceram‘c

Bond to panel or meter
shield itere
Fig. 23-16 — Meter shielding and by-passing. It is
essential to shield the meter mounting hole since the
meter will carry r.f. through it to he radiated. Suitable
shields can lie made from 2,,or 3-inch diameter shield
cans of the type made for enclosing coils.

be enclosed in shielding covers, the connections
being made with shielded wire with each lead
by-paesed as described above. The shield braid
should be grounded to the panel or chassis immediately outside the meter shield, as indicated
in Fig. 23-16. A by-pass may also he connected
across the meter terminals, principally to prevent
any fundamental current that may be present
from flowing through the meter itself. As an alternative to individual nu-ter shielding the meters
mav be mounted ent irely behind the panel, and
the.panel hides ne r -di
for observation may be
covered with wire screen that is carefully bonded
to the panel all around the hide.
Care should be used in the selection of shielded
wire for transmitter use. Not only should the insulation he conservatively rated for the d.c. voltage in use, but the insulation should be of material that will not easily deteriorate in soldering.

Fig. 23-17 — A metal cabinet can be an adequate shieldi
but there will still he radiation if the leads inside can
pick up r.f. from the transmitting circuits.

For high voltages, automoliile ignition cable covered with shielding braid is recommen(h ,tWhere
the wiring crosses or runs parallel, the shields
should be spot-soldered together and connected
to the chassis.
Proper shielding of the transmitter requires
that the r.f. circuits be shielded entirely from the
external connecting leads. A situation such as is
shown in Fig. 23-17, where the leads in the r.f.
chassis have been shielded and properly filtered
I
nit t
he chassis is mount el Iin alarge shield, simply
itivitis the harmonic currents to travel over the
chassis and on out over the leads outside the
chassis. The shielding about the r.f. circuits
should make complete contact with tw chassis
on which the parts are mounted.
Checking Transmitter Radiation
A check for t
ra nsmit ter radiation ti I
a. i
vs should
be made before at tempting to use low-pass filters
or other devices for preventing harmonics from
reaching the antenna system. The only really
satisfactory indicating instrument is a television
receiver. In regions where the Tv signal is strong
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acrystal-detector wavemeter is useful in anegaare on the outside of the shiel Iand can be contive sense. That is, if it is possible to get any
ducted to the antenna when ti norme.1 antenna
indication at all on TV harmonies either on sup.- connections an. used. Current,. of this nature
ply leads or around the transmitter it
the
npresent illterfuwricv t
hat eat; be conducted over
harmonics are probably strong enough to cause
low-pass filters, etc., and which therefore cannot
interference, but the absence of any such indicabe elitninated by such filters.
tion does not mean that harmonic interference
will not be caused. A regenerative wavemeter
PREVENTING HARMONICS FROM
will extend this range because of its greater sensiREACHING THE ANTENNA
tivity, but is still not sensitive enough for dependable indications in weak-signal regions. If the
The third and last step in reducing harmonic
techniques of shielding and lead filtering deTV Iis to keep the harmonics generated in the
scrilxid in the pewee, li rig section are followed, the
final stage from traveling over the transmission
harmonic intensity ( at any external leads should
line to the antenna. It is seldom worthwhile even
lw far below what eit her of tlwse instruments can
to attempt this until the rtitlitt t
ion from the transmeasure, so they are useful chiefly to determine
mitter and its connecting letols has been reduced
whether some really had error has been made.
to the jaiint where, with t
he transmitter delivering full power into adummy antenna, it has been
Output Stage
determined by actual testing with a television
Antenna Tuner
••-•
receiver that the radiat it in is below the level that
van cause interferenve. If the dummy antenna
Coaxial
Lamp
Line
test shows enough radiation to be seen in a TV
Pict tilt, it is ainuctical certainty that harmonics
will be ctitipled to the antenna system no matter
what preventive measures are taken.
In inductively-coupled output systems, some
Fig. 23-18 — Dummy-antenna circuit for checking harharmonic energy will be transferred from the final
monic radiation from the transmitter and leads. The
aml Allier through the mutual inductance between
matching circuit helps prevent harmonics in the output
of the transmitter from flowing back over the transthe tank coil and the output coupling coil. Harmitter itself, which may occur if the lamp load is simply
monics transferred in this way are not too hard
connected to the output coil of the final amplifier. See
to handle, and can be greatly reduced by protransmission-line chapter for details of the matching
circuit. Tuning must he adjusted by eut and-try, as the
viding sufficient selectivity between the final tank
bridge method described in the transmission-line chapter
and the transmission line. A good deal of selectivwill not work with lamp loads because of the change in
ity, amounting to 20 to 30 db, reduction of the
resistance when the lamps are hot.
second harmonic and much higher reduction of
higher-order harmonics, is furnished by amatchRadiation checks should be made with the
ing circuit of the type shown in Fig. 23-18 and
transmitter delivering full power into adummy
described in the chapter on transmission lines.
antenna, such as an incandescent lamp of suitable
An " antenna coupler" is therefore a worthwhile
power rating, preferably instetlled inside the
addition to the transmitter.
shielded enclosure. If the dummy must be extxtruitt I, it is desirable to ttt gown it through acoaxmatching circuit such as is shown in Fig. 23-18.
Shielding the dummy antenna circuit is also desirable, although it is not always necessary. Make
the radiation test on all frequencies that are to
be used in transmitting, and note whether or wit
Link_
interference patterns show in the received picLtne
{t=
ture. (These tests must be mettle while aTV signal
is being received, since the beat patterns will not
be formed if the TV picture carrier is not present.)
ACTUAL
=, Chassis
Gnet
If interference exists, its source can be detected
by grasping the various external leads (by the in.-Actual Gnei
insulation, not the live wire!) or bringing the
hand near meter faces, louvers, and other possible points where harmonic energy might escape
from the transmitter. If any of these tests cause a
Lzetk
change — not necessarily an increase — in the
intensity of the interference, the presence of harmonics at that point is helicated. The location
of such " hot" spots usually will point the way
Unknown
EQUIVALENT
to the remedy.
Zenith
As a final test, connect the antenna or transActuld Gm'
mission line terminals to the outside of the
23-19 — The stray capacitive coupling between
transmitter shielding. Interference created when
coils in the upper circuit leads to the equivalent circuit
this test is applied indicates that weak currents
shown below, for vii. f. harmonics.

•
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Capacitive Coupling
outer conductor serves as an open-circuited shield
around the turn, the shield being grounded to
Harmonics transferred from the tank by stray
the chassis. Tile shielding has no effect on the
capacitance are not suppressed by an antenna
lurtive coupling. Because this construction is
coupler to the same extent as those transferred
suitable only for one turn, the coil is not well
by pure inductive coupling. The upper drawing
adapted for use on the lower frequencies where
in Fig. 23-12 shows the link-coupled system as
it might be used to couple into aparallel-conducmany turns are required for good coupling.
Shielded coupling coils having a larger number
tor line. Inasmuch as a coil is a sizable metallic
object, it will have capacitance to
any other metallic objects in its
vicinity, including other coils. ConCO-ax
sequently there is capacitance be—3 Wine
tween the final tank coil and its
associated link coil, and between the
antenna tank coil and its link. Energy coupled through these ca eitances travels over the link circuit
and the transmission line as though
these were n ,rely single comluetors.
The tuned circuits simply act as
/nner conductor
soldered to cable shiehl
masses of metal : 111.1 offer no selecFig. 23-21 — Shielded coupling coil constructed from coaxial cable.
tivity at all for capacity-coupled
energy. Although the actual capaci- The smaller sizes of cable such as KG-59/U are most convenient when
the coil diameter is 3 inches or less, because of greater flexibility. l'or
tances are small, they offer a very larger coils IIG-8/U or RG-ll/U can be used.
good coupling medium for frequencies in the vhf, range.
of turns are available commercially. A shielded
Capacitive coupling can be reduced by coupling
coil is particularly useful with push-pull amplifiers when the suppression of even harmonics is
to a " cold" point on the tank coil — the end conimportant.
nected to ground or cathode in a single-ended
stage. In push-pull circuits having a split-stator
A shielded coupling coil or coaxial output will
condenser with the rotor grounded for r.f., all
not prevent stray capacitive coupling to the anparts of the tank coil are " hot" at even hartenna if harmonic currents can flow over the
monics, but the center of the coil is " cold" at the
outside of the coax line. In Fig. 23-22, the arrangefundamental and odd harmonics. If the center
ment at either A or C will allow r.f. to flow over
of the tank coil, rather than the rotor of the tank
the outside of the cable to the antenna system.
condenser, is grounded through a by-pass conThe proper way to use coaxial cable is shield the
denser the center of the coil is " cold" at all fretransmitter completely, as shown at B, and make
quencies, but this arrangement is not very desure that the outer conductor of the cable is a
sirable because it causes the harmonic currents to
continuation of the transmitter shielding. This
prevent sr.f. inside the transmitter from getting
flow through the coil rather than the tank conout by any path except the inside of the cable.
denser and this increases the harmonic transfer
Harmonics flowing through a coax line can be
by pure inductive coupling.
stopped from reaching the antenna system by an
With either single-ended or balanced tank circuits the coupling coil should be grounded to the
antenna coupler or by a low-pass filter installed
chassis by ashort, direct connection as shown in
in the line.
Fig. 23-2èt. If the coil feeds abalanced line or link,
Low- Pass Filters
it is preferable to ground its center, but if it feeds
a coax line or link one side may be grounded.
Coaxial output is much preferable to balanced
output, because the harmonics have to stay
inside a properly installed coax system and tend
to be short circuited by the capacitance of the
cable before reaching the antenna coupler.
At high frequencies — 28 and possibly 14 Mc.
— capacitive coupling can be greatly reduced by
using a shielded coupling coil as shown in Fig.
23-21. The inner conductor of alength of coaxial
cable is used to form aone-turn coupling coil. The
Fig. 23-20 — Methods of coupling
and grounding link circuits to reduce
capacitive coupling between the tank
and link coils. \\ itere the link is
wound over oit,' end of the tank coil
the side toward the hot end of the
tank should be grounded, as shown
at B.

(A)

A low-pass filter properly installed in acoaxial
line, feeding either a matching circuit ( antenna'
coupler) or feeding the antenna directly, will provide very great attenuation of harmonics. The
coax-coupled matching-circuit arrangement is
highly recommended when the main transmission
line is of the parallel-conductor type.
A properly-designed low-pass filter will not
introduce appreciable power loss at the fundamental frequency if the coaxial line in which it is
inserted is termina fed so that the s.w.r. is low.

510
A)

(B)

(c)
Fig. 23-22 — Right ( 8) and wrong ( A ar d C) SS rys to
connect acoaxial line to the transmitter. In either tor
C, harmonic energy coupled IrS tray capacitance to the
outside of the cable will flow ss itho-ut hindrance to the
antenna system. I
n 13 the energy cannot leave the shield
and hence can flow out only through, not over, the cable.
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them. A shield folded from a piece of aluminum
is placed about the center condenser to reduce
capacitive coupling between the three units. The
other baffle shield similarly is used to reduce the
coupling between L1 and L2.
The filter can be adjusted by short-circuiting
point A to the common ground plate ( use the
shortest possible eonmection) and setting CI so
that a grid-dip meter coupled to L3 shows the
circuit to be resonant at 57 Mc. for a Channel 2
filter, or at 63 Mc. for aChannel 3 filter. Adjust
C2 similarly with the grid-dip meter coupled to
144 and point (' shorted to ground. Then short
point B to ground at t
he hole in the shield, Fig.
23-25, couple the grid-dip meter to Lb, and adjust
C3 to 71 Mc. for a Channel 4 filter or to 85 Mc.
for aChannel 6filter. These adjustments usually
will provide good average at tenuation in the two
channels. Should actual interference be caused
a more exact adjustment, made while watching
the television picture, should result in aconsiderable increase in attenuation.
The cut-off frequencies in both filters are well
above 30 Mc., and so the filter should have no
effect on the performata.e of the antenna coupling
system at frequencies below 30 Mc. If inserting
the filter in the line causes t
he loading on the final
stage to change, it is an indication that the coax
line is operating at an s.w.r. greater than 1to I.
Optimum results will be secured when the line is
first matched as closely as possible so that it
operates at alow s.w.r.
The harmonic attenuation providml by filters
of the type shown will, with careful adjust meut,
be adequate for areas in which the televisi,m signal is of good strength, for operation on all bands
from 30 Mc. down. In weak-signal regions. more
attenuation may be needed when the transmit ter
is operating on 28 Me.
Constructional data on more elaborate filters
may be found in QST: Pichitino, " A HighAttenuation Filter for harmonic Suppression",
January, 1950; Fosberg, " A Low-Pass Filter for
I
ligh Power", October, 1951.

The s.w.r. can easily be measured by means of a
simple bridge as described in the chapters on
measurements and transmission lines. Such a
filter has the property of passing without loss all
frequencies below its " cut-off" frequency, but
simultaneously has large attenuation for all frequencies above the cut-off frequency. Space
does not permit acomplete description here, but
detailed information, including simplified design
methods, can be found in a series of articles in
QST (
Grammer, " Eliminating TVI With LowPass Filters", QST, in three parts, February,
March, and April, 1950).
A relatively simple low-pass filter is shown in
Figs. 23-23 to 23-25, inclusive. This filter has two
rejection frequencies and will give a minimum of
50 db. attenuation over any two selected channels
in the 54-88 Mc. range. The attenuation in other
channels varies from 20 to 40 ( lb., depending on
the frequency. In general, localities with a number of television stations fall into two groups.
In one, the assignment pattern is Channels 2, 4
and 5in the low band, and in the other Channels
3 and 6. The filter designs given in Fig. 23-24
are based on maximum attemuitiiin in Channels
2and 1in the one ease, and Channels 3and 6in
the ( it her. In either ease the attenuation is ample
for harmonics falling in the 174-216 Mc. range
from transmitters operating below 30 Mc.
As shown in Fig. 23-25, the components are
laid out in essentially the saine form as in the
circuit diagram. The condenser rotors are
grounded to the aluminum plate on the side
Fig. 23-23 — Television- frequency harmonic filter, for use
with coax cable. All parts are mounted sin a 5 X -inch
nearest the coax terminals, to keep the return
piece of aluminum, mounted with sheet-metal screws
paths as short as possible. The coils are mounted
in a 5 by 7 by 2 aluminum chassis which serves as a
at right angles to reduce the coupling between shield.
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Filter Installation
In order to give the harmonic attenuation of
which it is capable, a low-pass filter must be installed in such a way that all the output of the
transmitter flows through it. If harmonie currents
are permitted to flow on the outside of the connecting coaxial cables, they will simply flow over
the filter and on up to the antenna, and the filter
does in it have an opportunity to stop them. Tip( t
is why it is so important to i.educe the radi;it it ti
from tlit• transmitter and its leads to negligible
proportions.
Fig. 23-26 shows the proper way to install a
J1

L2

L
3

cl

Hg. 23-24 — Circuit diagram of the harmonic filter. It
'Provides two high-attenuation points which may be
placed in tele, i4 ni channels employed in the locality in
which the filter is to be used.
Ji, J2 — Panel.tvpc coaxial connectors.
C1, C2 — 35- or 50- apfd. variable: see data below.
(Millen 22035 or 22050).
C3 — 100-aufd. variable ( Millen 22100).
Coil and Capacitance Data
For 50-ohm cable, maximum rejection in Channels
2 and 4:
CI, C2 — 42 ggfd.
C3 — 106 mad. ( Condenser specified above has sufficient capacitance.)
LI, L2 — S turns No. 12, 4-inch inside diameter,
length
inch.
L3, 1.4 — 4 turns No. 12, M.inch inside diameter,
length 950 inch.
L5 — 1 turn No. 12, 3-inch inside diameter, length
inch
For 50-ohm cable, maximum rejection in Channels 3
and 6:
C1, C2 — 38 ggfd.
C3 — 99 ga ff'.
LI, L2 — 5 turns No. 12, /¡-inch inside diameter,
length 7)i inch.
L3, L4 — 4 turns No. 12, 3/2inch inside diameter,
length
inch.
L5 — I turn No. 12, 3
/8inch inside diameter, length
inch.
For 75-ohm cable, maximum rejection in Channels 2
and 4:
CI, C2 — 28 55M.
C3 — 71 ggfd.
Li, L2 — 7 turns No. 12, 3/2inch inside diameter,
length
inch.
Ls, 1.4 -- 6 turns No. 12, A
1 -inch inside diameter,
length
6inch.
L5 — 3 turns No. 12, 3%-inch inside diameter, length
91s inch.
For 75-ohm cable, maximum rejection in Channels 3
and 6:
CI, C2 — 25 ggfd.
Ca — 66 aafd.
Li, L2 — 7 turns No. 12, 34-inch inside diameter,
length cl I
,inch.
Ls, L4— 6 turns No. 12, 3/2inch inside diameter,
length
inch.
Ls — 2 turns No. 12, %.-inch inside diameter, length
inch.
Coil lengths in all cases measured between centers of
wire at ends.

Fig. 23-25 — Construction of the harmonic filter. Dimensions should be followed fairly closely for optimum
results. 'I'he center- to-center distance between the coax
connectors is 41., inches. Mounting centers of the variable condensers are on a line 2Yt inches below and
parallel to aline through the centers of the coax fittings.

filter between ashielded transmitter and amatching circuit. Note that the coax, together with the
shields about the transmitter and filter, forms a
continuous shield to keep all the r.f. inside. It is
thus forced to flow through the filter and the
harmonics are attenuated. If there is no harmonic
energy left after passing through the filter, shielding from that point on is not necessary; consequently, the matching circuit or antenna coupler
does not need to be shielded. However, the
antenna-coupler chassis arrangement shown in
Fig. 23-26 is desirable because it will tend to
prevent fundamental- frequency energy from flowing from the matching circuit back over the
transmitter; this helps eliminate feed-back troubles in audio systems.
If the antenna is driven through coaxial line
the matching circuit shown in Fig. 23-26 may
be omitted. In that case the line goes directly
from the filter to the antenna.
When a filter does not seem to give the harmonic attenuation of which it should be capable,
the probable reason is that harmonics are bypassing it because of improper installation and
inadequate transmitter shielding, including lead
filtering. However, there are occasionally cases
where the circuits formed by the connecting
cables and the apparatus to which they connect
become resonant at a harmonic frequency. This
greatly increases the harmonic output at that
frequency and the overall attenuation suffers.
Such troubles can be completely overcome by
substituting aslightly different cable length. The
most critical length is that connecting the transmitter to the filter. Checking with a grid-dip
meter at the final amplifier output coil usually
will show whether an unfavorable resonance of
this type exists.

•SUMMARY
The methods of harmonic elimination outlined
in this chapter have been proved beyond doubt
to be effective even under highly unfavorable
conditions. It must be emphasized once more,
however, that the problem must be solved one
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7) In fringe areas the possibility
of harmonic interference caused by
rectification of the fundamental signal flowing through poor contacts in
Coax
FILTER
any conductors in the vicinity should
AnIennal
Coupler
not be overlooked. Any conductor
Fig. 23-26 — The proper method of installing a low-pass filter between
in the strong field of the transmitthe transmitter and antenna coupler or matching circuit. If the antenna
ting antenna will have some current
is fed through coax the matching circuit may be omitted but the same
flowing on it, and if " contact recticonstruction should be used between the transmitter and filter. The
fication" takes place harmonics are
filter should be thoroughly shielded.
generated. These cannot be blamed
step at a time, and the procedure must be in
on the transmitter, but neither are they the fault
logical order. It cannot be done properly without
of the receiver. They are principally bothersome
afew items of simple equipment. These are:
when operation is near the low- frequency end of
1) A grid-dip meter and wavemeter covering
the 28- Mc, band and are seldom strong enough to
the TV bands.
cause serious interference within the good service
2) A dummy antenna.
area of a TV transmitter. If the transmitter is
The procedure may be summarized as follows:
clean on adummy antenna, by the tests described
1) Take a critical look at the transmitter on
previously, and neither low-pass filters on the
the basis of the design considerations outlined
transmitter nor high-pass filters on the receiver
under " Reducing Harmonic Generation".
have : my effect, and particularly if the interfer2) Check all circuits, particularly those conence is intermittent, contact rectification is a
nected with the final amplifier, with the grid-dip
likely cause. It can be cured only by finding the
meter to determine whether there are any resospot where it is taking place and bonding the connances in the TV bands. If so, rearrange ihe cirductors together so the poor contact is eliminated.
cuits so the resonances are moved out of the
TV RECEIVER DEFICIENCIES
critical frequency region.
When atelevision receiver is quite close to the
3) Connect the transmitter to the dummy antransmitter, the intense r.f. signal from the transtenna and check with the wavemeter for the
mitter's fundamental may overload one or more
presence of harmonics on leads and around the
of the receiver circuits to produce spurious retransmitter enclosure. Seal off the weak spots in
sponses that cause interference. " Fundamental"
the shielding and filter the leads until the waveinterference usually can be identified by the fact
meter shows no indication at any harmonic
that the interference is of about the same infrequency.
4) At this stage, check for interference with a tensity on all TV channels, including those that
TV receiver. If there is interference, determine
have no harmonic relationship to the transmitting
frequency. It is a simple matter to determine,
the cause by the methods described previously
from the chart of Fig. 23-6 or by calculation,
and apply the recommended remedies until the
whether or not a transmitter harmonic will fall
interference disappears.
in aparticular TV channel.
5) When the transmitter is completely clean
on the dummy antenna, connect it to the regular
Assuming that 111i , measures described earlier
antenna and check for interference on the TV
to reduce harmonic radiation have been taken,
the presence of interference on channels that are
receiver. If the interference is not bad, an antenna
coupler or matching circuit installed as previously
not harmonically related to the transmitting
described should clear it up. Alternatively, alowpass filter may be used. If neither the antenna
coupler or filter make any difference in the interference, the evidence is strong that the interAnt terminals
ference, at least in part, is being caused by
on TV mar
receiver overloading because of the strong fundamental-frequency field about the TV antenna
lOpyfd
and receiver. (See later section for identification
(A)
Each coil 8 turns No 14.
To wat r
diameter
length r.
pipe god.
of fundamental-frequency interference.) A coutapped at center.
pler and/or filter, installed as described above,
will invariably make adifference in the intensity
100ypfd
513efd
108gpfd
of the interference if the interference is caused by
I j I
1-3-11---,
transmitter harmonics alone.
Ant terminals
6) If there is still interference after installing
on TV rcvr.
the coupler and/or filter, and the evidence shows
15- ohm
coax to
1
o
that it is probably caused by a harmonic, more
ant
Gnd
Each cod 3 turns No 14.
(B)
attenuation is needed. A more elaborate filter
diameter f, 8 turns per inch
may be necessary. However, it is well at this stage
Fig. 23-27 — High-pass filters for installation at the TV
to a'sstune that, part of the interference may be
reeei‘er antenna ter •als. A — balanced filter for 3011caused by receiver overloading, and take steps to
ohm line, B — for 75-olun coaxial line. Important: Do
alleviate such a condition before trying highlynot use a direct ground on an a.c.-d.c. chassis. Ground
through a0.001-ad. mica condenser.
elaborate filters, traps, etc., on the transmitter.

•
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frequency, along with interference in those that
are, is agood indication that at least part of the
TVI is caused by some action taking place in the
receiver. The most likely possibility is that the
first stage, or first few stages, are simply being
overloaded. In the case of 28-Mc. operation, it is
also possible that the amateur signal is getting
into the picture i.f. amplifier because of insufficient i.f. rejection in the receiver.
In either case, the interference can be eliminated if the fundamental signal strength can be
reduced to a level that the receiver can handle.
The most satisfactory device for this purpose is a
high-pass filter having a cut-off frequency between 30 and 50 Mc., installed at the antenna
terminals of the receiver. Circuits that have
proved effective are shown in Figs. 23-27 and
23-28. Fig. 23-28 has one more section than the
filters of Fig. 23-27 and as a consequence has
somewhat better cut-off characteristics. All the
circuits given are designed to have little or no
effect on the TV signals but will attenuate all
300- ohm'
line to o
ant

Ant terminals
on TV rcvr.

o
C= 20 » M.
11= 40 turns No 30 en». dostmound, dia.
L2=22 turns No 30 rim closansound,f dia.

Fig. 23-28 — Another type of high-pass filter for 300.
ohm line. The coils may he wound on I-inch diameter
plastic knitting needles. Important: Do not use a direct
ground on an a.c.-d.c. chassis. Ground through a0.001afd. mica condenser.

signals lower in frequency than about 40 Mc.
These filters preferably should be constructed in
some sort of shielding container, although shielding is not always necessary. The dashed lines in
Fig. 23-28 show how individual filter coils can be
shielded from each other. The condensers can be
tubular ceramic units centered in holes in the
partitions that separate the coils.
High-pass filters designed for this purpose are
available commercially at moderate prices. In
this connection, it should be understood by all
parties concerned that while an amateur is responsible for harmonic radiation from his transmitter, it is no part of his responsibility to pay
for or install filters, wavetraps, etc., that may be
required at the receiver to prevent interference
caused by his fundamental frequency. It is agood
idea for the amateur to have a high-pass filter
that can be tried on a receiver when interference exists. If trial shows it to be effective, the
reason why it works should be carefully explained
to the set owner, who should then be advised to
get in touch with the organization from which
he purchased the receiver or which services it,
to make arrangements for proper installation.
Proper installation usually requires that the filter
be installed right at the input terminals of the r.f.
tuner of the TV set and not merely at the antenna

terminals, which may be at a considerable distance from the tuner. The question of cost is one
to be settled between the set owner and the
organization with which he deals. Some of the
larger manufacturers of TV receivers have instituted arrangements for cooperating with the set
dealer in installing high-pass filters at no cost to
the receiver owner.
Wavetraps may be used instead of high-pass
filters. If the receiver has a balanced (300-ohm)
transmission line a trap should be used in each
line wire. They may be constructed from the data
in Fig. 23-3. When properly tuned, wavetraps will
greatly attenuate the fundamental signal but
suffer the disadvantage, as compared with ahighpass filter, that they must be retuned if the transmitter frequency is moved. They are of course of
no value in rejecting a frequency to which they
cannot be tuned, and therefore usually are good
only for one amateur band.
If the fundamental signal is getting into the
receiver by way of the line cord aline filter such
as that shown in Fig. 23-4 will help. To be most
effective it should he installed inside the receiver
chassis at the point where the cord enters, making
the ground connections directly to chassis at this
point. It may not be sO helpful if placed between
the line plug and the wall socket unless the r.f. is
actually picked up on the house wiring rather
than on the line cord itself.
Antenna Installation
Many television receivers will respond strongly
to parallel currents on the receiving transmission
line. Usually, the transmission line picks up a
great deal more energy from a near-by transmitter than the television receiving antenna itself, causing parallel currents that should be, but
are not, rejected by the receiver's input circuit. A
strong signal that overloads the first or second
stages in the receiver will cause the receiver itself
to generate harmonics that fall in the television
channels. This situation can be improved by using
shielded transmission line — coax or, in the balanced form, " twinax" — on the receiving installation. For best results the line should terminate in acoax fitting on the receiver chassis, but
if this is not possible the shield should be grounded
to the chassis right at the antenna terminals.
The use of shielded transmission line for the
receiver also will be helpful in reducing response
to harmonics actually being radiated from the
transmitter or transmitting antenna. In most
receiving installations the transmission line is
very much longer than the antenna itself, and is
consequently far more exposed to the harmonic
fields from the transmitter. Much of the harmonic pick-up, therefore, is on the receiving
transmission line when the transmitter and receiver are quite close together. Shielded line,
plus relocation of either the transmitting or
receiving antenna to take advantage of directive
effects, often will result in reducing overloading,
as well as harmonic pick-up, to alevel that does
not interfere with reception,

CHAPTER 24

Construction
Practices
•

TOOLS

AND

MATERIALS

While an easier, and perhaps a better, job
can be done with a greater variety of tools
available, by taking a little thought and
care it is possible to turn out a fine piece of
equipment with only a few of the common
hand tools. A list of tools which will be indispensable in the construction of radio
equipment will be found on this page. With
these tools it should be possible to perform
any of the required operations in preparing

panels and metal chassis for assembly and
wiring. It is an excellent idea for the amateur
who does constructional work to add to his
supply of tools from time to time as finances
permit.
Several of the pieces of light woodworking
machinery, often sold in hardware stores and
mail-order retail stores, are ideal for amateur
radio work, especially the drill press, grinding
head, band and circular saws, and joiner. Although not essential, they are desirable should
you be in a position to acquire them.
Twist Drills

INDISPENSABLE TOOLS
Long-nose pliers, 6-inch.
Diagonal cutting pliers, 6-inch.
Screwdriver, 6- to 7-inch, h-inch blade.
Screwdriver, 4- to 5-inch, s-inch blade.
Scratch awl or scriber for marking lines.
Combination square, 12-inch, for laying out work.
Hand drill, 3d-inch chuck or larger, 2-speed type
preferable.
Electric soldering iron, 100 watts.
Hack saw, 12-inch blades.
Center punch for marking hole centers.
Hammer, ball-peen, 1-1b. head.
Heavy knife.
Yardstick or other straightedge.
Carpenter's brace with adjustable hole cutter or
socket-hole punches (see text).
Large, coarse, flat file.
Large round or rat-tail file, s-inch diameter.
Three or four small and medium files—fiat, round,
half-round, triangular.
Drills, particularly h-inch and Nos. 18, 28, 33, 42
and 50.
Combination oil stone for sharpening tools.
Solder and soldering paste ( noncorroding).
Medium-weight machine oil.
ADDITIONAL TOOLS
Bench vise, 4-inch jaws
Tin shears, 10-inch, for cutting thin sheet metal.
Taper reamer, %-inch, for enlarging small holes.
Taper reamer, 1-inch, for enlarging holes.
Countersink for brace.
Carpenter's plane, 8- to 12-inch, for woodworking.
Carpenter's saw, crosscut.
Motor-driven emery wheel for grinding.
Long-shank screwdriver with screw-holding clip
for tight places.
Set of " Spintite" socket wrenches for hex nuts.
Set of small, flat, open-end wrenches for hex nuts.
Wood chisel, .4-inch.
Cold chisel, 3-inch.
Wing dividers, 8-inch, for scribing circles.
Set of machine-screw taps and dies.
Folding rule, 6-foot.
Dusting brush.
Socket punches, esp. 1%" and lh".

Twist drills are made of either high-speed
steel or carbon steel. The latter type is more
common and will usually be supplied unless
specific request is made for high-speed drills.
The carbon drill will suffice for most ordinary
equipment construction work and costs less
than the high-speed type.
While twist drills are available in a number
of sizes those listed in bold-faced type in Table
18-I will be most commonly used in construction of amateur equipment. It is usually desirable to purchase several of each of the
commonly-used sizes rather than a quantity
of odd sizes, most of which will be used infrequently, if at all.
Care of Tools
The proper care of tools is not alone a matter of pride to agood workman. He also realizes the energy which may be saved and the
annoyance which may be avoided by the possession of a full kit of well- kept sharp-edged
tools.
Drills should be sharpened at frequent intervals so that grinding is kept at a minimum
each time. This makes it easier to maintain the
rather critical surface angles required for best
cutting with least wear. Occasional oilstoning
of the cutting edges of adrill or reamer will extend the time between grindings.
The soldering iron can be kept in good
condition by keeping the tip well tinned with
solder and not allowing it to run at full voltage
for long periods when it is not being used.
After each period of use, the tip should be removed and cleaned of any scale which may
have accumulated. An oxidized tip may be
514
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cleaned by dipping it in sal ammoniac while
hot and then wiping it clean with arag. If the
tip becomes pitted, it should be filed until
smooth and bright, and then tinned by dipping
it in solder.
Useful Materials
Small stocks of various miscellaneous materials will be required in constructing radio
apparatus, most of which are available from
hardware or radio-supply stores. A representative list follows:
X h 6inch brass strip for brackets, etc.
(half-hard for bending).
3j-inch-square brass rod or
X 32 X 3íinch angle brass for corner joints.
3d-inch diameter round brass rod for shaft
extensions.
Machine screws: Round-head and flat-head,
with nuts to fit. Most useful sizes: 4-36,
6-32 and 8-32, in lengths from Yi inch to
I inches. ( Nickel-plated iron will be
found satisfactory except in strong r.f.
fields, where brass should be used.)
Bakelite and hard-rubber scraps.
Soldering lugs, panel bearings, rubber
grommets, terminal-lug wiring strips, varnished-cambric insulating tubing.
Copper braid for shielding wires.
32

Machine screws, nuts, washers, soldering
lugs, etc., are most reasonably purchased in
quantities of agross.

•

CHASSIS

WORKING

With a few essential tools and proper procedure, it will be found that building radio
gear on a metal chassis is no more of a chore
than building with wood, and amore satisfactory job results. Aluminum is to be preferred to
steel, not only because it is a superior shielding
material, but because it is much easier to work
and to provide good chasis contacts.
The placing of components on the chassis
is shown quite clearly in the photographs in
this Handbook. Aside from certain essential
dimensions, which usually are given in the text,
exact duplication is not necessary.
Much trouble and energy can be saved by
spending sufficient time in planning the job.
When all details are worked out beforehand

Fig. 24-1 - Method of measuring the heights of condenser shafts, etc. If the square is adjustable, the end
of the scale should be set flush with the face of the head.

TABLE 24-1
Numbered Drill Sizes
Diameter
Number (mile)

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
16
19
20
21
22
23
24
25
26
27
28
20
30
31
32
88
34
88
36
37
38
39
40
41
42
43
44
45
46
47
48
49
60
51
52
53
54

Will Clear
Screw

Drilled for
Tapping Iron,
Steel or Braes*

228.0
--221.0
12-24 -213.0 -14-24
209.0
12-20 -205.0
--204.0
--201.0
--199.0
--198.0
--193.5
10-32 -191.0
10-24 -189.0
--185.0
--182.0
--180.0
--177.0 -12-24
173.0
--100.8
8-82 -166.0 -12-20
161.0
--159.0 -10-32
157.0
--154.0
--152.0
--149.5 -10-24
147.0
--144.0
--140.0
4-82 -184.0 -8-82
128.5
--120.0
--116.0
--112.0
4-30, 4-40 -111.0
--110.0 -0-22
106.5
--104.0
--101.5
--099.5
3-48 -098.0
--096.0
--008.6 -4-80, 4-40
089.0
2-56 -088.0
--082.0 -3-48
081.0
--078.5
--078.0
--073.0 -2-58
070.0
--087.0
--063.5
--059.5
--055.0 -__

*Use one size larger for tapping bakelite and hard
rubber.

the actual construction is greatly simplified.
Cover the top of the chassis with a piece of
wrapping paper or, preferably, cross-section
paper, folding the edges down over the sides
of the chassis and fastening with adhesive tape.
Then assemble the parts to be mounted on top
of the chassis and move them about until a
satisfactory arrangement has been found, keeping in mind any parts which are to be mounted
underneath, so that interferences in mounting
may be avoided. Place condensers and other
parts with shafts extending through the panel
first, and arrange them so that the controls will
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form the desired pattern on the panel. Be sure
to line up the shafts squarely with the chassis
front. Locate any partition shields and panel
brackets next, and then the tube sockets and
any other parts, marking the mounting- hole
centers of each accurately on the paper. Watch
out for condensers whose shafts are off center
and do not line up with the mounting holes.
Do not forget to mark the centers of socket
holes and holes for leads under i.f. transformers,
etc., as well as holes for wiring leads. The small
holes for socket-mounting screws are best located
and punched, using the socket itself as atemplate,
after the main center hole has been cut.
By means of the square, lines indicating accurately the centers of shafts should be extended to the front of the chassis and marked
on the panel at the chassis line, the panel
being fastened on temporarily. The hole centers
may then be punched in the chassis with the
center punch. After drilling, the parts which require mounting underneath may be located and
the mounting holes drilled, making sure by trial
that no interferences exist with parts mounted
on top. Mounting holes along the front edge

CHAPTER 24
Drilling and Cutting Holes

When drilling holes in metal with a hand
drill it is important that the centers first be
located with a center punch, so that the drill
point will not " walk" away from the center
when starting the hole. When the drill starts to
break through, special care must be used.
Often it is an advantage to shift a two-speed
drill to low gear at this point. Holes more
than 3 inch in diameter may be started with a
smaller drill and reamed out with the larger drill.
The chuck on the usual type of hand drill is
limited to 3d-inch drills. Although it is rather
tedious, the 31-inch hole may be filed out to
larger diameters with round files. Another
method possible with limited tools is to drill a
series of small holes with the hand drill along
the inside of the diameter of the large hole,
placing the holes as close together as possible.
The center may then be knocked out with a
cold chisel and the edges smoothed up with a
file. Taper reamers which fit into the carpenter's brace will make the job easier. A large rattail file clamped in the brace makes avery good
reamer for holes up to the diameter of the file,
if the file is revolved counterclockwise.
For socket holes and other large round holes,
an adjustable cutter designed for the purpose
may be used in the brace. Occasional application of machine oil in the cutting groove will
help. The cutter first should be tried out on a
block of wood, to make sure that it is set for
the correct diameter. The most convenient device
for cutting socket holes is the socket-hole punch.
The best type is that which works by turning a
take-up screw with awrench.
Rectangular Holes

A
Fig. 24-2 — To cut rectangular holes in a chassis
corner, boles may be filed out as shown in the shaded
portion of B, making it possible to start the hack-saw
blade along the cutting line. A shows how a single.
ended handle may be constructed for ahack-saw blade.

of the chassis should be transferred to the
panel, by once again fastening the panel to the
chassis and marking it from the rear.
Next, mount on the chassis the condensers
and any other parts with shafts extending to
the panel, and measure accurately the height
of the center of each shaft above the chassis,
as illustrated in Fig. 24-1. The horizontal displacement of shafts having already been
marked on the chassis line on the panel, the
vertical displacement can be measured from
this line. The shaft centers may now be marked
on the back of the panel, and the holes drilled.
Holes for any other panel equipment coming
above the chassis line may then be marked and
drilled, and the remainder of the apparatus
mounted. Holes for terminals etc., in the rear
edge of the chassis should be marked and drilled
at the saine time that they are done for the top.

Square or rectangular holes may be cut out
by making a row of small holes as previously
described, but is more easily done by drilling
a -inch hole inside each corner, as illustrated in Fig. 24-2, and using these holes for
starting and turning the hack saw. The sockethole punch and the square punches which are
now available also may be of considerable assistance in cutting out large rectangular openings. The burrs or rough edges which usually
result after drilling or cutting holes may be removed with a file, or sometimes more conveniently with a sharp knife or chisel. It is a
good idea to keep an old wood chisel sharpened
and available for this purpose. A burr reamer
will also be useful.

•CONSTRUCTION NOTES

If a control shaft must be extended or insulated, aflexible shaft coupling with adequate
insulation should be used. Satisfactory support
for the shaft extension can be provided by
means of a metal panel bearing made for the
purpose. Never use panel bearings of the nonmetal type unless the condenser shaft is
grounded. The metal bearing should be connected lo the chassis with awire or grounding strip.
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This prevents any possible danger of shock.
The use of fiber washers between ceramic
insulation and metal brackets, screws or nuts
will prevent the ceramic parts from breaking.
Cutting and Bending Sheet Metal
lf asheet of metal is too large to be cut conveniently with a hack saw, it may be marked
with scratches as deep as possible along the
line of the cut on both sides of the sheet and
then clamped in a vise and worked back and
forth until the sheet breaks at the line. Do
not carry the bending too far until the break
begins to weaken; otherwise the edge of the
sheet may become bent. A pair of iron bars
or pieces of heavy angle stock, as long or longer
than the width of the sheet, to hold it in the
vise will make the job easier. " C"-clamps may
be used to keep the bars from spreading at the
ends. The rough edges may be smoothed up
with a file or by placing alarge piece of emery
cloth or sandpaper on a flat surface and running the edge of the metal back and forth over
the sheet.
Bends may be made similarly. The sheet
should be scratched on both sides, but not so
deeply as to cause it to break.
Finishing Aluminum
Aluminum chassis, panels and parts may be
given asheen finish by treating them in acaustic
bath. An enamelled container , such as adishpan
or infant's bathtub, should be used for the solution. Dissolve ordinary household lye in cold
water in a proportion of 5 to
can of lye per
gallon of water. The stronger solution will do the
job more rapidly. Stir the solution with astick of
wood until the lye crystals are complete dissolved.
Be very careful to avoid any skin contact with
the solution. It is also harmful to clothing. Sufficient solution should be prepared to cover the
piece completely. When the aluminum is immersed, a very pronounced bubbling takes place
and ventilation should be provided to disperse
the escaping gas. A half hour to two hours in the
solution should be sufficient, depending upon the
strength of the solution and the desired surface.
Remove the aluminum from the solution with
sticks and thereafter handle with cotton gloves
until after the piece has been rinsed thoroughly
DECIMAL
I 32
I 16
:3 32
18
5 32
:i 16
7.32
I4
9,32
5 16
11 32
38
13, 32
716
15.32
12

gQUIVALENTS
.03125
0625
09375
. 125
. 15625
. 1875
.21875
.25
. 28125
. 3125
. 34375
. 373
. 40625
. 4375
. 46875
.5

OF FRACTIONS

17/32
. 53123
9/16
. 5625
19/32
.59375
5/8
.625
21/32
.65625
11/16.....6875
23/32
.71875
3/4
.75
25/32
.78123
13/16 . . .. .8123
27 32
.8-1375
78
. 875
29 :32
.90625
IS, 16.....9373
31 32
.96875
1
1.0

in cold water while swabbing with a rag to remove the black deposit. If any black stains result, reimmerse the piece for another minute or
two and rinse again. (See May, 1950 QST for a
method of coloring and anodizing aluminum.)
Soldering
The secret of good soldering is in allowing
time for the joint, as well as the solder, to attain
sufficient temperature. Enough heat should be
applied so that the solder will melt when it
comes in contact with the wires being joined,
without touching the solder to the iron.
Soldering paste, if of the noncorroding type,
is extremely helpful when used correctly. In
general, it should not be used for radio work
except when necessary. The joint should first
be warmed slightly and the soldering paste applied with apiece of wire. Only the bit of past&
which melts from the warmth of the joint
should be used. If the soldering iron is clean it
will be possible with one hand to pick up adrop
of solder on the tip of the iron which can be
applied to the joint, while the other hand is used
to hold the connecting wires together. The use
of excessive soldering paste causes the paste to
spread over the surface of adjacent insulation,
causing leakage or breakdown of the insulation. Except where absolutely necessary, solder
should never be depended upon for the mechanical strength of the joint; the wire should
be wrapped around the terminals or clamped
with soldering terminals.
When soldering carbon resistors in place, especially if the leads have been cut short and the
resistor is of the small F-watt size, the resistor
lead should be gripped with a pair of pliers up
close to the resistor so that the heat will be conducted away from the resistor. Overheating of the
resistor while soldering can cause a permanent
resistance change of as much as 20 per cent. Also,
mechanical stress will have a similar effect, so
that a small resistor should be mounted 80 that
there is no appreciable mechanical strain on the
leads.
Wiring
If the plate voltage exceeds 500, special care
should be used in selecting wire that has adequate
voltage rating for transmitter plate-power circuits. To be conservative, the insulation should
be good for twice the plate voltage and this
figure should be doubled again if the lead carries
modulation as well as d.c.
The wire for filament circuits should be of sufficient size to assure rated voltage at the filament
terminals ( see wire table ill the miscellaneousdata chapter).
Power wiring in transmitters should be shielded
as ameans of reducing 11'1. If shielded wire with
sufficient voltage rating is not available, unshielded wire can be covered with copper braid.
In making connections with shielded wire, the
braid should be stripped back about an inch at
each end to provide adequate insulation between
the conductor and the braid. After fraying the
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Z=[:2CCD
Adapter

(A)

Zduc

(c)
Fig. 24-3 — Cable-stripping dimensions for Jones Type
P-101 plugs. Smaller dimensions are for 3'-inch plugs,
the larger dimensions for ,l,4-inch plugs. As indicated in
C, the remaining copper braid is wound with bare or
tinned wire to make asnug fit in the sleeve of the plug.
braid back and snipping it off, it should be bound
with a few turns of small bare wire, leaving a
lead of a few inches for ground to the chassis
at the nearest point. Solder should be flowed into
the winding, being careful not to apply too much
heat that might damage the insulation. The braid
of shielded power wires running parallel should
be bonded together by spots of solder at frequent
intervals. Wires that cross should be similarly
bonded. In cases where power-supply leads in
the chassis have several branches, it is convenient
to use fiber terminal or lug strips as anchorages
or junction points. Strips of this type are also
useful as insulated anchorages for resistors, r.f.
chokes and condensers. High-voltage wiring
should have exposed points held to a minimum
and those which cannot be avoided should be
rendered as inaccessible as possible to accidental
contact or short-circuit.
For r.f. wiring, soft-drawn bare solid tinned
antenna wire, No. 14 or No. 12, is most suitable.
Kinks can be removed by stretching a length of
10 or 15 feet and then cutting into short pieces

tizaz

Solder Hole
Fig. 24-5 — Method of assembling 4
1-inch cable, Amphenol Type 83-1SP plug and adapter.
that can be handled conveniently. R.f. wiring
should be run directly from point to point over
the shortest path and should be kept well spaced
from the chassis and components. Where the
wiring must pass through the chassis, a halfinch hole should be cut at the appropriate point
and the hole lined with a rubber grommet.
The wire should not be allowed to touch the
rubber.
Power and control wiring outside the transmitter chassis should be cabled to make a neatlooking job. Fig. 24-7 shows the correct methods
of lacing cables.
Coaxial Plug Connections
Considerable time and trouble can be saved in
making cable connections to coaxial plugs by

==1
Sokler Hole
Fig. 24-4 — Dimensions for stripping Y2inch cable to
fit Amphenol Type 8.3-1SP plug.

Fig. 24-6 — Stripping dimensions for Amphenol 82-830
and 82-832 plug-in connectors. The longer exposed braid
is for the first type.
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(A)

WRONG

(B)

RIGHT

(C)

RIGHT

;-\

Fig. 24 -7— Methods of lacing cables. The method
shown at C is more secure, but takes more time than
the method of B. The latter is usually adequate for most
amateur requirements.
starting out with the correct stripping dimensions. Fig. 24-3 shows how the end of the cable
should be prepared for connecting to Jones
Type P-101 plugs. After the exposed braid has
been wound, it should be carefully tinned, applying no more heat than is necessary, to avoid melting the inner insulation. A small amount of solder
also should be flowed into the sleeve of the plug.
Then, when the cable is inserted in the sleeve, the
connection can be made secure by holding the
iron against the sleeve until the solder inside
melts. While joining the two, the plug may be
held by inserting it in a hole drilled in a board.
Figs. 24-4, 24-5 and 24-6 show details of connections to different types of Amphenol plugs and
adapters.

•COMPONENT

mg the base figures by 1000, 100, and 10,
respectively.)
"Tolerance" means that a variation of plus
or minus the percentage given is considered
satisfactory. For example, the actual resistance
of a " 4700-ohm" 20- per- cent resistor can lie
anywhere between 3700 and 5600 ohms, approximately. The permissible variation in the
same resistance value with 5- per-cent tolerance
would be in the range from 4500 to 4900 ohms,
approximately.
Only those values shown in the first column
of Table 24- II are available in 20- per-cent
tolerance. Additional values, as shown in the
second column, are available in 10- per-cent
tolerance; still more values can be obtained in
5-per-cent tolerance.
In the component specifications in this
Handbook, it is to be understood that when no
tolerance is specified the largest tolerance
available in that value uill be satisfactory.
Values that do not fit into the preferrednumber system (such as 500, 25,000, etc.)
easily can be substituted. It is obvious, for
example, that a 5000-ohm resistor falls well
within the tolerance range of the 4700-ohm
20- per- cent resistor used in the example above.
It would not, however, be usable if the tolerance were specified as 5 per cent.

•COLOR

Standardized color codes are used to mark
values on small components such as composition resistors and mica condensers, and to
identify leads from transformers, etc. The
resistor- condenser number color code is given
in Table 24-111.

TABLE 24-11
Standard Component Values
50%
Tolerance
10

10%
Tolerance
10
12

15

15

22

22

VALUES

Values of composition resistors and small
condensers ( mica and ceramic) are specified
throughout this Handbook in terms of " preferred values." In the preferred-number system, all values represent (approximately) a
constant- percentage increase over the next
lower value. The base of the system is the
number 10. Only two significant figures are
used. Table 24- II shows the preferred values
based on tolerance steps of 20, 10 and 5 per
cent. All other values are expressed by multiplying or dividing the base figures given in the
table by the appropriate power of 10. ( For
example, resistor values of 33,000 ohms, 6800
ohms, and.11.50 ohms are. obtained by multiply-

CODES

18

27
33

33
39

47

47
56

88

68

100

100

82

5%
Tolerance
10
11
12
13
15
16
18'
20
22
24
27
30
33
36
39
43
47
51
56
62
68
75
82
91
100
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CHAPTER 24
Fixed Condensers

The methods of marking postage-stamp"
mica condensers, molded paper condensers,
and tubular ceramic condensers are shown in
Fig. 24-5. Condensers made to American War
Standards or Joint Army-Navy specifications
are marked with the 6-dot code shown at the
top. Practically all surplus condensers are in
this category. The 3-dot RMA code is used for
condensers having a rating of 500 volts and
± 20 % tolerance only; other ratings and
tolerances are covered by the 6-dot RMA code.
Examples: A condenser with a6-dot code has
the following markings: Top row, left to right,
black, yellow, violet;. bottom row, right to left,
brown, silver, red. Since the first color in the top
row is black (significant figure zero) this is the
AWS code and the condenser has mica dielectric.
The significant figures are 4 and 7, the decimal
multiplier 10 (brown, at right of second row),
so the capacitance is 470 µdd. The tolerance is
10%. The final color, the characteristic, deals
with temperature coefficients and methods of
testing, and may be ignored.
A condenser with a3-dot code has the following colors, left to right: brown, black, red. The
significant figures are 1, 0 ( 10) and the multiplier
is 100. The capacitance is therefore 1000 µdd.
A condenser with a 6-dot code has the following markings: Top row, left to right, brown,
black, black; bottom row, right to left black,
gold, blue. Since the first color in the top row is
neither black nor silver, this is the RMA code.
The significan fi res are 1, 0, 0 ( 100) and the
decimal multiiS
1 (black). The capacitance
is therefore 100 . The gold ikit shows that
the tolerance is % and the blue dot indicates
600-volt rating.
Ceramic Condensers

Conventional marking& for ceramic condensers are shown in the lower drawing of
Fig. 24-8. The colors have the meanings indicated in Table 24-W. In practice, dots may be
used instead of the narrow bands indicated in
Fig. 24-8.
Example: A ceramic condenser has the following markings: Broad band, violet; narrow
bands or dots, green, brown, black, green. The
significant figures are 5, 1(
51) and the decimal
multiplier is 1, so the capacitance is 51 ismfd.
The temperature coefficient is — 750 parts per
million per degree C., as given by the broad
band, and the capacitance tolerance is
5%.

Fixed Composition Resistors
Compersition resistors (including small wirewound units molded in cases identical with the
composition type) are color-coded as shown in
Fig. 24-9. Colored bands are used on resistors
having axial leads; on radial-lead resistors the
colors are placed as shown in the drawing.
When bands are used for color coding the body
color has no significance.
Examples: A resistor of the type shown in the
lower drawing of Fig. 24-9 has the following
color bands: A. red; 13, red; C, orange; D, no
color. The significant figures are 2. 2 (22) and the
decimal multiplier is 1000. The value of resistance is therefore 22,000 ohms and the tolerance
is * 20%
A resistor of the type shown in the upper drawing has the following colors: body (A), blue;
end ( B), gray; dot, red; end ( D), gold. The

significant figures are 6, 8 ( 68) and the decimal
multiplier is 109, so the resistance is 6800 ohms.
The tolerance is * 5 %.

I.F. Transformers
Blue — plate lead.
Red — " B" I- lead.
Green — grid (or diode) lead.
Black — grid ( or diode) return.
NOTE: If the secondary of the i.f.t. is center,
tapped, the second diode plate lead is greenand-black striped, and black is used for the
center-tap lead
A.F.

Transformers

Blue — plate (finish) lead of primary.
Red — " B" + lead (this applies whether the
Arst

significant figure

Mika. capacitors- Black
(AWS paper ogpacitors :1
silver)

Second
Friheard fifure

c>
0 0 0
t
eharaderistic

I 1—Pecimalmultiplier
Tolerance
AWS and JAN find capacitas

e.>

iL

First
significant figure
Second
Significant figure

Decimal
multiplier

l

RUA 3-dot

500-volt,±20% tolerance os

Second'
significant flore

•
First

siynificant fiyure- 1

seur
ftni
nt flare

c>
0

Volteye ratinyi

0

0

L

Decimal multiplier
Tolerance

RNA 6- dot

kmpenitare coefficient

First sirificant figure
8-Sewn/significant figure
C
Decimal multiplier
o-Capacitance tolerance

feed comic capacitas
Fig. 244 — Color coding of fixed mica, molded paper,
and tubular ceramic condensers. The color code for mica
and molded paper condensers is given in Table 24.III.
Table•24.1V gives the color code for tubular ceramic
condenses.
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TABLE 24- IV
Color Code for Ceramic Condensers
Capacitance Tolerance

•

Color

HI

I--

I ! I\
Fixed compos,fion

resMors

Fig. 24-9 — Color coding of fixed composition resistors.
The color code is given in Table 24-111. The colored
areas have the following significance:
A — First significant figure of resistance in ohms.
B — Second significant figure.
C — Decimal multiplier.
D — Resistance tolerance 4n per cent. If no color>
shown, the tolerance is * 20%.

primary is plain or center- tapped).
Brown — plate (start) lead on center- tapped
primaries. ( Blue may be used for this lead if
polarity is not important.)
Green — grid (finish) lead to secondary.
Black — grid return ( this applies whether the
secondary is plain or center- tapped).
Yellow — grid (start) lead on center- tapped

Color

Black
Brown
Red
Orange
Yellow
Green
Blue
Violet
Gray
White

Temp. Coeff.
Significant Decimal
Figure Multiplier More than Less than
C.
10 µdd. ig µdd.
(in c/)

o
10
100
1000

D 01
0.1

*20
1
*2

2.0

5

0.5

10

0.25
1.0

o
—30
—SO
— 150
—220
—330
—470
— 750
30
500

secondaries. (Green may be used for tisis
lead if polarity is not important.)
NOTE: These markings apply also to line- togrid and tube- to- line transformers.
Loudspeaker Voice Coils
Green — finish.
Black — start.
Loudspeaker

Field

Coils

Black and Red — start.
Yellow and Red — finish.
Slate and Red — tap ( if any).

TABLE 24-111

Power Transformers

Resistor- Condenser Color Code

1) Primary Leads
Black
If tapped:
Common
Black
Tap
Black and Yellow Striped
Finish
Black and Red Striped
2) High- Voltage Plate Winding
. Red
Center-Tap.. . Red and Yellow Striped
3) Rectifier Filament Winding
Yellow
Center-Tap.. Yellow and Blue Striped
4) Filament Winding No. 1 ...... . . Green
Center-Tap. . Green and Yellow Striped
5) Filament Winding No. 2
Brown
Center-Tap. Brown and Yellow Striped
6) Filament Winding No 3
Sléde
Center-Tap... Slate and Yellow Striped

Significant Decimal
Tolerance Voltage
Rating*
Figure
Multiplier (%)

Black
0
Brown
I
Red
2
Orange
3
Yellow
4
Green
5
Blue
6
Violet
Ir.' 7
Gray
8
White
9
Gold
Silver
No color

1
10
100
1000
10,000
100,000
1,000,000
10,000,000
100,000,000
1,000,000,000
0.1
0.01
- —

1*
2*
3*
4*
5*
6*
7*
8*
9*
5
10
20

*Applies to condensers only.

100
200
300
400
500
600
700
800
900
1000
2000

CHAPTER 25

Operating a Station
The enjoyment of our hobby usually comes
from the operation of our station once we have
finished its construction. Upon the station and
its operation depend the communication records
that are made.
An operator with a slow, steady, clean-cut
method of sending has a big advantage over
the poor operator. Good sending is partly a
matter of practice but patience and judgment
are just as important qualities of an operator as
a good " fist." The technique of speaking in
connected thoughts and phrases is equally important for the operator who uses voice.

• OPERATING COURTESY AND
TOLERANCE

Normal operating interests in amateur radio
vary considerably. Some prefer to rag-chew,
others handle traffic, others work DX, others
concentrate on working certain areas, countries
or states, still others get on for an occasional
contact only to check anew rig or antenna.
Interference is one of the things we amateurs
have to live with. However, we can conduct our
operating in a way designed to alleviate it as
much as possible. Before putting the transmitter
on the air, listen on your own frequency. If you
hear stations engaged in communication on that
frequency, stand by until you are sure no interference will be caused by your operations, or
shift to another frequency. No amateur or any
group of amateurs has any exclusive claim to any
frequency in any band. We must work together,
each respecting the rights of others. Remember,
those other chaps can cause you as much interference as you cause them, sometimes more!
Where a VF() is used it is not necessary to stick
to a single operating frequency though it is well
to have one or two preferred and alternate frequencies. It has become general operating proce(lure these days to work stations on or near your
own frequency. This practice will automatically
assist in reducing interference.
•

C.W. PROCEDURE

The best operators, both those using voice and
c.w., observe certain procedures developed from
experience and regarded as " standard practice."
1) Calls. Calling stations may call efficiently
by transmitting the call signal of the station
called three times, the letters DE, followed by
one's own station call sent three times. (Short
calls with frequent " breaks" to listen have

proved to be the best method.) Repeating the
call of the station called five times and signing
not more than twice ( repeating not more than
three times) has proved excellent practice, thus:
WOBY WOBY WOBY WOBY WOBY DE W1AW
W1AW [etc.] AR.
CQ. The general-inquiry call ( CQ) should be
sent not more than five timos without interspersing one's station identification. The length of
repeated calls is carefully limited in intelligent
amateur operating. ( CQ is not to be used when
testing or when the sender is not expecting or
looking for an answer. Never send aCQ " blind."
Always listen on the frequency first.)
The directional CQ: To reduce the number of
useless answers and lessen QRM, every CQ call
should be made informative when possible.
Examples: A United States station looking for
any Ilawaiian amateur calls: CQ Kilo CQ
KH6 CQ KH6 DE W4IA W4IA W4IA K. A
Western station with traffic for the East Coast
when looking for an intermediate relay station
calls: CQ EAST CQ EAST CQ EAST DE
W5IGW W5IGW W5IGW K. A station with
messages for points in Massachusetts calls: CQ
MASS CQ MASS CQ MASS DE W7CZY
W7CZY W7CZY K. In each example indicated
it is understood that the combination used is
repeated three times.

Hams who do not raise stations readily may
find that their sending is poor, their calls ill-timed
or judgment in error. When conditions are right
to bring in signals from the desired locality, you
can call them. Reasonably short calls, with appropriate and brief breaks to listen, will raise
stations with minimum time and trouble.
2) Answering aCall: Call three times ( or less);
send DE; sign three times (or less); after contact
is established decrease the use of the call signals
of both stations to once or twice. When astation
receives acall but does not receive the call letters
of the station calling, QRZ? may be used. It
means " By whom am I being called?" QRZ
should not be used in place of CQ.
3) Ending Signals and Sign-Off: The proper
use of AR, K, KN, SK and CL ending signals is
as follows:
AR — End of transmission. Recommended
after call to aspecific station before contact has
been established.
Example:

W6ABC

W6ABC

W6ABC

DE

W9LMN W9LMN W9LMN AR. Aleo at the
end of transmission of a radiogram, immediately following the signature, precediqg identification.

K — Go ahead (any station). Recommended
after CQ and at the end of each transmission
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during QSO when there is no objection to others
breaking in.
Example .CQ CQ CQ DE W1ABC W1ABC
W1ABC K or W9XYZ DE W1ABC K.

KN — Go ahead (specific station), all others
keep out. Recommended at the end of each
transmission during aQSO, or after acall, when
calls from other stations are not desired and will
not be answered.
Example: W4FGH DE XU6GRL KN.

SK — End of QSO. Recommended before
signing last transmission at end of aQSO.
Example: .... SE WSLMN DE W5BCD.

CL — I am closing station. Recommended
when a station is going off the air, to indicate
that it will not listen for any further calls.
Example: .... SK W7IIIJ DE W2JKL CL

4) Test signals to permit another station to
adjust receiving equipment may consist of a
series of Vs with the call signal of the transmitting
station at frequent intervals. Remember that a
test signal can be atotally unwarranted cause of
QRM, and always listen first to find a clear spot
if possible.
5) Rereipting for conversation or traffic: Never
send acknowledgment until the transmission has
been entirely received. " R" means " All right,
OK, Iunderstand completely." Use R only when
all is received correctly.
6) Repeats. When most of a transmission is
lost, a call should be followed by correct abbreviations to ask for repeats. When afew words on
the end of a transmission are lost, the last word
received correctly is given after ? AA, meaning " all
after." When a few words on the beginning of a
transmission are lost, ?AB for " all before" a
stated word should be used. The quickest way
to ask for a fill in the middle of atransmission is
to send the last word received correctly, a question mark, then the next word received correctly.
Another way is to send "?BN [word] and [ word]."
Do not send words twice ( QSZ) unless it is
requested. Send single. Do not fall into the had
habit of sending double without a request from
fellows you work. Don't say " QRM" or " QRN "
when you mean " QRS." Don't CQ unless there
is definite reason for so doing. When sending
CQ, use judgment.
General Practices
When astation has receiving trouble, the operator asks the transmitting station to " QSV."
The letter " R" is often used in place of adecimal
point (e.g., " 3R5 Mc.") or the colon in time
designation (e.g., " 2R30 PM"). A long dash is
sent for " zero."
The law concerning superfluous signals should
be noted. If you must test, disconnect the antenna
system and use an equivalent " dummy" antenna. Send your call frequently when operating.
Pick a time for adjusting the station apparatus
when few stations will be bothered,
The up-to-date amateur station uses " break-

in." For best results send at a medium speed.
Send evenly with proper spacing. The standardtype telegraph key is best for all-round use.
Regular daily practice periods, two or three
periods aday, are best to acquire real familiarity
and proficiency with code:
No excuse can be made for " garbled" copy.
Operators should copy what is sent and refuse to
acknowledge a whole transmission until every
word has been received correctly. Good operators
do not guess. "Swing" in afist is not the mark of
a good operator. Unusual words are sent twice,
the word repeated following the transmission of
"?". If not sure, a good operator systematically
asks for afill or repeat. Sign your call frequently,
interspersed with calls, and at the end of all
transmissions.
On Good Sending
Assuming that an operator has learned sending
properly, and comes up with a precision " fist"
— not fast, but clean, steady, making wellformed rhythmical characters and spacing beautiful to listen to — he then becomes subject to
outside pressures to his own possible detriment
in everyday operating. Ile will want to " speed
it up" because the operator at the other end is
going faster, and so he begins, unconsciously, to
run his words together or develops a " swing."
Perhaps one of the easiest ways to get into
bad habits is to do too much playing around
with special keys. Too many operators spend
only enough time with a straight key to acquire
"passable" sending, then subject their newlydeveloped " fists" to the entirely different movements of bugs, side-swipers, electronic keys, or
what-have-you. All too often, this results in the
ruination of what may have become avery good
"fist."
Think about your sending a little. Are you
satisfied with it? You should not be — ever.
Nobody's sending is perfect, and therefore every
operator should continually strive for improvement. Do you ever run words together — like Q
for MA, or P for AN — especially when you are
in a hurry? Practically everybody does at one
time or another. Do you have a " swing"? Any
recognizable " swing" is a deviation from perfection. Strive to send like tape sending; copy a
W1AW Bulletin and try to send it with the same
spacing using a local oscillator on a subsequent
transmission.
Check your spacing in characters, between
characters. and between words occasionally by
making arecording of your fist on an inked tape
recorder. This will show up your faults as nothing else will. Practice the correction of faults.

• USING

A BREAK-IN SYSTEM

Break-in avoids unnecessarily long calls, prevents QRM, gives more communication per hour
of operating. Brief calls with frequent short
pauses for reply can approach ( but not equal)
break-in efficiency.
A separate receiving antenna facilitates break-
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in operation. It is only necessary with break-in
to pause just a moment with the key up ( or to
cut the carrier momentarily and pause in a
'phone conversation) to listen for the other station. The click when the carrier is cut off is as
effective as the word " break."
C.w. telegraph break-in is usually simple to
arrange. With break-in, ideas and messages to
be transmitted can be pulled right through the
holes in the QRM. Snappy, effective, efficient,
enjoyable amateur work really requires but a
simple switching arrangement in your station to
cut off the power and switch 'phones from monitor to receiver.
In calling, the transmitting operator sends the
letters " BK" at frequent intervals during his
call so that stations hearing the call may know
that break-in is in use and take advantage of the
fact. He pauses at intervals during his call, to
listen for a moment for a reply. If the station
being called does not answer, the call can be continued.
With atap of the key, the man on the receiving end can interrupt ( if a word is missed). The
other operator is constantly monitoring, awaiting just such directions. It is not necessary that
you have perfect facilities to take advantage of
break-in when the stations you work are break-inequipped. After any invitation to break is given
(and at each pause) press your key — and contact can start immediately.

CHAPTER 25
Voice-Operating Hints
1) Listen before calling.
2) Make short calls with breaks to
listen. Avoid long CQs; do not answer
any.
3) Use push- to-talk. Give essential data
concisely in first transmission.
4) Make reports honest. Use definitions
of strength and readability for reference.
Make your reports informative and useful.
Honest reports and full word description
of signals save amateur operators from
FCC trouble.
5) Limit transmission length. Two minutes or less will convey much information.
When three or more stations converse in
round tables, brevity is essential.
6) Display sportsmanship and courtesy.
Bands are congested . . . make transmissions meaningful . . . give others a
break.
7) Cheek transmitter adjustment . . .
avoid AM overmodulation and splatter.
Do not radiate when moving VFO frequency or checking NFM swing. Use
receiver b.f.o. to cheek stability of signal.
Complete testing before busy hours!

Voice Equivalents to Code Procedure
•

VOICE OPERATING

The use of proper procedure to get best results
is just as important as in using code. In telegraphy words must be spelled out letter by letter.
It is therefore but natural that abbreviations
and shortcuts should have come into widespread
use. In voice work, however, abbreviations are
not necessary, and should have less importance
in our operating procedure.
The letter " K" has been agreed to in telegraphic practice so that the operator will not
have to pound out the separate letters that spell
the words " go ahead." The voice operator can
say the words " go ahead" or " over," or " come
in please."
One laughs on c.w. by spelling out HI. On
'phone use alaugh when one is called for. Be natural as you would with your family and friends.
The matter of reporting readability and strength
is as important to ' phone operators as to those
using code. With telegraph nomenclature, it is
necessary to spell out wórds to describe signals
or use the abbreviated signal reporting system
(RST . . . see Chapter Twenty-Six). Using
voice, we have the ability to " say it with words."
"Readability four, Strength eight" is the best
way to give aquantitative report. Reporting can
be done so much more meaningfully with ordinary words: " You are weak but you are in the
clear and Ican understand you, so go ahead," or
"Your signal is strong but you are buried under
local interference." Why not say it with words?

Voice
Go ahead; over

Code

Wait; stand by
Okay

AS, QRX

Meaning
Self-explanatory
Self-explanatory
Receipt for a correctly- transcribed
message or for
"solid" transmission
with no missing portions

'Phone- Operating Practice
Efficient voice communication, like good c.w.
communication, demands good operating. Adherence to certain points " on getting results"
will go along way toward improving our ' phoneband operating conditions.
Use push-to-talk technique. Where possible arrange on-off switches or controls for fast backand-forth exchanges that emulate the practicality
of the wire telephone. This will help reduce the
length of transmissions and keep brother amateurs from calling you a " monologuist" — aguy
who likes to hear himself talk!
Listen with care. Keep noise and " backgrounds" out of your operating room to facilitate
good listening. It is natural to answer the strongest signal, but take time to listen and give some
consideration to the best signals, regardless of
strength. Every amateur cannot run a kilowatt,
but there is no reason why every amateur cannot
have asignal of good quality, and utilize uniform
operating practices to aid in the understandability and ease of his own communications.
Interpose your call regularly and at frequent
intervals. Three short calls are better than one
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long one. In calling CQ, one's call should,certainly
appear at least once for every five or six CQs.
Calls with frequent breaks to listen will save
time and be most productive of results. In identifying, always transmit your own call last. Don't
say " This is W1ABC standing by for W2DEF";
say " W2DEF, this is W1ABC, over." FCC regulations show the call of the transmitting station
sent last.
Include country prefix before call. It is not correct to say " 9RRX this is 1BDI." Correct and
legal use is " W9RRX this is W1BDI." FCC
regulations require proper use of calls; stations
have been cited for failure to comply with this
requirement.
Monitor your own frequency. This helps in timing calls and transmissions. Send when there is a
chance of being copied successfully — not when
you are merely " more QRM." Timing transmissions is an art to cultivate.
Keep modulation constant. By turning the gain
"wide open" you are subjecting anyone listening
to the diversion of whatever noises are present in
or near your operating mom, to say nothing of
the possibility of feed-back, echo due to poor
acoustics and modulation excesses due to sudden
loud noises. Speak near the microphone, and
don't let your gaze wander all over the station
causing sharply-varying input to your speech
amplifier; at the same time, keep far enough from
the microphone so your signal is not modulated
by your breathing. Change distance or gain only
as necessary to insure uniform transmitter performance without overmodulation, splatter or
distortion.
Make connected thoughts and phrases. Don't mix
disconnected subjects. Ask questions consistently.
Pause and get answers.
Have a pad of paper handy. It is convenient
and desirable to jot down questions as they come
in the course of discussion in order not to miss
any. It will help you to make intelligent to-thepoint replies.
Steer clear of inanities 'and soap-opera stuff. Our
amateur radio and also our personal reputation
as aserious communications worker depend on us.
Avoid repetition. Don't repeat back what the
other fellow has just said. Too often we hear a
conversation like this: " Okay on your new antenna there, okay on the trouble you're having
with your receiver, okay on the company who
just came in with some ice cream, okay . . .
¡etc.]." Just say you received everything OK.
Don't try to prove it.
Use phonetics only as required. When clarifying
genuinely doubtful expressions and in getgng
your call identified positively we suggest 1019, of
the ARRL Phonetic List. Limit such ;ase to
really-necessary clarification.
The speed of radiotelephone transmission ( with
perfect accuracy) depends almost entirely upon
the skill of the two operators involved. One must
learn to speak at a rate allowing perfect understanding as well as permitting the receiving
operator to copy down the message text, if that
is necessary. Because of the similarity of many

English speech sounds, the use of alphaliui iu:11
word lists has been found necessary. All v ioperated stations should use a standrird list,
needed to identify call signals or unfamiliar
expressions.
ARRL Word List for Radiotelephony
ADAM
BAKER
CHARLIE
DAVID
EDWARD
FRANK
GEORGE
HENRY
IDA

JOHN
KING
LEWIS
MARY
NANCY
OTTO
PETER
QUEEN
ROBERT

Example: WIAW

W

1 ADAM

SUSAN
THOMAS
UNION
VICTOR
WILLIAM
X-RAY
YOUNG
ZEBRA
WILLIAM.

Round Tables. The round table has many advantages if run properly. It clears frequencies of
interference, especially if all stations involved
are on the same frequency, while the enjoyment
value remains the same, if not greater. By use of
push-to-talk, the conversation can be kept lively
and interesting, giving each station operator
ample opportunity to participate without waiting overlong for his turn.
Round tables can become very unpopular if
they are not conducted properly. The monologuist, off on along spiel about nothing in particular,
cannot be interrupted; make your transmis.sions
short and to the point. " Butting in" is discourteous
and unsportsmanlike; don't enter around table, or
any contact between two other amateurs, unless you
itre iruritled. It is batenough trying to understand
voice through prevailing interference without
the added difficulty of poor quality; check your
transmitter adjustments frequently. In general,
follow the precepts as hereinbefore outlined for
the most enjoyment in round tables as well as
any other form of radiotelephone communication.

•WORKING

DX

Most amateurs at one time or another make
"working DX" a major aim. As in every other
phase of amateur work, there are right and wrong
ways to go about getting best results in working
foreign stations, and it is the intention of this
section to outline a few of them.
The ham who has trouble raising DX stations
readily may find that poor transmitter efficiency
is not the reason. He may find that his sending
is poor, or his calls ill-timed, or his judgment in
error. When conditions are right to bring in the
I)X, and the receiver sensitive enough to bring
in several stations from the desired locality, the
way to work DX is to use the appropriate fre(luency and timing and call these stations, as
against the common practice of calling " CQ
DX."
The call CQ DX means slightly different things
to amateurs in different bands:
a) On v.h.f., CQ DX is a general call ordinarily used only when the band is open, under
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favorable " skip" conditions. For v.h.f. work
such acall is used for looking for new states and
countries, also for distances beyond the customary " line-of-sight" range on most v.h.f. bands.
b) CQ DX on our 7-, 14- and 28- Mc. bands
may be taken to mean " General call to any foreign station." The term " foreign station" usually
refers to any station in a foreign continent. (Experienced amateurs in the U. S. A. and Canada
do not use this call, but answer such calls made
by foreign stations.)
DX OPERATING CODE
(For W/VE Amateurs)

Some amateurs interested in DX work
have caused considerable confusion and
QRM in their efforts to work DX stations. The points below, if observed by
all W/VE amateurs, will go a long way
toward making DX more enjoyable for
everybody.
1. Call DX only after he calls CQ,
QRZ?, signs SK, or 'phone equivalents
thereof.
2. Do not call aDX station:
a. On the frequency of the station
he is working until you are sure
the QS0 is over. This is indicated
by the ending signal SK on c.w.
and any indication that the operator is listening, on 'phone.
b. Because you hear someone else
calling him.
c. When he signs KN, AR, CL, or
'phone equivalents.
d. Exactly on his frequency.
e. After he calls a directional CQ,
unless of course you are in the
right direction or area.
3. Keep within frequency-band limits.
Some DX stations operate outside. Perhaps they can get away with it, but you
(annot.
4. Observe calling instructions of DX
stations. " 10U" means call ten kc. up
from his frequency, " 15D" means 15 kc.
down, etc.
5. Give honest reports. Many foreign
stations depend on W and VE reports for
adjustment of station and equipment.
6. Keep your signal clean. Key clicks,
chirps, hum or splatter give you a bad
reputation and may get you a citation
from FCC.
7. Listen for and call the station you
want. Calling CQ DX is not the best assurance that the rare DX will reply.
8. When there are several W or VE
stations waiting to work a DX station,
avoid asking him to " listen for a friend."
Let your friend take his chances with the
rest. Also avoid engaging DX stations in
rag-chews against their wishes.

c) CQ DX used on 3.5 Mc. under winter-night
conditions may be used in this same manner. At
other times, under average 3.5- Mc, propagation
conditions, the call may be used in domestic
work when looking for new states or countries in
one's own continent, usually applying to stations
located over 1000 miles distant from your own.
The way to work DX is not to use a CQ call
at all (
in our continent). Instead, use your best
tuning skill — and listen — and listen — and
listen. You have to hear them before you can work
them. Hear the desired stations first; time your
calls well. Use your utmost skill. A sensitive receiver is often more important than the power
input in working foreign stations. If you can hear
stations in a particular country or area, chances
are that you will be able to work someone there.
One of the most effective ways to work DX is
to know the operating habits of the DX stations
sought. Doing too much transmitting on the DX
bands is not the way to do this. Again, listening
is effective. Once you know the operating habits
of the DX station you are after you will know
when and where to call, and when to remain
silent waiting your chance.
Many DX stations use the signals HM, MH,
LM and ML to indicate where they are tuning
for replies. The meanings of these signals are as
follows:
HM — Will start to listen at high-frequency end of band and
tune toward middle of band.
MH — Will start to listen in the middle of the band and
tune toward the high-frequency end.
LM — Will start to listen at /ow-frequency end of band and
tune toward middle of band.
ML — Will start to listen in the middle of the band and
tune toward the low-frequency end.
Example: If the procedure will be to tune
from the middle of the band to the high end, a
CQ call goes: CQ DE G5BY MH K.

ARRL has recommended some operating procedures to DX stations aimed at controlling
some of the thoughtless operating practices
sometimes used by W/VE amateurs. A copy of
these recommendations (Operating Aid No. 5)
can be obtained free of charge from ARRL Headquarters.
In any band, particularly at line-of-sight frequencies, when directional antennas are used,
the directional CQ such as CQ W5, CQ north,
etc., is the preferable type of call. Mature amateurs agree that CQ DX is a wishful rather than
a practical type of call for most stations in the
Nth Americas looking for contacts in foreign
coetries. Ordinarily, it is a cause of unnecessarYQRM.
Conditions in the transmission medium make
all field strengths from a given region more
nearly equal at a distance, irrespective of power
used. In general, the higher the frequency band,
the less important power considerations become.
This accounts in part for the relative popularity
of the 14- and 28-Mc. bands among amateurs who
like to work DX.
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BEEP AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES! F.C.C. REQUIRES IT.
A page from the official ARRL log is shown above, answering every Government requirement in respect to station
records. Bound logs made up in accord with the above form can be obtained from Headquarters for anominal sum
or you can prepare your own, in which case we offer this form as asuggestion. The ARRL log has aspecial wire
binding and lies perfect!' flat on the table.

•

KEEPING AN AMATEUR

STATION LOG

The FCC requires every amateur to keep a
complete station operating record. It may also
contain records of experimental tests and adjustment data. A stenographer's notebook can be
ruled with vertical lines in any form to suit the
user. The Federal Communications Commission
requirements are that a log be maintained that
shows ( 1) the date and time of each transmission,
(2) all calls and transmissions made (whether
two-way contacts resulted or not), (3) the input

power to the last stage of the transmitter, (4)
the frequency band used, (5) the time of ending
each QS0 and the operator's identifying signature for responsibility for each session of operating. Messages may be written in the log or separate records kept — but record must be made
for one year as required by the FCC. For the
convenience of amateur station operators ARRL
stocks both logbooks and message blanks, and if
one uses the official log he is sure to comply fully
with the Government requirements if the precautions and suggestions included in the log are
followed.

Message Handling
Amateur operators in the United States and
afew other countries enjoy aprivilege not available to amateurs in most countries — that of
handling third-party message traffic. In the early
history of amateur radio in this country, some
amateurs who were among the first to take advantage of this privilege formed an extensive
relay organization which became known as the
American Radio Relay League.
Thus, amateur message-handling has had a
long and honorable history and, like most services, has gone through many periods of development and change. Those amateurs who handled
traffic in 1914 would hardly recognize it the way
some of us do it today, just as equipment in
those days was far different from that in use
now. Progress has been made and new methods
have been developed in step with advancement
in communication techniques of all kinds. Amateurs who handled alot of traffic found that organized operating schedules were more effective
than random relays, and as techniques advanced and messages increased in number, trunk
lines were organized, spot frequencies began to
be used, and there sprang into existence a number of traffic nets in which many stations operated on the same frequency to effect wider cov-

erage in less time with fewer relays; but the old
methods are still available to the amateur who
handles only an occasional message.
Although message handling is as old an art as
is amateur radio itself, there are many amateurs
who do not know how to handle a message and
have never done so. As each amateur grows
older and gains experience in the amateur service, there is bound to come a time when he will
be called upon to handle a written message,
during a communications emergency, in casual
contact with one of his many acquaintances on
the air, or as a result of a request from a nonamateur friend. Regardless of the occasion, if it
comes to you, you will want to rise to it! Considerable embarrassment is likely to be experienced by the amateur who finds he not only does
not know the form in which the message should
be prepared, but does not know what to do with
the message once it has been filed or received in
his station.
Traffic work need not be a complicated or
time-consuming activity for the casual or occasional message-handler. Amateurs may participate in traffic work to whatever extent they wish,
from an occasional message now and then to
becoming a part of organized traffic systems.
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This chapter explains some principles so the
reader may know where to find out more about
the subject and may exercise the message-handling privilege to best effect as the spirit and
opportunity arise.

teurs participating in this activity, and they are
completely outlined and explained in Operating
an Amateur Radio Station, a copy of which is
available upon request or by use of the coupon
at the end of this Chapt

Responsibility

Clearing a Message

Amateurs who originate messages for transmission or who receive messages for relay or
delivery should first consider that in doing so
they are accepting the responsibility of clearing
the message from their station on its way to its
destination in the shortest possible time. Fortyeight hours after filing or receipt is the generallyaccepted rule among traffic-handling amateurs,
but it is obvious that if every amateur who
relayed the message allowed it to remain in his
station this long it might .be along t
inn reaching
its destination. Traffic should be relayed or delivered as quickly as possible.

Amateurs not experienced in message handling
should depend on the experienced messagehandler to get a message through, if it is important; but the average amateur can enjoy operating with a message to be handled either through
a local traffic net or by free-lancing. The latter
may be accomplished by careful listening for an
amateur station at desired points, directional
CQs, use of the General Calling frequencies, or
by making and keeping a schedule with another
amateur for regular work between specified
points. He may well aim at learning and enjoying through doing. The joy and aeromplishment
in thus developing one's operating skill to top
Message Form
perfection has areward all its own.
Once this responsibility is realized and acThe best way to clear a message is to put it
cepted, handling the message becomes a matter
into one of the many organized traffic networks,
of following generally-accepted standards of
or to give it to a station who can do so. There
form and transmission. For this purpose, each
are many amateurs who make the handling of
message is divided into four parts: the preamble,
traffic their principal operating activity, and
the address, the text and the signature. Some of
many more still who participate in this activity
these parts themselves are subdivided. It is necto a greater or leaser extent. The result is a sysessary in preparing the message for transmission
tem of traffic nets which spreads to all corners of
and in actually transmitting it to know not only
the United States and covers most U. S. posseswhat each part is and what it is for, but to know
sions and Canada. Once a message gets into one
in what order it should be transmitted, and to
of these nets, regardless of the net's size or covknow the various procedure signals used with it
erage, it is systematically routed toward its deswhen sent by c.w. If you are going to send a tination in the shortest possible time.
message, you may as well send it right.
If you decide to " take the bull by the horns"
Standardization is important! There is agreat
and put the message into a traffic net yourself
deal of room for expressing originality and indi(and more power to you if you do!), you will
viduality in amateur radio, but there are also
need to know something about how traffic nets
times and places where slug]: expression can only
operate, and the special Q signals and procedure
cause confusion and inetlieiency. Recognizing
they use to dispatch all traffic with a maximum
the need for standardization in message form
of efficiency. Reference to net lists in QST ( usuand message transmitting proeedures, ARRL
ally in the November and January issues) will
has long since recommended such standards, and
give you the frequency and operating time of the
most traffic- interested amateurs have followed
net in your section, or other net into which your
them. In general, these recommendations, and
message can go. Listening for a few minutes at
the various changes they have undergone from
the time and frequency indicated should acyear to year, have been at the request of ama- quaint you with enough fundamentals to enable
you to report into the net and indicate your
THE AMERICAN RADIO RELAY LEAGUE
traffic. From that time on you follow the instructions of the net control station, who will tell you
RADIOGRAM
when and to whom ( and on %%that frequency, if
de.15rige
different from the net frequet cy. to send y
-our
message. Since most nets use the special "( 2N"
Rit UAW. Ina
5? ,bums, AVIe
signals, it is usually very helpful to have a list
emcees& tuss
of these before you ( list available from ARRL
Hq.).
,

,
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Here is an example of a plain-language message in
correct ARRt form.

Network Operation
About this time, you may find that you are
enjoying this type of operating activity and want
to know more about it, and to increase your
proficiency. Many amateurs are happily " addicted" to traffic handling after only one or two
brief exposures to it. Most traffic nets are at present being conducted by c.w., since this mode of
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communication seems to be more popular for
record purposes — but this does not mean that
high code speed is a necessary prerequisite to
working in traffic networks. There are many nets
organized specifically for the slow-speed amateur,
and most of the so-called " fast" nets are usually
glad to slow down to accommodate slower operators, especially those nets at state or section level.
The significant facet of net operation, however, is that code speed alone does not make for
efficiency — sometimes quite the contrary! A
high-speed operator who does not know net procedure can " foul up" a net much more completely and more quickly than can a slow operator. It is aproven fact that abunch of high-speed
operators who are not " savvy" in net operation
cannot accomplish as much during a specified
period as an equal number of slow operators who
know net procedure. Don't let your code "speed
deter you from getting into traffic work. Given
a huh. time, your speed will reach the point
where you can compete with the best of them.
Concentrate first on learning net procedure, for
most traffic nowadays is handled on nets.
Team work is the theme of net operation. The
net which functions most efficiently is the net
in which all participants are thoroughly familiar
with the procedure used, and in which operators
refrain from transmitting except at the direction
of the net control station, and do not occupy
time with extraneous commentS, even exchange
of pleasantries. There is a time and place for
everything. When a net is in session it should
concentrate on handling traffic until all traffic is
cleared. Before or after the net is the time for
rag-chewing and discussi(m. Some details of net
operation are included in Operating an Amateur
Radio Station, mentioned earlier, but the whole
story cannot be told. There is no substitute for
actual participation.
The National Traffic System

T.

facilitate and speed the movement of message traffic, there is in existence an integrated
national system by means of which originated

traffic will normally reach its destination area
the same day the message is originated. This system uses the local section net as a basis. Each
section net sends arepresentative to a " regional"
net ( normally covering a call area) and each
"regional" net sends a representative to an
"area" net ( normally covering a time zone).
After the area net has cleared all its traffic, its
members then go back to their respective regional nets, where they clear traffic to the various
section net representatives. When this is done,
the section representatives return to their section
nets to distribute the traffic to or near its ultimate destination. By means of connecting schedules between the four area nets, traffic can flow
both ways so that traffic originated on the West
Coast reaches the East Coast the same night it
is originated, and vice versa. In general local
section nets function at 1900, regional nets at
1945, area nets at 2030 and the same or different
regional and section groups meet again at 2130
and 2200 respectively. Local time is referred to
in each case.
The NTS plan somewhat spreads traffic opportunity so that casual traffic may be reported into
nets for efficient handling one or two nights per
week, early or late; or the ardent traffic man can
operate in .both early and late groups and in bebetween to roll up impressive totals and speed
traffic reliably to its destination. Old-time traffic
men who prefer a high degree of organization
and teamwork have returned to the traffic game
as a result of the new system. Beginners have
shown more interest in becoming part of a system nationwide in scope, in which anyone can
participate. The National Traffic System has
vast and intriguing possibilities as an amateur
service. It is open to any amateur who wishes to
participai e.
The above is but the briefest résumé of what
is of necessity arather complicated arrangement
of nets and schedules. Complete details of the
System and its operation are available to anyone
interested. Just drop a line to ARRL Headquarters.

Emergency Communication
One of the most important ways in which the
amateur serves the public, thus making his existence anational asset, is by his preparation for
an d I
l
i, Participati(ni in ciimmunications emergencies. Every amateur, regardless of the extent
of his normal oj >t• rating activities, should give
some thought to t
he possibility of his being the
only means of communication should his community be cut off from the outside world. It has
happened many times, often in the most unlikely
places; it has happened without warning, finding
some amateurs totally unprepared; it can happen
to you. Are you ready?
There are two principal ways in which any
amateur can prepare himself for such an eventuality. One is to provide himself with equipment capable of operating on any type of emergency power ( i.e., either a.c. or d.c.), and equip-

ment which can
tilly be transported to the
scene of disaster. Iohile equipment is especially
desirable in most emergency situations.
Such equiputti 11, regardless of its elaborateness or modernne,:s, is of lit t
le use, however, if
it is not used pniperly awl at the right times:
and so another way for an amateur to prupare
himself for emergencies, by no means less important than the first, is to learn to operate efficiently. There are many amateurs who feel th at
they know how to operate efficiently who find
themselves considerably handicapped at the
crucial time by not knowing proper procedure,
by being unable due to years of casual amateur
operation to adapt themselves to snappy, abbreviated transmissions, and by being unfamiliar
with message form and routing procedures. It is
dangerous to overrate your ability in this respect; it
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is far better to assume that you have much to learn.
In general it can be said that there is more
emergency equipment available than there are
operators who know properly how to operate
during emergency conditions, for such conditions require clipped, terse procedure with complete break-in on c.w. and fast push-to-talk on
'phone. The casual rag-chewing aspect of amateur radio, however enjoyable and worth while
in its place, must be forgotten at such times in
favor of the business at hand. There is only one
way to gain experience in this type of operation,
and that is by practicing it. During an emergency
is no time for practice; it should be done beforehand, as often as possible, on aregular basis.
This leads up to the necessity for emergency
organization and preparedness. ARRL has long
recognized this necessity and has provided for it.
The Section Communications Manager ( whose
address appears on page 6of any recent issue of
QST) is empowered to appoint certain qualified
amateurs in his section for the purpose of coordinating emergency communication organization and preparedness in specified areas or communities. This appointee is known as an Emergency Coordinator for the city or town. One is
specified for each community. For coordination
and promotion at section level a Section Emergency Coordinator arranges for and recommends the appointments of various Emergency

Coordinators at activity points throughout the
section. Emergency Coordinators organize amateurs in their communities according to local
needs for emergency communication facilities.
The community amateurs taking part in the
local organization are members of the Amateur
Radio Emergency Corps (AREC). All amateurs
are invited to register in the AREC, whether they
are able to play an active part in their local organization or only a supporting rôle. Application blanks are available from your Emergency
Coordinator, from your Section Emergency Coordinator, from your Section Communications Manager or direct from ARRL Headquarters.
In the event that inquiry reveals no Emergency
Coordinator appointed for your community,
your SCM would welcome a recommendation
either from yourself or from a radio club of
which you are amember. By holding an amateur
operator license, you have the responsibility both
to your community and to amateur radio to uphold the traditions of the service.
Among the League's publications is a booklet
entitled Emergency Communications. This booklet, while small in size, contains a wealth of information on AREC organization and functions
and is invaluable to any amateur participating
in emergency or civil defense work. It is free to
AREC members and should be in every amateur's shack. Drop aline to the ARRL Communi-

Before Emergency
PREPARE yourself by providing a transmitter-receiver set-up together with an
emergency power source upon which you can depend.
TEST both the dependability of your emergency equipment and your own operating
ability in the annual ARRL Field Day and the several other on-the-air contests which
take place annually.
REGISTER your facilities and your availability with your local ARRL Emergency
Coordinator. If your community has no EC, contact your local civic and relief agencies
and explain to them what the Amateur Service offers the community in time of disaster.

In Emergency
LISTEN before you transmit. Never violate this principle.
REPORT at once to your Emergency Coordinator so that he will have uptetheminute data on the facilities available to him. Work with local civic and relief agencies
as the EC suggests, offer these agencies your services directly in the absence of an EC.
RESTRICT all on-the-air work in accordance with FCC regulations, Sec. 12.156, as
soon as FCC has " declared" astate of communications emergency.
QRRR is the official ARRL " land SOS," adistress call for emergency only. It is for
use only by astation seeking assistance.
RESPECT the fact that the success of the amateur effort in emergency depends
largely on circuit discipline. The key station in the emergency zone should be the supreme
authority for priority and traffic routing.
CO-OPERATE with those we serve. Be ready to help, but stay off the air unless there
is aspecific job to be done that you can handle more efficiently than any other station.
COPY all bulletins from W1AW. During time of emergency special bulletins will keep
you posted on the latest developments.

After Emergency
REPORT to ARRL Headquarters as soon as possible and as fully as possible so that
the Amateur Service can receive full credit. Amateur Radio has won glowing public
tribute in over 75 major disasters since 1919. Maintain this record.
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cations Department if you want a copy,
the coupon at the end of this chapter.
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The Radio Amateur Civil
Emergency Service

For many years amateurs have been serving
the public in man-made and natural disasters of
various kinds. Now, as once before in our history,
we are being called upon to prepare for participation in civil defense communication. The contribution our larger number of mobiles and emergency powered facilities can make is today a
much greater one than ever before. Within the
limits set by security and frequency availabilities, we now might have an opportunity to serve
civil defense needs much more effectively than
before. The need is greater than ever. To counterbalance this, our Emergency Corps organization
is much stronger, much larger and much more
efficient than ever before in its history.
The extent to which we will figure in the completed plans for civil defense at all levels depends
entirely on the extent to which we participate
as an organization, as one strong facility, in the
plans and preparations being made. And while
we are doing this we must not forget that it by
no means relieves us of the responsibility for

continuing to carry on our traditional preparation for and participation in peacetime communications emergencies. We simply have an extra
job to do.
In recognition of the potential of the amateur
service for civil defense communication, FCC on
January 17, 1951, in coordination with the Department of Defense and the Federal Civil Defense Administration issued Public Notice setting
aside certain segments of frequencies within the
amateur bands for use by amateurs for civil defense communications in the event of intensification of the national emergency. In December of
the same year, following an FCDA-sponsored
conference in Washington, FCC announced proposed rule-making for the Radio Amateur Civil
Emergency Service ( RACES). This is the status
as of the time of preparation of this material.
Copies of the proposed regulations have been
distributed to all officials of the Amateur Radio
Emergency Corps, also to affiliated clubs. Salient
details are covered in the booklet " Emergency
Communications." It is hoped that these proposals will soon be enacted ( perhaps by the time
this is printed) to become atemporary part of the
amateur regulations and thus give the amateurs a
responsible role in civil defense communication.

ARRL Operating Organization
Amateur operation niut have point and constructive purpose to win public respect. Each
individual amateur is the ambassador of the entire fraternity in his public relations and attitude
toward his hobby. ARRL field organization adds
point and purpose to amateur operating.
The Communications Department of the
League is concerned with the practical operation of stations in all branches of amateur activity. Appointments or awards are available
for rag-chewer, traffic enthusiast, ' phone operator, DX man and experimenter.
There are seventy-two ARRL Sections in the
League's field organization, which embraces the
United States, Canada and certain other territory. Operating affairs in each Section are supervised by a Section Communications Manager
elected by members in that section for a twoyear term of office. Organization appointments
are made by the section managers. The election
of officials is covered in detail in the League's
Constitution and By-Laws. Section communications managers' addresses for all sections are
given in full in each issue of QST. SCMs welcome monthly activity reports from all amateur
stations in their jurisdiction.
Whether your activity embraces ' phone or
telegraphy, or both, there is a place for you in
League organization.

•

LEADERSHIP POSTS

To advance each type of station work and
group interest in amateur radio, and to develop
practical communications plans with the greatest success, appointments of leaders and or-

ganizers in particular single-interest fields are
made by SCMs. Each leadership post is important. Each provides activities and as.;istance
for appointee groups and individual members
along the lines of natural interest. While some
posts further the general ability of amateurs to
communicate'efficiently at all times, by pointing
activity toward networks and round tables,
others are aimed specifically at establishment of
provisions for organizing the amateur service as
a stand-by communications group to serve the
public in disaster or emergency of any sort. The
SCM appoints the following in accordance with
section needs and individual qualifications:
PAM
RM
SEC
EC

'Phone Activities Manager. Organizes activities for
OPSs and voice operators in his section.
Route Manager. Coordinates traffic activities.
Section Emergency Coordinator. Promotes and
administers section emergency radio onanization.
Emergency Coordinator. Organizes amateurs of a
community or other area for emergency radio
service; liaison with officials and agencies served;
also with other local communication facilities.

• STATION

APPOINTMENTS

ARRL's field organization has a place for
every active amateur who has a station. The
Communications Department organization exists
to increase individual enjoyment in amateur
radio work, and we extend a cordial invitation
to every amateur to participate fully in the
activities and to apply to the SCM for one of the
following station appointments:
OPf3
ORS

Official ' Phone Station. Voice operating, example
in setting operating standards, activities on voice.
Official Relay Station. Traffic service, operates
nets and trunk lines.
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Official Bulletin Station. Transmits ARRI. and
FC(7 bulletin information to amateurs.
Official Experimental Station. Experimental operating, collects reports v.h.f.-ii.h.f.-s.h.f. propagation data, may engage in facsimile, TT. TV. etc.,
experiments.
Official Observer. Sends cooperative notices to
amateurs to assist in frequency observance, insures
high-quality signals, and prevents FCC trouble.

Emblem Colors
Members wear t
he emblem with black-enamel
background. A red background for an emblem
will indicate that the wearer is SCM. SECs,
ECs, RMs, PAMs may wear the emblem with
green background. Observers and all station appointees are entitled to wear emblems with blue
background.

• SECTION

NETS

Amateurs can add much experience and pleasure to their own amateur lives, and substance
and accomplishment to the credit of all of amateur radio, when organized into effective interconneet ion of cities and towns.
The successful operation of a net depends a
lot on the Net Control Station. This station
should be chosen carefully and be one that will
not hesitate to enforce each and every net rule
and set the example in his own operation.
A progressive net grows, obtaining new members both directly and through other net members. Bulletins may be issued at intervals to keep
in direct contact with the members regarding
general net activity, to keep tab on net procedure
and make suggestions for improvement, to keep
track of active members and weed out inactive
ones.
Official Relay Stations at key points are organized into numerous section and local networks
and feeder systems for the purpose of efficient
dispatch of traffic. Speedy and reliable work is
carried on, the operation entirely on separate
spot frequencies in the 3.5-Me, amateur band.
Radio Club Affiliation
ARRL is pleased to grant affiliation to any
amateur society having ( 1) 51% of the voting
club membership made up of licensed United
States or Canadian amateurs, and (2) 51% of its
licensed amateurs also members of ARRL.

Where a society has common aims and wishes
to add strength to that of other club groups to
strengthen amateur radio by affiliaticm with the
tuitional amateur organization, a request addressed to the Communications Manager will
bring the necessary forms and information to
initiate the application for affiliation. Such clubs
receive field-organization bulletins and special
information at intervals for posting on club bulletin boards or for relay to their memberships. A
travel plan providing communications, technical
and secretarial contact from the Headquarters is
worked out seasonally to give maximum benefits t
oas many as possible of the several hundred
act iv(' affiliated radio clubs. Papers on club work,
suggestions for organizing, for constitutions, for
radio courses of study, etc., are available on
request.
Club Training Aids
One section of the ARRL Communications
Department handles the Training Aids Program. This program is aservice to ARRL affiliated clubs. Material is supplied for club programs
aimed at education, training and entertainment
of club members, to make your club meetings
more interesting and consequently better attended.
Training Aids include such items as motionpicture films, film strips, slides, and lecture outlines. Also, code-proficiency training equipment
such as recorders, tape transmitters and tapes
will be loaned when such items are available.
All Training Aids materials are loaned free
(except for shipping charges) to ARRL affiliated
clubs. Numerous groups use this ARRL service
to good advantage. If your club is affiliated but
has not yet taken advantage of this service, you
are missing a good chance to add the available
features to your meeting programs and general
club activities. Watch club bulletins and QST
or write the ARRL Communications Department for full details.

111

W1AW

The Maxim Memorial Station, W1AW, is
dedicated to fraternity and service. Operated
by the League headquarters, W1AW is located
about four miles south of the Headquarters offices on aseven-acre site.
The station
is on the air
daily, except
holidays, and
available
time is divided between
different
bands and
modes. Telegraph and 'phone transmitters are
provided for all bands from 1.8 to 144 Mc. The
normal frequencies in each band for C.W. and
voice transmissions are as follows: 1885, 3555,
3950, 7130, 14,100, 14,280, 28,060, 29,000, 52,000
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and 146,000 kc. Operating-visiting hours and the
station schedule are listed every other month in

¡rile

QST.
All amateurs are invited to visit W1AW, a›
well as to work the station from their
shacks. The station was established to be a I
L\ ing memorial to Hiram Percy Maxim and to carry
on the work and traditions of the amateur fra-
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•

OPERATING ACTIVITIES

Within the ARRL field organization there are
several special activities. The first Saturday
night each month is set aside for all ARM.
officials, officers and directors to get together
over the air from their own stations. This activity is known to the gang as Lo-MTE. For
all appointees, quarterly tests called CD parties are scheduled to develop operating ability
and aspirit of fraternalism.
In addition to these special activities for appointees and members, ARRL sponsors various
other activities open to all amateurs. The DXminded amateur may participate in the Annual
ARRL International DX Competition during
February and March. This popular contest may
bring you the thrill of working new countries.
Then there is the ever-popular Sweepstakes in
November. Of domestic scope, the SS affords the
opportunity to work new states for that WAS
award. For the 28-Mc. gang there is the
ml TenMeter WAS Contest held each year.
terests of v.h.f. enthusiasts are also provided for
in special activities planned by ARRL.
As in all our operating, the idea of having a
good situe is combined in the Annual Field Day
with the more serious thought of preparing ourselves to render public service in times of emergency. A premium is placed on the use of equipwithout connection to commercial power
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all amateur bands may be used. A card from the District of
Columbia may be submitted in lieu of one from Maryland.
2) Contacts with all forty-eight states must be made
from the same location. Within a given community one
locaion may be defined as from places no two of which are
nio -ethan 25 miles apart.
Contacts may be made over any period of years, and
may have been made any number of years ago, provided
only that all contacts are from the same location.
4) Forty-eight QSI. cards, or other written communications from stations worked confirming the necessary twoway contacts, must be submitted by the applicant to ARRL
headquarters.
5) Sufficient postage must he sent with the confirmations
to finance their return. No correspondence will 'be returned
unless sufficient postage is furnished.
6) The WAS award is available to all amateint.
7) Address all applications and confirmations to the
Communications Department, ARRL, 38 La Salle Road,
West Hartford, Conn.

sources. Clubs and individual groups always have
maent
good time in the " FD," learn much about the
re quirements for knockabout condit ions afield.
ARRL contest activities are diversified to
appeal to all operating interests, and will be
found announced in detail in issues of QST
preceding the different events,

•

AWARDS

The League-sponsored operating activities
heretofore mentioned have useful objectives
and provide much enjoyment for members of
the fraternity. Achievement in amateur radio
is recognized by various certificates offered
through the League and detailed below.
WAS Award

DX Century Club Award
Here are the rules under which the DX Century Club Award will be issued to amateurs who
have worked and confirmed contact with 100
countries in the postwar period. If you worked
fewer than 100 countries before the war and have
since worked and confirmed a sufficient number
to make the 100 mark, the DXCC is still available to you under the rules detailed on page 74 of
June,
1946,
QST.Club
1) The
Century

Award Certificate for

contacts
100 orinmo
re world.
countries
amateurs with
everywhere
the

is

confirmed

available

to

all

2) Confirmations must be submitted direct to ARRL
headquarters for all countries claimed. Claims for atotal of
100 countries must be included with first application. Confirmation from foreign contest logs may be reluested in the
ease of the ARRL International DX Competition only,
subject to the following conditions:
a) Sufficient confirmations of other types must be submitted so that these, plus the DX Contest confirmations,
will total 100. In every case, Contest confirmations must
not be requested for any countries from which the applicant
has regular confirmations. That is, contest confirmations
will be granted only in the case of countrte from which
applicants have no regular confirmations.
b) Look up the contest results as published in QST to
see if your man is listed in the foreign scores If he isn't, he
did not send in alog and no confirmation is possible.
c) Give year of contest, date and time of QS0.
d) In future DX Contests do not request confirmations
until after the final results have been published, usually in
one of the early fall issues. Requests before this time must

WAS means " Worked All States." This
award is available regardless of affiliation or
nonaffiliation with any organization. Here are
the few simple rules to follow in applying for
aWAS Certificate:

be 3rT
ries
Countries List, printed periodically in
QST, will be used in determining what constitutes a " country." The Miscellaneous Data chapter of this Handbook
contains
the Postwar must
Countries
List.
4) Confirmations
be accompanied
by a list of

1) Two-way communications must be established on the

claimed countries and stations to aid in checking and for

amateur bands with all forty-eight United States; any and

future reference.
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5) Confirmations from additional countries may be submitted for credit each time ten additional confirmations are
available. Endorsements for affixing to certificates and
showing the new confirmed total ( 110, 120, 130, etc.) will be
awarded as additional credits are granted. ARRL DX
Competition logs from foreign stations may be utilized for
these endorsements, subject to conditions stated under (2).
6) All contacts must be made with amateur stations
working in the authorized amateur bands or with other stations licensed to work amateurs.
7) In cases of countries where amateurs are licensed in
the normal manner, credit may be claimed only for stations
using regular government-as.signed call letters. No credit
may be claimed for contacts with stations in any countries
in which atnabeurs have been temporarily closed down by
special government edict where amateur licenses were formerly issued in the normal manner.
8) All stations contacted must be " land stations" . . .
contacts with ships, anchored or otherwise, and aircraft,
cannot be counted.
9) All stations must be contacted from the same call
area, where such areas exist, or from the same country in
cases where there are no call areas. One exception is allowed
to this rule: where a station is moved from one call area to
another, or from one country to another, all contacts must,
be made froto within a radius of 150 miles of the initial
location.
10) Contacts may be made over any period of years from
November IS, 1945, provided only that all contacts be made
under the provisions of Rill, 9, and by the saute station
licensee; contacts may have been made under different call
letters in the sanie area (or country), if the licensee for all
was the same.
II) All confirmations must be submitted exactly as received from the stations worked. Any altered or forged confirmations submitted for CC credit will result in disqualifiealion of the applicant. The eligibility of any DX( C applicant
who was ever barred from DXCC to reapply, alIll the conditions for such application, shall be determined by the
Awards ('ommittee. Any holder of the Century Club Award
submitting forged or altered confirmations must forfeit hiright to be considered for further endorsements.
12) OPERATING ETHICS: Fair play and good sportsmanship in operating are required of all amateurs working
toward the DX Century Club Award. In the event of specific
objections relative to continued poor operating ethics an
individual may be disqualified from the DXCC by action
of the ARRL Awards Committee.
13) Sufficient postage for the return of confirmations
must be forwarded with the application. In order to insure
the safe return of large batches of confirmations, it is suggested that enough postage be sent to make possible their
return by first-class mail, registered.
14) Decisions of the ARRL Awards Committee regarding interpretation of the rules as here printed or later
amended shall lie final.
15) Address all applications and confirmations to the
Communications Department, ARRL, 38 La Salle Road,
West Hartford 7, Conn.

WAC Award
The International Amateur Radio Union
issues WAC ( Worked All Continents) certificates
to all members of member-societies who submit
proof of two-way communication with at least
one station on each continent. Foreign amateurs
submit their proof direct to member-societies
of the IARU. Others may make application to
ARRL, headquarters society of the Union. A
c.w. and a telephony certificate are available.
Also, special endorsement will be placed on certificates upon receipt of request accompanied
by proof of having worked all continents on 50
Mc.
Code Proficiency Award
Many hams can follow the general idea of a
contact " by ear" but when pressed to " write
it down" they " muff" the copy. The Code

Proficiency Award invites every amateur to
prove himself as a proficient operator, and sets
up a system of awards for step-by-step gains
in copying proficiency. It enables every amateur
to check his code proficiency, to better that proficiency, and to receive a certification of his receiving speed.
This program is a whale of a lot of fun. The
League will give a certificate to any licensed
radio amateur who demonstrates that he can
copy perfectly, for at least one minute, plainlanguage Continental code at 10, 15, 20, 25, 30 or
35 words per minute, as transmitted during
special monthly transmissions from W1AW,
or from W6OWP and wrime.
As part of the ARRL Code Proficiency program W1AW transmits plain-language practice
material evenings, Monday through Friday, at
speeds from 5 to 35 w.p.m. All amateurs are
invited to use these transmissions to increase

rite %trios Badk Rciay
/nee* ol jentleiffl in %teen
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their code-copying ability. Non-amateurs are
invited to utilize the lower speeds, 5, 7 and 10
w.p.m., which are transmitted for the benefit of
persons studying the code in preparation for the
amateur license examination. Refer to any issue
of QST for details of the practice schedule.
Rag Chewers Club
The Rag Chewers Club is designed to encourage friendly contacts and discourage the
"hello-good-by" type of QS0. Its purpose is to
bond together operators interested in honest-togoodness rag-chewing over the air. Membership certificates are available.
How To Get in: ( 1) Chew the rag with a member of the
club for at least a solid half hour. This does not mean a half
hour spent in trying to get a message over through had
QRM or QRN, but asolid half hour of conversation or message handling. (2) Report the conversation by card to The
Rag Chewers Club, ARRL, Communications Department,
West Hartford, Conn., and ask the member station you talk
with to do the same. When both reports are received you
will be sent a membership certificate entitling you to all the
privileges of a Rag Chewer.
How To Stay in: ( I) Be a conversationalist on the air instead of one of those tongue-tied infants who don't know any
words except " cuagn" or " cul," or " QRU" or " nil." Talk
to the fellows you work with and get to know them. (2)
Operate your station in accordance with the radio laws and
ARRL practice. (3) Observe rules of courtesy on the air.
(4) Sign " RCC " after each call so that others may know
you can talk as well as call.
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OPERATING A STATION
A-1 Operator Club

Old Timers Club

The A-1 Operator Club should include in its
ranks every good operator. To become a member, one must be nominated by at least two
operators who already belong. General keying
or voice technique, procedure, copying ability,
judgment and courtesy all count in rating candidates under the club rules detailed at length in
Operating an Amateur Radio Station. Aim to
make yourself a fine operator, and one of these
days you may be pleasantly surprised by an invitation to belong to the A-1 Operator Club, which
carries a worth-while certificate in its own right.

The Old Timers Club is open to anyone who
holds an amateur call at the present time, and
who held an amateur license (operator or station) 20-or-more years ago. Lapses in activity
during the intervening years are permitted.
If you can qualify as an " Old Timer," send
us a brief chronology of your ham career, being
sure to indicate the date of your first amateur
license, and your present call. If the evidence
submitted proves you eligible for the OTC,
you will be added to the roster and will receive
a membership certificate.

Braes Pounders League
Every individual reporting more than a specified minimum in official monthly traffic totals is
given an honor place in the QST listing known
as the Brass Pounders League and a certificate
to recognize his performance.
The value to amateurs in operator training,
and the utility of amateur message handling
to the members of the fraternity itself as well as
to the general public, make message-handling
work of prime importance to the fraternity.
Fun, enjoyment, and the feeling of having done
something really worth while for one's fellows is
accentuated by pride in message files, records,
and letters from those served.

•INVITATION
Amateur radio is capable of giving enjoyment, self-training, social and organization benefits in proportion to what the individual amateur
puts into his hobby. All amateurs are invited to
become ARRL members, to work toward awards,
and to accept the challenge and invitation offered in field-organization appointments. Drop
a line to ARRL Headquarters for the booklet
Operating an Amateur Radio Station, which has
detailed information on the field-organization appointments and awards. Accept today the invitation to take full part in all League activities and
organization work.

SEE NEXT PAGE
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Operating an Amateur Radio Station
covers the details of practical amateur operating.
In it you will find information on Operating Practices, Emergency Communication, ARRL Operating Activities and Awards, the ARRL Field
Organization, Handling Messages, Network
Organization, "Q" Signals and Abbreviations
used in amateur operating, important extracts
from the FCC Regulations, and other helpful
material. It's a handy reference that will serve
to answer many of the questions concerning
operating that arise during you- activitiee on
the air.

CO.

If you as alicensed amateur should ever find
yourself in a position to serve during an emergency, there are a lot of things you will wish
you had known beforehand. You will do the
best you can, and those you serve will sing your
praises — but you yourself will realize that had
you been better prepared you could have done
more and done it more effectively. The booklet
Emergency Communications would have told
you all you needed to know. You should have
had it, studied it, and followed up its advices.
Don't wait until the emergency is upon you to
wonder what you should do and how you should
do it. Get a copy of Emergency Communications and make your preparations now!

The two publications described above
may be obtained without charge by
any Handbook reader. Either or
both will be sent upon request.

AMERICAN RADIO RELAY LEAGUE
38 La Salle Road
West Hartford 7, Connecticut, U. S. A.
Mease send me, without charge, the following:
OPERATING All AMATEUR RADIO STATION
EMERGENCY COMMUNICATIONS
Name
Plectse Print)

Addreqs
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Miscellaneous Data
•THE DECIBEL
In most radio communication the received
signal is converted into sound. This being the
case, it is useful to appraise signal strengths in
terms of relative loudness as registered by the
ear. A peculiarity of the ear is that an increase

Gains (increases) expressed in decibels may be
added arithmetically; losses ( decreases) may
be subtracted. A power decrease is indicated
by prefixing the decibel figure with a minus
sign. Thus + 6 db. means that the power has
been multiplied by 4, while — 6 db. means
that the power has been divided by 4. The
chart may be used for other ratios by adding
(or subtracting, if aloss) 10 db. each time the
ratio scale is multiplied by 10, for power ratios;
or by adding (or subtracting) 20 db. each time
the scale is multiplied by 10 for voltage or
current ratios.

•INDUCTANCE
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Ratio

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 aperson estimates that
the signal is " twice as loud" when the transmitter power is increased from 10 watts to
40 watts, he will also estimate that a400- watt
signal is twice as loud as a 100- watt signal. In
other words, the ear has alogarithmic response.
This fact is the basis for the use of the
relative- power unit called the decibel. A change
of one decibel ( abbreviated db.) in the power
level is just detectable as achange in loudness
under ideal conditions. The power ratio and
decibels are related by the following formula:

OF SMALL COILS

Most inductance formulas lose accuracy when
applied to the small coils used in v.h.f. work and
in low-pass filters built for reducing harmonic
interference to television, because the conductor
thickness is no longer negligible in comparison
with the size of the coil. The accompanying chart
shows the measured inductance of typical coils
used for these purposes, and may be used as a
basis for circuit design. Two curves are given:
curve A is for coils wound to an inside diameter
of
inch; curve B is for coils of 3
% inch inside
diameter. In both curves the wire size is No. 12,
winding pitch 8turns to the inch (% inch centerto-center turn spacing). The inductance values
given include leads
inch long.
2.0

LO

P2

Db. = 10 log —
Pr
Common logarithms ( base 10) are used.
Note that the decibel is based on power
ratios. Voltage or current ratios can be used,
but only when the impedance is the same for both
values of voltage, or current. The gain of an
amplifier cannot be expressed correctly in db.
if it is based on the ratio of the output voltage
to the input voltage unless both voltages are
measured across the same value of impedance.
When the impedance at both points of measurement is the same, the following formula may
be used for voltage or current ratios:
V2

/2

Db. = 20 log- or 20 log —
VI
/1
The two formulas are shown graphically in
the accompanying chart for ratios from 1to 10.

03

02

A

NO. 12 BARE WIRE
URNS PER INCH
A-100100 DtA.
15-1145 DE DIA w

0
0.07
0.06
005
004

o
NO. Or TURNS

15

20

Measured inductance of coils wound with No. 12 bare
wire, 8turns to the inch. l'he values include half-inch
leads. Where smaller inductance values are required,
they should be obtained experimentally by adjusting to
the proper resonance frequency with the specified capacitance. Coils of larger inductance can be wound from
the common formulas.
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INDUCTANCE, CAPACITANCE AND FREQUENCY CHART — 1.5-40 MC.
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This chart may be used to find the values of inductanee and capaeitance required to resonate at any given frequency in the mediums or high-frequeney ranges: or, ' ,inversely, to find the frequeney to 'ditch any given coil:
condenser combination will tune. In the example shown by the dashed linVS. a vondensvr ha, aminimum eapacitanee
of 15 mph'. and a maximum capacitance of 50 pedd. If it is to is it:ed with a coil of 10 pli. inductance_ what frequency range will be covered? The straightedge is eonnected bet .een 10 on the left-hand : cal,. arid 13 tni the right.
giving 13 Me. as the high- frequency limit. Keeping the straightedge at 10 on the left-hand safe, the other end
swung to 50 on the right-hand scale, giving alow-frequeney limit of 7.1 \ lc. The tuning range would, therefore, lie
from 7.I Mc. to 13 Mc., or 7100 ke. to 13,000 ke. The ri-nter scale also serves to C011 vert frequency to mayclength.
The range of the chart can be extended by multiplying each of the scales by 0.1 or lo„ In the example above, if
the capacitances are 150 and 500 pad. and the induetance 100 ph., the range bevontes approximately 231 to - 122
meters or 0 .7 to
Alternative's'. 1.3 to 5mpfd. and 1el. W ill give arange of approximately 71 to 1311 Me.
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MISCELLANEOUS DATA
INDUCTIVE AND CAPACITIVE REACTANCE VS. FREQUENCY CHART
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By use of the chart above the approximate reactance of any capacitance from 1.0 »dd. to 10 pfd. at any frequency from 100 cycles to 11:10 megacycles, or the reactance of any inductance from 0.1 ph. to 1.0 henry, can be
read directly. Intermediate values can be estimated by interpolation. In making interpolations, remember that the
rate of change between lines is logarithmic. Use the frequency or reactance scales as a guide in estimating intermediate values on the capacitance or inductance scales.
This chart also can be used to find the approximate resonance frequencies of LC combinations, or the frequency to
which agiven coil-and-condenser combination will tune. First locate the respective slanting lines for the capacitance
and inductance. The point where they intersect, i.e., where the reactances are equal, is the resonant frequency
(projected downward and read on the frequency scale).

•

VOLTAGE DECAY
IN RC CIRCUITS

The accompanying chart enables calculation
of the instantaneous voltage across the termi100
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•FILTERS
The filter sections shown on the facing page
can be used alone or, if greater attenuation and
sharper cut-off are required, several sections
can be connected in series. In the low- and
high-pass filters, f,, represents the cut-off frequency, the highest ( for the low-pass) or the
lowest (for the high-pass) frequency transmitted without attenuation. In the bandpassfilter designs, fi is the low-frequency cut-off
and 12 the high- frequency cut-off. The units
for L, C, R and fare henrys, farads, ohms and
cycles, respectively.
All of the types shown are for use in an unbalanced line (one side grounded), and thus
they are suitable for use in coaxial line or any
other unbalanced circuit. To transform them
for use in balanced lines (e.g., 300-ohm transmission line, or push-pull audio circuits), the
series reactances should be equally divided
between the two legs. Thus the balanced constant-kr-section low-pass filter would use two
inductances of avalue equal to Lk/2, while the
balanced constant- k ysection high-pass filter
would use two condensers of a value equal to
2Ck.
If several low- (or high-) pass sections are to
be used, it is advisable to use m-derived end
sections on either side of a constant-ksection,
although an in-derived center section can be
used. The factor in relates the ratio of the cutoff frequency and f, a frequency of high attenuation. Where only one in-derived section
is used, a value of 0.6 is generally used for m,
although adeviation of 10 or 15 per cent from
this value is not too serious in amateur work.
For avalue of in = 0.6, fwill be 1.25.4 for the
low-pass filter and 0.8.4 for the high-pass filter.
Other values can be found from
fit =

‘/1 — (0

2

least a five-section filter is required. The coils
should be as high-Q as possible, and mica condensers are the most suitable capacitors.
Low-pass and high-pass filters for harmonic
suppression and receiver-overload prevention
in the television frequencies range are usually
made with self-supporting coils and mica or
ceramic condensers, depending upon the power
requirements.
In any filter, there should be no magnetic or
capacity coupling between sections of the filter
unless the design specifically calls for it. This
requirement makes it necessary to shield the
coils from each other in some applications, or
to mount them at right angles to each other.
Further information on filter design can be
found in the following articles:
Bennett, " Audio Filters for Eliminating
QRM," QST, July, 1949.
Berry, " Filter Design for the Single-Sideband
Transmitter," QST, June, 1949.
Buchheim, " Low- Pass Audio Filters," QST,
July, 1948.
Grammer, " Pointers on Harmonic Reduction," QST, April, 1949; " High-l'ass Filters
for TVI Reduction," QST, May, 1949.
Mann, " An Inexpensive Sideband Filter,"
QST, March, 1949.
Rand, " The Little Slugger," QST, February,
1949.
Smith, " Premodulation Speech Clipping and
Filtering," QST, February, 1946; " More on
Speech Clipping," QST, March, 1947.

•TUNED- CIRCUIT

RESPONSE

The graph below gives the response and
phase angle of a high- Q parallel- tuned circuit.
LO

for the low-pass filter and
u
4.a

/72 =

)2 for the high-pass filter.

The filters shown should be terminated in a
resistance = R, and there should be little or no
reactive component in the termination.
Simple audio filters can be made with powdered-iron-core chokes and paper condensers.
Sharper cut-off characteristics will be obtained
with more sections. The values of the components can vary by ± 5% with little or no
reduction in performance. The more sections
there are to a filter the greater is the need for
accuracy in the values of the components.
High-performance audio filters can be built
with only two sections by winding the inductances on toroidial powdered-iron forms — it
generally takes three sections to obtain the
same results when using other inductances.
Sideband filters are usually designed to
operate in the range 10 to 20 kc. Their attenuation requirements are such that usually at

11(
3

a

OA
30

05

07

10

2

3

4 5 6

6
°

CYCLES OFF RESONANCE
QX RESONANT FREQUENCY

Circuit Q is equal to
27rfRC or

2wIL

where L and C are the inductance and capacitance at the resonant frequency, f, and R is
the parallel resistance across the circuit. The
curves above become more accurate as the circuit Q is higher, but the error is not especially
great for valties as low as Q = 10.
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Cz

T

Constant- k Tsection

L -- (f2 -f'
)R
1K- 4n
_f2,

m- derived end sections for use
witk intermediate ir section

m- derived ir section.

Constant - k IT section

CZ = rr(f, f
2)R

.
Three

- element Tsection

R
=172-67'fi) Ci= CIK

4nff2R
.

L2-L
2K

1,_(Lt.fA't
L2- 4n f, f2 '-2tfOR

is in 011111s, (: in farads, L in henrys, and f in cycles per second.
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CHAPTER 26
GERMANIUM CRYSTAL DIODES

Type

Use

1N34
1N34A

General

Max.
Peak Max.
Inverse Rectird Surge
Volts
Ma.
Ma.

1

1N35

Max.
Revene
pr-Amp.

Max.
Average
Mo.

60

150

300

50® 10 V.
11001g 50V

40

30

60

100

10 © 10 V.

22.5

150

500

® 3V"
625 @ 100 V.

40

IN38
1N311A

100-Volt
Diode

100

1N39

200-Volt
Diode

200

11440 1

Varistor

25

11441t

Veda.»

25

1N42 2

Varistor

50

60

100

6 ® 3 V625 @ 100 V.

22.5

125

500

850 © 50 V.

40

1000® 50 V.

40

11443

Varistor

604

6

®

150

500

MO 03 100 V.

® 1.5

40

11460

Vid. Det.

25

150

500

30

11'461

Diode

130

150

500

300 @ 100 V.

40

130

400

SO

®50 V.

50

50

Gerberal

125

60

100

SO® 10V.

22.5

er
l

Vid. Def.

20

60

100 50

elf) V.

22.5

11465
05G,

Hi Back
Resistance

85

ISO

400

200 @ 50 V.

SO

1N662

General

60

150

500

800 @ 50 V.

50

11467

HI Back
Resistance

80

100

500

50

IN611

Restorer

100

100

500 625 @ 100 V.

35

400

850® 50 V.

40

350 410 (ai 50 V.

30

75 4

100

400 410

11144

Vernier

604

125

500

11447

Voristor

115 4

100

90

400

350 410

130

400

®50 V.

1300 g 50 V.

833

®50 V.
®30 V.

40
40
30
SO

INS1
G5C,

General

1N52
G503

General

85

150

400

150® SO V.

50

1N54
1N54A

Hi Back
Resistance

35

150

500

10 @ 10 V.

40

31455
INSSA

150-Volt
Diode

150

150

SOO

IN56
1N56A

HI-Conduction

40

200

1000

1N57

Diode

80

50

100

Max.
Average
Mo.

1N63
GSE.

Varistor

85

100-Volt
Diode

Max.
Raven*
p-Amp.

40

Vernier

General

1N5 8
1N58A

Max.
Peak Max.
linen* Rectird Surge
Volts
Ma.
Ma.

200
100 V.
BOO® 200 V.

11445

1N411
GS,

Use

SOO

150

11144

1154

Type

100

300

1667 @ 30 V.

25

306

® Ile V.
800 ® 130V.

40

300 @ 30 V.

50

11469

General

75

125

11470

General

125

90

111711

Varistor

1N721
G7 3

SOO

SOO @ 75 V.

40

--•

®50 V.

—.

35

504

200

1000

300 © 30 V.

60

U.H.F.

2

75

.—

•-•

25

11173

Quad

75

60

100 50

1N74

Quad

75

60

100

11475

General

125

150

400

50 0 50 V.

60

150

500

BOO® 50 V.

50

40

125

300

—

35

a(70, Ge .. « .
1

CK706

Vid. Det t

CK707 Restorer

150

—

CK7011

Restorer

CK710

U.H.F. Mix.

e10 V.
—

22.5
22.S

®so V.

50

80

100

500

100

100

500 625 @ 100 V.

35

5

75

—

25

100

500 (al 2V.

35

Ratings given are for individual diodes. Average life is over 10,000 hours. Ambient temperature range for all types— — 50° C.
to + 75° C. Average shunt capacitance — 0.8 amfd. Units with A suffix are glass types.
1 Matched dual diode.
4 Min. reverse volts for

2

zero dynamic resistance.

Unit has four matched diodes.

MINIATURE

Manufacturer
Federal Telephone
and Radio Corporation
.8

rr
r.
..
..
General Electric Co.
I.

Radio Receptor
Company, Inc.
...

SELENIUM

3

G.E. designation.

RECTIFIERS

Max.
A.C.
Volts

Peak
Inverse
Volts

40203200

117

380

—

—

30

Half-Wave

40202788 #
40203150A

117

380

900

220

75

Half-Wave

40302625
403D2625A

117

380

1200

325

100

Half-Wave

—

—

—

100

Half-Wave

Type Number

40203151

18

Peak
Curren t
Ma.

Max.
R.M .S.
Mo.

Max. D.C.
Output

M a.

402D3239A

160

—

—

—

75

403D3240A

160

—

—

—

100

6RSSGH2

117

380

650

163

65

Rectifier
Service

Doubler
Doubler
Half-Wave

6RS5GH 1

117

380

750

187

75

Half-Wave

5L1

117

380

—

—

75

Half-Wave

SM1

117

380

—

—

100

Half-Wave

# Circular plates—discontinued.
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MISCELLANEOUS DATA
PILOT- LAMP DATA

SYMBOLS FOR ELECTRICAL QUANTITIES
Admittance
Angular velocity (2/rf)
Capacitance
Conductance
Conductivity
Current
Difference of potential
Dielectric constant
Dielectric flux
Energy
Frequency
Impedance
Inductance
Magnetic intensity
Magnetic flux
Magnetic flux density
Magnetomotive force
Mutual inductance
Number of conductors or turns
Period
Permeability
Phase displacement
Power
Quantity of electricity
Reactance
Reactance, Capacitive
Reactance, Inductive
Reluctivity
Resistance
Resistivity
Susceptance
Speed of rotation
Voltage
Work

1, y

RA TING
Lamp
No.

Bead
Base
Color (Miniature)

Bulb
Type

G, g
I, i
E, e
w

z, z

44

Volts

Amp.

40

Brown

Screw

T-3%

6-8

0.15

inA

Brown

Bayonet

T-3%

6-8

0.15

it

White

Screw

T-3%

2.5

0.5

12

Green

Screw

T-3%

3.2

* *

13

White

Bayonet

T-3%

2.5

0.5

tt

Blue

Bayonet

T-3%

6-8

•

Bayonet

T-3%

3.2

0 25
its

15

Blue

Screw

T-3%

6-8

0.25

17'

Brown

Bayonet

T-3%

6-9

0.15

1,

Pink

Screw

T-3%

2.0

0 06

t
9

Pink

Bayonet

T-3%

2.0

0.06

White

Screw

T-3%

2.1

0.12

Bayonet

T-3%

2.1

0.12

S'

•

19A White
:in

White

Screw

G-3%

6-8

0.2

51'

White

Bayonet

G-3%

6-8

02

White

Screw

G-4 %

6-8

04

o

55

White

Bayonet

G-4%

6-8

0.4

292'

White

Screw

T-3%

2.9

0.17

P, P

292A'

White

Bayonet

T-3%

2.9

0.17

1455

Brown

Screw

G-5

18.0

0.25

I455A

Brown

Bayonet

G-5

18.0

0.25

Q, q
x,
xc
XL
R, r

E, e
IV

*Wh .te in G.E. and Sylvania; green in National
Union Raytheon and Tung-Sol.
44 0.35 in G.E. and Sylvania; 0.5 in National Union
Raytheon and Tung-Sol.
I40A and 47 are interchangeable.
2 Have frosted bulb.
5 49 and 49A are interchangeable.
Replace with No. 48.
5 Use in 2.5-volt sets where regular bulb burns out
too frequently.

ABBREVIATIONS FOR ELECTRICAL AND RADIO TERMS
Alternating current
Ampere (amperes)
Amplitude modulation
Antenna
Audio frequency
Centimeter
Continuous waves
Cycles per second
Decibel
Direct current
Electromotive force
Frequency
Frequency modulation
Ground
Henry
High frequency
Intermediate frequency
Interrupted continuous waves
Kilocycles ( per second)
Kilovolt
Kilowatt
Magnetomotive force

a.c.
a.
AM
ant.
ai.
C111.
C.W.
c.p.s.
db.
d.c.
e.m.f.
f.
FM
gnd.
h.
h.f.
i.f.
i.c.w.
kc.
kv.
kw.
m.m.f.

Medium frequency
Megacycles (per second)
Megohm
Meter
Microfarad
Microhenry
Micromicrofarad
Microvolt
Microvolt per meter
Microwatt
Milliampere
Millivolt
Milliwatt
Modulated continuous waves
Ohm
Power
Power factor
Radio frequency
Ultrahigh frequency
Very-high frequency
Volt ( volts)
Watt (watts)

m.f.
Mc.
Mít
m.
pfd.
ph.
ppfd.
pv.
µV . M.
µvv.
ma.
mv.
MW.
M .C.W.

P•f•
r.f.
u.h.f.
v.h.f.
V.
w.
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CHAPTER 26
ELECTRICAL CONDUCTIVITY OF METALS
Relative
Condurtirity

Aluminum (2S; pure)
Aluminum (alloys):
Soft-annealed
Heat-treated
Brass
Cadmium.
Chromium
Climax
Cobalt
Constantin
Copper (hard drawn)
Copper (annealed)
Everdur
German Silver ( 18'.)
Gold
Iron (pure)
Iron (cast)
Iron ( wrought)
1 At

59

0.0049

45-50
30-45
28
19
55
1.83
16.3
3.24
89.5
100
6
5.3
65
17.7
2-12
11.4

20° C., based on copper as 100.

Temp. Coef. 2
of Resistance

2Per

Relative
y

0.00019

Lead
Manganin
Mercury
Molybdenum
Monel
Nichrome
Nickel
Phosphor Bronze
Platinum
Silver
Steel
Tin
Tungsten
Zinc

0.006

Approximate relations

0.002-0.007

0.00002
0.004

°C. at 20° C.

7
3.7
1.66
33.2
4
1.45
12-16
36
15
106
3-15
13
28.9
28.2

Temp. Covf. ,
of Resistance
0.0041
0.00002
0.00089
0.0033
0.0019
0.00017
0.005
0.004
0.004
0.0042
0.0045
0.0035

An increase of 1in A. W. G. or B. & S. wire size increases
resistance 25%.
An increase of 2 increases resistance 60%.
An increase of 3 increases resistance wog.
An increase of 10 increases resistance 10 times.

INTERNATIONAL PREFIXES
AAA-ALZ
AMA-AOZ
APA-ASZ
ATA -AW Z
AXA-AXZ
AYA-AZZ
CAA-CEZ
CFA-CKZ
CLA-CMZ
CNA-CNZ
COA-COZ
CPA-CPZ
CQA-CRZ
CSA-CUZ
CVA-CXZ
CYA-CZZ
DAA-DMZ
DNA-DQZ
DRA-DTZ
DUA-DZZ
EAA-EHZ
EIA-EJZ
EKA-EKZ
ELA-ELZ
ENIA-EOZ
EPA-EQZ
ERA-ERZ
ESA-ESZ
ETA-ETZ
EUA-EZZ
EAA-EZZ
(;AA-11ZZ
HAA-HAZ
IIBA-HBZ
IICA-HDZ
JIFA- HEZ
ILEA-HEZ
IIGA-11GZ
IIHA-HHZ
ILIA-HIZ
IJA-11 KZ
ILLA-IIMZ
IINA-IINZ
110A-II PZ
HQA-HRZ
HSA-IISZ
HTA-HTZ
HUA-HUZ
IIVA-HVZ
ILZA-HZZ
IAA-IZZ
JAA-JSZ
JTA-JVZ

U.S.A.
Spain
Pakistan
India
Australia
Argentine Republic
Chile
Canada
Cuba
Morocco
Cuba
Bolivia
Portuguese Colonies
Portugal
Uruguay
Canada
Germany
Belgian Congo
Bielortissia
Philippines
Spain
Ireland
U.S.S.R.
Republic of Liberia
U.S.S.R.
Iran
U.S.S.R.
Estonia
Ethiopia
U.S.S.R.
France and Colonies
Great Britain
Hungary
SWitzerland
Ecuador
Switzerland
Poland
Hungary
Republic of Haiti
Dominican Republic
Republic of Colombia
Korea
Iraq
Republic of Panama
Republic of Honduras
Siam
Nicaragua
Republic of El Salvador
Vatican City State
France and Colonies
Saudi Arabia
Italy and Colonies
Japan
Mongolian Republic

JWA-JXZ
JYA-JYZ
JZ.A-JZZ
KAA-KZZ
LAA-LNZ
1.0A-LWZ
I.XA-LXZ
LYA-LYZ
LZA-LZZ
MAA-MZZ
NAA-NZZ
OAA-OCZ
ODA-ODZ
0EA-0EZ
OFA-OJZ
OKA-0111Z
ONA-OTZ
OUA-OZZ
PAA-PIZ
PJA-PJZ
PKA-POZ
PPA-PYZ
PZA-PZZ
QAA-QZZ
RAA-RZZ
SAA-SMZ
SNA-SRZ
SSA-SUZ
SVA-SZZ
TAA-TCZ
TDA-TDZ
TEA-TEZ
TFA-TFZ
TGA-TGZ
THA-THZ
TIA-TIZ
TJA-TZZ
UAA-UQZ
URA-UTZ
UUA-UZZ
VAA-VGZ
VHA-VNZ
VOAVOZ
VPA-VSZ
VTA-VWZ
VXA-VYZ
VZA-VZZ
WAA-WZZ
XAA-XIZ
XJA-XOZ
XPA-XPZ
XQA-XRZ
XSA-XSZ
XTA-XWZ

Norway
Jordan
Netherlands New Guinea
U.S.A.
Norway
Argentine Republic
Luxembourg
Lithuania
Bulgaria
Great Britain
U.S.A.
Peru
Republic of Lebanon
Austria
Finland
Czechoslovakia
Belgium and Colonies
Denmark
Netherlands
Curacao
Netherlands Indies
Brazil
Surinam
(Service abbreviations)
U.S.S.R.
Sweden
Poland
Egypt
Greece
Turkey
Guatemala
Casta Rica
Iceland
Guatemala
France and Colonies
Costa Rica
France and Colonies
U.S.S.R.
Ukranian Republic
U.S.S.R.
Canada
Australia
Newfoundland
British Colonies
India
Canada
Australia
U.S.A.
Mexico
Canada
Denmark
Chile
China
France and Colonies

XXA-XXZ
XYA-XZZ
YAA-YAZ
YBA-YHZ
YIA-YIZ
YJA-YJZ
YKA-YKZ
YLA-YLZ
YMA-YMZ
YNA-YNZ
YOA-YRZ
YSA-YSZ
YTA-YUZ
YVA-YYZ
YZA-YZZ
ZAA-ZAZ
ZBA-ZJZ
ZKA-ZMZ
ZNA-ZOZ
ZPA-ZPZ
ZQA-ZQZ
ZRA-ZUZ
ZVA-ZZZ
2AA-2ZZ
3AA-3AZ
3BA-3EZ
3GA-3GZ
3HA-3UZ
3VA-3\'Z
3WA-3WZ
3YA-3YZ
3ZA-3ZZ
4AA-4CZ
4DA-4IZ
4JA-4LZ
4MA-4MZ
4NA-40Z
4PA-4SZ
4TA-4TZ
4UA-4UZ
4VA-4VZ
4WA-4WZ
4XA-4XZ
4YA-4YZ
5CA-5CZ
6AA-6ZZ
7AA-7ZZ
8AA-8ZZ
9AA-9AZ
9NA-9NZ
9SA-9SZ

Portuguese Colonies
Burma
Afghanistan
Netherlands Indies
Iraq
New Hebrides
Syria
Latvia
Turkey
Nicaragua
Rouniania
Republic of El Salvador
Yugoslavia
Venezuela
Yugoslavia
Albania
British Colonies
New Zealand
British Colonies
Paraguay
British Colonies
Union of South Africa
Brazil
Great Britain
Principality of Monaco
Canada
Chile
China
France and Colonies
Viet- Nam
Norway
Poland
Mexico
Philippines
U.S.S.R.
Venezuela
Yugoslavia
British Colonies
Peru
United Nations
Republic of Haiti
Yemen
Israel
International Civil
Aviation organization
French Morocco
(Not allocated)
(Not allocated)
(Not allocated)
San Marino
Nepal
Saar

Turns per Square Inch 2

Turns per Linear Inch 2
Gauge
NO.
B. & S.

D iam.
in
Masi

Feel per Lb.

Circular
Mil
Area

Enamel

S.S.C.

D.S.C.
or

D.C.C.

S.C.C.

------

Enamel
&c.c.

D.C.C.

--

--

__

__
__
__
--

__.
----

__
__
__
__
__

Bare

D.C.C.

Ohms
per
1000 ft.
28° C.

S.C.C.

1
2
3
4
5
6
7
8
9
10
It
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

1

2
3

289.3
257.6
229.4
204.3
181.9
162.0
144.3
128.5
114.4
101.9
90.74
80.81
71.96
64.08
57.07
50.82
45.26
40.30
35.89
31.96
28.46
25.35
22.57
20.10
17.90
15.94
14.20
12.64
11.26
10.03
8.928
7.950
7.080
6.305
5.615
5.000
4.453
3.965
3.531
3.145

83690
66370
52640
41740
33100
26250
20820
16510
13090
10380
8234
6530
5178
4107
3257
2583
2048
1624
1288
1022
810.1
642.4
509.5
404.0
320.4
254.1
201.5
159.8
126.7
100.5
79.70
63.21
50.13
39.75
31.52
25.00
19.83
15.72
12.47
9.88

-------7.6
8.6
9.6
10.7
12.0
13.5
15.0
16.8
18.9
21.2
23.6
26.4
29.4
33.1
37.0
41.3
46.3
51.7
58.0
64.9
72.7
81.6
90.5
101
113
127
143
158
175
198
224
248
282

---------------18.9
21.2
23.6
26.4
29.4
32.7
36.5
40.6
45.3
50.4
55.6
61.5
68.6
74.8
83.3
92.0
101
110
120
132
143
154
166
181
194

-------7.4
8.2
9.3
10.3
11.5
12.8
14.2
15.8
17.9
19.9
22.0
24.4
27.0
29.8
34.1
37.6
41.5
45.6
50.2
55.0
60.2
65.4
71.5
77.5
83.6
90.3
97.0
104
111
118
126
133
140

--7.1
7.8
8.9
9.8
10.9
12.0
13.8
14.7
16.4
18.1
19.8
21.8
23.8
26.0
30.0
31.6
35.6
38.6
41.8
45.0
48.5
51.8
55.5
59.2
62.6
66.3
70.0
73.5
77.0
80.3
83.6
86.6
89.7

----87.5
110
136
170
211
262
321
397
493
592
775
940
1150
1400
1700
2060
2500
3030
3670
4300
5040
5920
7060
8120
9600
10900
12200
-----

__
---84.8
105
131
162
198
250
306
372
454
553
725
895
1070
1300
1570
1910
2300
2780
3350
3900
4660
5280
6250
7360
8310
8700
10700
-----

---80.0
97.5
121
150
183
223
271
329
399
479
625
754
910
1080
1260
1510
1750
2020
2310
2700
3020
-----------

3.947
4.977
6.276
7.914
9.980
12.58
15.87
20.01
25.23
31.82
40.12
50.59
63.80
80.44
101.4
127.9
161.3
203.4
256.5
323.4
407.8
514.2
648.4
817.7
1031
1300
1639
2067
2607
3287
4145
5227
6591
8310
10480
13210
16660
21010
26500
33410

A mil s 1/1000 (one-thousandth) of an ' nat.
The figures given are approximate only, since the thickness of the insulation varies with different manufacturers.
The current-carrying capacity at 1000 C.M. per ampere is equal to the circular-mil area (Column 3) divided by 1000.

__.1264
__.1593
__.2009
__
.2533
__
.3195
__
.4028
-.5080
19.6
24.6
30.9
38.8
48.9
61.5
77.3
97.3
119
150
188
237
298
370
461
584
745
903
1118
1422
1759
2207
2534
2768
3137
4697
6168
6737
7877
9309
10666
11907
14222

.6405
.8077
1.018
1.284
1.619
2.042
2.575
3.247
4.094
5.163
6.510
8.210
10.35
13.05
16.46
20.76
26.17
33.00
41.62
52.48
66.17
83.44
105.2
132.7
167.3
211.0
266.0
335.0
423.0
533.4
672.6
848.1
1069

Current
Carrying
Capacity
at
lb'00 C.M.

Dism.

in m m.

per
Amp. 3

55.7
44.1
35.0
27.7
22.0
17.5
13.8
11.0
8.7
6.9
5.5
4.4
3.5
2.7
2.2
1.7
1.3
1.1
.86
.68
.54
.43
.34
.27
.21
.17
.13
.11
.084
.067
.053
.042
.033
.026
.021
.017
.011
.010
.008
.006

7.348
6.544
5.827
5.189
4.621
4.115
3.665
3.264
2.906
2.588
2.305
2.053
1.828
1.628
1.450
1.291
1.150
1.024
.9116
.8118
.7230
.6438
.5733
.5106
.4547
.4049
.3606
.3211
.2859
.2546
.2268
.2019
.1798
.1601
.1426
.1270
.1131
.1007
.0897
.0799

Nearest
British

S.W.G.
No.

1
3
4
5
7
8
9
10
11
12
13
14
15
16
17
18
18
19
20
21
22
23
24
25
28
27
29
30
31
33
34
36
37
38
38-M
39-e
41
42
43
44

viva SflOSNUTI3DSHAI

COPPER-WIRE TABLE
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CHAPTER 26
STANDARD METAL GAUGES
Gauge
No.

. 1mei wan
U. S.
or B. cfc S. Standard

Birmingham
or Stubs 3

2

1
2
3

. 2893
. 2576
. 2294

. 28125
. 300
. 265625 . 284
. 25
. 259

4
5

. 2043
. 1819

. 234375
. 21875

6
7
8

. 1620
. 1443
. 1285

. 203125 . 203
. 1875
. 180
. 171875 . 165

A
10
11

. 1144
. 1019
. 09074

. 15625
. 148
. 140625 . 134
. 125
. 120

12
13
14
15
16

. 08081
. 07196
.06408
. 05707
. 05082

. 109375 . 109
. 09375
.095
.078125 .083
. 0703125 . 072
. 0625
. 065

17
18

.04526
. 04030

. 05625
. 05

19
20
21

. 03589
. 03196
. 02846

. 04375
.0375
. 034375

.049
. 042
. 035
. 032

22

. 02535

.03125

.028

23
24

.02257
.
02010

. 028125 . 025
. 025
. 022

25
26

. 01790
. 01594

. 021875
. 01875

27
28
29
30

.
01420
. 01264
.01126
. 01003

.0171875 .016
.015625 .014
. 0140625 . 013
. 0125
.012

31
32
33

.008928
.
007950
. 007080

. 0109375 . 010
.
01015625 . 009
. 009375 . 008

34
35

.
006350
. 005615

.
00859375 .007
. 0078125 . 005

36
37
38

. 005000
. 004453
. 003965

. 00703125
. 006640626
. 00625

39
40

. 003531 . .....
.003145

MUSICAL SCALE
Approximate frequencies of notes of the musical
scale, based on A-440.
(Bottom Octave)
Note
A- I

. 238
. 220

Frequency

28 Middle C 29
31
D3
33
Del
35
IDC46o
E3
/0
37
u _t F3
D#0
a..p
g
F#3
39
E
G3
3o Fo
41
o
44
i
G#3
> -t F#o
46
if:
A3
Go
49
A#3
-0
A
A
G#o
ito
o
52
B3
55
C4
58
e
iC#4
Bo
62
D4
Cl
85
-i
ID#4
041
69
.c_
e 1E4
>
DI
73
u -o
1)41I
78
,,
o . iF#4
El
82
o
I (14
Fl
87
1`. ),
G#4
i41
15:2 1F#1
M
93
rÉ
GI
98
A#4
à
0 81
104
114
Al
110
C5
A4 1
117
e#5
BI
123
Da

c
(N0o3ie
e i#3

A4-1
13-1
feo

. 058

370
392
415
440
466
494
523
554
587
622
659

ei

. 020
. 018

e

..s r.)

8

e.'•
1,

. 004

C4'
"),
2
2

1 02
D

131
156
139
147

F
F42
2
09

165
175
185
196

E22

G#2

208

A2
A#2
B2

220
233
247

I
f C.)
'4'

DM
ES
F5
s „,..., 1 F#5
-to Z G5

e."

1à

G35
IA5

e

B5
C6
C46
D6

e

D46

u

à :13
77:
e

Used for iron, steel, nickel and ferrous alloy
sheets, wire and rods.

e:

2

Used for seamless tubes; also by some manufact rec for copper and brass.
3

IE6
F6

F46
G6

046

A6
B6
C7

698
740
784
831
880

109984
37
82
1109
1175
1
1
3
24195
1397
1480
1568
1661
1760
1865 •
1976
2093
2217
2349
2489
2637
2794
2960
3136
3322
3520
3729
3951
4186

LETTER SYMBOLS FOR VACU U M -TUBE NOTATION

Grid current
Grid conductance
Grid resistance

eg

4

mplification factor
Filament terminal vo l
tage

gg

Plate conductance
Plate resistance
Plate supply voltage

Ef

Filament current
Grid-pl at
e capac i
tance

Plate potential
Plate current

Mutual con ductance
A

Grid bias voltage

Cathode current
Emission current

294
311
330

e: i

IUsed for aluminum, copper, brass and nonferrous alloy sheets, wire arid rods.

Grid potential

262
Fr:27
4u9e7nele

E,,,
lb,
gp
r
i
,

ip

If

Cpp

Grid-cathode capacitance
Plate-cathode capacitance
Grid cap ac it ance

CI*
Cek

(input)

Eb
/c

Plate capacitance ( output)

/.

NOTE.
us - Small letters ref
er
taneo values.

Cg

C,,

to

i
nstan-

MISCELLANEOUS DATA
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GREEK ALPHABET

THE R- S- T SYSTEM
READABILITY

Greek Letter

Greek Name

English
Equivalent

Alpha
Beta
Gamma
Delta
Epsilon
Zeta
Eta
Theta
Iota
Kappa
Lambda
Mu
Nu
Xi
Omicron
Pi
ho
Sigma
Tau
Upsilon
Phi
Chi
Psi
Omega

a

—

Unreadable.
Barely readable, occasional words distinguishable.
3 — Readable with considerable difficulty. •
4 — Readable with practically no difficulty.
— Perfectly readable.
SIGNAL STRENGTH
I
2
3
4
5
6
7

—
—
—
—
—
—
—
—
9 —

d
e
é
th

1
I
2
3
4
5
6
7

—
—
—
—
—
—
—
—
9 —

u
ph
ch
ps
o

Faint signals, barely perceptible.
Very weak signals.
Weak signals.
Fair signals.
Fairly good signals.
Good signals.
Moderately strong signals.
Strong signals.
Extremely strong signals.
TONE
Extremely rough hissing note.
Very rough a.c. note, no trace of musicality.
Rough low-pitched a.c. note, slightly musical.
Rather rough a.c. note, moderately musical.
Musically-modulated note.
Modulated note, slight trace of whistle.
Near d.c. note, smooth ripple.
Good d.c. note, just a trace of ripple.
Purest d.c. note.

If the signal has the characteristic steadiness of
crystal control, add the letter X to the RST report.
If there is a chirp, the letter C may be added to so
indicate. Similarly for a click. add K. The above
reporting system is used on both c.w. and voice,
leaving out the " tone" report on voice.

Q SIGNALS
Given below are a number of Q signals whose meaning, ino..t , tften need to be expressed with brevity and clearness in
amateur work. ( Q abbreviations take the form of questions only when each is sent followed by a question mark.)
QRG

Q1;11
QIII

Will you tell me my exact frequency (or that
of )? Your exact frequency (or that
of ) is
kc.
Dues toy frequency vary? Your frequency varies,
how is the tone of my transmission? The tone of
your transmission is
( 1. Good; 2. Variable;

QSI.,
QSM

Can you acknowledge receipt? Iam acknowledging
receipt.
Shall I repeat the last message which Isent you,
or some previous message? Repeat the last
message which you sent nie For message(s)
number(s)
1.

QRL

3. liad).
QS0
Can you co lllll mnicate with.... direct or by relay?
What is the readability of toy signals (or those
Ican communicate with
direct (or by relay
of
)
9 The readability of your signals (or
through ),
those of ) is
( I. Unreadable; 2. ReadQSP
Will you relay to ? Iwill relay to
able now and then; 3. Readable but with difQSV
Shall Isend a series of Vs on this frequency (or
ficulty; 4. Readable; 5. Perfectly readable). .... kc )? Send a series of Vs on this frequency
Are you busy? I alit busy (or I ant busy with
(or
kc.).
). Please do not interfere.
Are you being interfered with? Iant interfered with.
Are you troubled by static? I am being troubled

QSW

QIIM
QRN
QRQ

by static.
Shall Isend faster? Send faster (

QSX

Will you listen to
on
to
on
kc.

QSY

Shull I change to transmission on another f
requency? Change to transmission on another
frequency (or on.... kc.).
Shall Isend each word or group more than once?
Send each word or group twice (or.... tintes).
Shall Icancel messa ge num ber .... as if i
t had not
been sent? Cancel message number
as if it
had not been sent.
Do you agree with my counting of words? Ido not
agree with your counting of words; Iwill repeat
the first letter or digit of each word or group.

QILK

QRS
QRT
QRU
QRV

words per

min.).
Shall Isend more slowly? Send more slowly (....
w.p.m.).
Shall Istop sending? Stop sending.
Ilave you anything for ine? Ihave nothing for you.
Are you ready? Ian t re ady.
calling hint on
that 1 ant calling

QTA

kc.? Iam listening

QRW

Shall I tell
that you
kc.? Please inform
him on
kc.

QRX

When will you call me again? Iwill

QRZ

at
hours (on
kc.).
Who is calling me? You are being called by

QTC

How many messages have you to send? 1have....
messages for you (or for ).

(on
kc.).
What is the strength of my signals (or those of
)? The strength of your signals (or those

QTH
QTR

What is your location? My location is
What is the exact time? The Hate is

QSA

are

QSZ

Will you send on this frequency (or on....
I am going to send on this frequency (or on
kc.).

ca ll

QTB

you again

of ) is
( 1. Scarcely perceptible; 2.
Weak: 3. Fairly good; 4. Good; 5. Very good).

Special abbreviations adopted by ARRL:
QST
General call preceding a message addressed to all

QSB

Are my signals fading? Your signals are fading.

amateurs and ARM.
,members. This is in effect
" CQ ARRL."

QSD

Is my keying defective? Your keying is defective.

Official ARRI. " land SOS." A distress call for

WC

Site]] I send
messages at a time? Send
messages at a time.

QRRIL

emergency use only by astation in an emergency
situation.
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CHAPTER 26
ABBREVIATIONS FOR C.W. WORK

Abbreviations help to cut down unnecessary transmission. However, make it a rule not to abbreviate unnecessarily
when working an operator of unknown experience.
AA
AB
ABT
ADR
AGN
ANT
BCI
BCL
BK
BN
B4
C
CFM
CK
CL
CLD-CLG
CUD
CUL
CUM
CW
DLD-DLVI)
DX
ECO
Fit
CA
GB
GM
GE
CG
GM
GN
GND
GUI,
HI
HR
HV
HW
LID
MILS
MSG
N
ND
NIL
NR

All after
All before
About
Address
Again
Antenna
Broadcast interference
Broadcast listener
Break; break me; break in
All between; been
Before
Yes
Confirm; Iconfirm
fleck
Iam closing my station; call
Called; calling
f'ould
See you later
Come
Continuous wave
Delivered
Distanee
Eleetron-couttled oscillator
Fine IsisilleSS ; excellent
Go ahead or resume sending)
Cool-by
Give I ,et ter : oldress
Good evening
Going
Good morning
Good night
Ground
Good
The telegraphic laugh; With
Ilere; hear
Have
How
A poor operator
Milliamperes
Massage; prefix to radiogram
No
Nothing doing
Nothing; Ihave nothing for you
Number

W
Alabama
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Idaho.
Illinois
Indiana
Iowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri
Montana

NW
OB
OM
OP-OPR
OSC
OT
PBL
PSE-PLS
PWR
PX
R
RAC
RCD
REF
RPT
SED
SEZ
SIG
SINE
SEED
SRI
SVC
TFC
TNIW
TN X-TES
Tr
TU
TXT
UR-URS
VIO
VV
WA
W It
W D- W DS
W ND-W KG
WL
W I'D
WX
X MTIt
XTAL
VI' ( XYL)
Y I.
73
88

Now; Iresume transmission
Old boy
Old titan
Operator
Oscillator
Old timer; old top
Preamble
Please
Power
Press
Received solid; all right; OK; are
Rectified alternating current
Received
Refer to; referring to; reference
Repeat; Irepeat
Said
Says
Signature; signal
tmerator's personal initials or nickname
Schedule
Sorry
Service; prefix to service message
Traffic
Tomorrow
Thanks
That
Thank you
Text
Your; you're; yours
N'ariable-frequency oscillator
Very
Word after
Word before
Word; words
Worked; working
Well; will
Would
Weather
Transmitter
Crystal
Wife
Young lady
Best regards
-Love and kisses

PREFIXES BY STATES
W4
W7
W5
W6
WO
WI
W3
W3
W4
W4
W7
W9
W9
WO
WO
W4
W5
. WI
W3
WI
WS
WO
W5
WO
W7

Nebraska
Nevada...
New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota .
Tennessee
Texas.
Utah
Vermont
Virgi
Washingt on
West Virginia
Wisconsin
Wyoming

WO
W7
WI
W2
W5
W2
W4
WO
W8
W5
W7
W3
WI
W4
WO
W4
W5
W7
WI
W4
W7
W8
W9
W7
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MISCELLANEOUS DATA
A.R.R.L. COUNTRIES LIST •
AC3
Sikkim
AC4
Tibet
AG2
(See I)
AP
Pakistan
AR8
Lebanon
C (unofficial)
C
China
3
Formosa
C9
Manchuria
CF
Chile
CM, CO
Cuba
CN
French Morocco
Cl'
Bolivia
C114
Cape Verde Islands
CR5
Portuguese Guinea
CR5
Principe, Sao Thome
CR6
Angola
CR7
Mozambique
CR8
Goa ( Portuguese India)
CR9
Macau
('RIO
Portuguese Timor
cr I
Portugal
CT2
Azores Islands
CT3
Madeira Islands
CX
Uruguay
DL
Germany
DU
.
. Philippine Islands
EA
Spain
EA6
Balearic Islands
EA8
Canary Islands
EA9
Spanish Morocco
El
Eire ( Irish Free State)
EK
Tangier Zone
EL
Liberia
EP, EQ
Iran ( Persia)
ET
Ethiopia
F
France
FA
Algeria
FB8... Amsterdam & St.. Paul Islands
1
,138
Kerguelen Islands
FB8
Madagascar
FC
Corsiea
FD8
French Togoland
FES
French Cameroons
FF8
French West Africa
F08
( Itiadeloui ee
F18
French Indo-China
1
,K8
New Caledonia
11.8
French Somaliland
FM8
Martinique
EN
I. reneh 11141.
MS....French Oceania (e.g., Tahiti
FPS...St. Pierm & Miquelon Island,FQ8
French Equatorial Africa
FR8
Reunion Islaisl
Ft 8, YJ
New Ilebrides
FY8
French Guiana & Inini
England
G
GC
Channel Islands
GD
Isle of Man
GI
Northern Ireland
GM
Scotland
GW
%Vales
HA
Hungary
HB
Switzerland
HC
Ecuador
HE
Liechtenstein
HI1
Haiti
III
Dominican Republic
II K
Colombia
IlL
Korea
Ill'
Panatela
Il II
Honduras
IIS
Siani
IIV
Vatican Citv
IIZ .. Saudi Arabia ( hledjaz & Nejd)
1
Italy
I, AG2, 1111:2
Trieste
15. MD4. MS4
Italian Somaliland
16, MD3, MI3
Eritrea
IS
Sardinia
J
Japan
JAS
BonM & Volcano Islands
K
(See W)
KB6....Baker, Howland & American
Phoenix Islands
KC6
Caroline Islands
KC6
Palau Islands
KG4
Guantanamo Bay
KC.16
Mariana Islands
K116
Hawaiian Islands
KJ6
Johnston Island
KI.7
Alaska
KM6
Mi'lway Islands
KP4
Itierto Biro
.Palinpa Group, Jarvis Island
KR6. Ryukyu Islands ( e.g., Okinawa)
KS4
Swan Island
KS6
American Samoa

Official List for ARRL DX Contest and the Postwar DXCC

KV4
K1V6
KX6
K7"
LA

Virgin Islands
Wake Islam'
Marshall Islands
Canal Zone
N. orway
LA
Svalbard ( Spitzbergen)
LI,.MC1, 2, MD1, 2, MT1, 2..1.ibya
Argentina
LX
1,7 Luxe
mbourg
Bulgaria
Ml
MHO
San Marino
(See OE)
MCI, 2
(See LI)
111D1, 2
( See LI)
XI D3
(See 16)
M
I11 D5
D4

( See

M D6
M
1
,2
MI3

(See VI)

111 P4
NI P4

(See I)
(See 16)
(See
lj iw
U.7
i)
i,

MP4
° Man
MS4
( See 15)
MTI, 2
(See LI)
OA
Peru
OE, MB')
Austria
OH
Finland
OK
Czechoslovakia
ON
Belgium
0
0
Belgian Cong o
Greenland
OY
Faeroes
OZ
Denniark
PA
Netherlands
P.1
Netherlands %Vest Indies
PKI, 2,3
Java
l'K4
Sumatra
l'K5
' etlierlands Borneo
PK6
Celebes & Moliteca Islands
PK6, 7
Netherlands New ( Minya
l'X
Andorra
l'Y
Brazil
l'Z
Netherlands Guiana
•4 \ I
Sweden
SI'
Poland
'Al'
Anglo-Egyptian Sudan
SU, MD5
Egypt
SV
(; rrwee
SV
( ' rete
SV5
Dodecanese (e.g., Rhodes)
"l'A
Turkey
Ireland
TG
Guatemala
TI
Costa Rica
TI
Cocos Island
t'AI, 3, 4, 6
European Russian
Socialist Federated Soviet Republic
UAO, 0
Asiatic Russian S.F.S.R.
1.71l5
Ukraine
UC2
White Russian Soviet
Socialist Republic
U136
Azerbaijan
UF6
Georgia
UG6
Armenia
1.7118
Turkoman
1.718
Uzbek
UJ8
Tadzhik
UI.7
Kazakh
UM8
Kirghiz
UNI
Karelo-Finnish Republic
UO5
Moldavia
UI'2
Lithuania
UQ2
• Lat via
Ult2
Estonia
VE, VO
Canada
VK ... Australia ( including Tasmania)
VKI
Ileum! Island
VK I
Maciiiarie Island
VKII
Papua Territory
VW)
. Territory of New Guinea
VK9
Norfolk' Island
VO
(
See VE)
VPI
British llonduras
VP2
Leeward Islands
VP2
Windward Islands
VP3
British Guiana
VP4
Trinidad & Tobago
V P'i
Cayman Islands
VP5
Jamaica
VP'i
Turks & Caicos Islands
VP6
Barbados
V1'7
Bahama Islands
VP8
Falkland Islands
VP8
South Georgia
VP8
South Orkney Islands
VP8
'Muth Sandwich Islands
VP8
South Shetland Islands

.. Bermuda Islands
Zinzibar
V(,!'
VQ.2
Northern Rhodesia
VQ't
Tanganyika Territory
VQ 1
Kenya
VQ5
Uganda
VQ'i
British Somaliland
VQ8
Chagos Islands
vqs 111atiritius
vq9
Seychelles
\nu Gilbert 4t Ellice Isiands dz.
Ocean Island
VII 1
British Phoenix Islands
VII2
Fiji Islands
VID
Fanning Island
(('hristmas, Island)
Vlt4
Solomon Islands
V11.1
Tonga ( Friendly) Islands
VItii
Pitcairn Island
VSI, 2
Malaya
VS4
British North Borneo
VS5
Brunei
VS5
Sarawak
VS6
Hong Kong
VS7
Ceylon
VS
Aden & Socotra
VSO
Maldive Islands
VU
. India
Vl7.1
Laccadive Islands
VU7, NIP4
Bahrein Island
W, K
United States of America
XE
Mexico
XZ
Burma
YA
Afghanistan
Y1, MD6
Iraq
VI
i2See 1
,158)
YK
Syria
YN
Nicaragua
YO, YR
"Roumania
IS
Salvador
VT, YU
Yugoslavia
YV
Venezuela
ZA
Albania
1111
. Malta
132
Gibraltar
Zr I
Transjordan
Z('2
Cows Islands
Zr'l
Christmas Island
IC4
Cyprus
ZC6
Palestine
M I
Sierra Leone
1D2
Nigeria
11)3
... Gambia
7.D4
Gold Coast. Togoland
11)6
Nya.saland
ZD7
St, Helena
7,1D8
Ascension Island
ID')
., Tristan da Cunha &
Gough Island
ZE
Southern Rhodesia
ZK I
Cook Islands
7.1i2
Niue
IL
New Zealand
ZM
British Samoa
Z
Paraguay
/SI. 2, 4, 5, 6.. Union of South Africa
15:1
Southwest Africa
Swaziland
7,Ss
Basutoland
Bechuanaland
3.1 I.
Monaco
31S
Tunisia
4X1
Israel
os
Saar
Aldabra Islands
Andaman and Nicobar Islands
Antarctica
Bhutan
Clipierton Island
Comoro Islands
Easter Island
Fridtjof Nansen Land
(Franz Josef Land)
Galapagos Islands
Ifni
Jan Mayen Island
Marion Island
Mongolia
Nepal
Rio de Oro
Spanish Guinea
Tannu Tuya
Tokelau ( Union) Islands
Wrangel Islands
Yemen

CHAPTER 27

Vacuum-Tube Data
For the convenience of the designer, the receiving-type tubes listed in this chapter are
grouped by filament voltages and construction
types ( glass, metal, miniature, etc.). For example, all 6.3- volt metal tubes are listed in
Table I, all lock-in base tubes are in Table
III, all miniatures are in Table XI, and so

etc.) are, in general, also the maximum rated
voltages for those electrodes.
For certain air-cooled transmitting tubes,
there are two sets of maximum values, one
designated as CCS ( Continuous Commercial
Service) ratings, the other ' CAS ( Intermittent
Commercial and Amateur Service) ratings.
Continuous Commercial Service is defined as
that type of service in which long tube life and
reliability of performance under continuous
operating conditions are the prime consideration. Intermittent Commercial and Amateur
Service is defined to include the many applications where the transmit ter design factors of
minimum size, light weight, and maximum
power output are more important than long
tube life. ICAS ratings are considerably higher
than CCS ratings. They permit the handling
of greater power, and although such use involves some sacrifice in tube life, the period
over which tubes will continue to give satisfactory performance in intermittent service
can be extremely long.

Transmitting tubes are divided into triodes
and tetrodes-pentodes, then listed according
to rated plate dissipation. This permits direct
comparison of ratings of tubes in the same
power classification.
For quick reference, all tubes are listed in
numerical-alphabetical order in the index beginning on the following page.
Tube Ratings
Vacuum tubes are designed to be operated
within definite maximum ( and minimum)
ratings. These ratings are the maximum safe
operating voltages and currents for the electrodes, based on inherent limiting factors such
as permissible cathode temperature, emission,
and power dissipation in electrodes.
In the transmitting- tube tables, maximum
ratings for electrode voltage, current and dissipation are given separately from the typical
operating conditions for the recommended
classes of operation. In the receiving- tube
tables, because of space limitations, ratings
and operating data are combined. Where only
one set of operating conditions appears, the
positive electrode voltages shown ( plate. screen,

Typical Operating Conditions
Tile typical operating conditions given for
transmitting tubes represent, in general, maximum ¡ CAS ratings where such ratings have
been given by the manufacturer. They do not
represent the only possible method of operation of a particular tube type. Other values of
plate voltage, plate current, grid bias, etc., may
be used so long as the maximum ratings for a
particular voltage or current are not exceeded.

INDEX TO TUBE TABLES
I — 6.3- Volt Metal Receiving Tubes . . . V13
II — 6.3- Volt Glass Tubes with Octal Bases V14
III — 7- Volt Lock- In Base Tubes
V16
IV — 6.3- Volt Glass Receiving Tubes V17
V — 2.5- Volt Receiving Tubes
V19
VI — 2.0- Volt Receiving Tubes
V19
VII — 2.0- Volt Tubes with Octal Bases V20
VIII — 1.5- Volt Battery Tubes
V21
IX — High- Voltage Heater Tubes
V22
X — Special Receiving Tubes
V24
XI — Miniature Receiving Tubes
V26

XII — Subminiature Tubes
V29
XIII — Control and Regulator Tubes
V31
XIV — Cathode- Ray Tubes and Kinescopes
V32
XV — Rectifiers
V36
XVI — Triode Transmitting Tubes
V39
XVII — Tetrode and Pentode Transmitting Tubes
V50
XVIII — Klystrons
V55
XIX — Crystal Triodes
V56
XX — Cavity Magnetrons
V57

BASE TYPE DESIGNATIONS
The type of base used on
each tube listed in the tables is
indicated in the base column
by a letter whose meaning is
as follows:

A --B =
Bs =
J =
L =

Acorn
Glass-button miniature
Glass-button subminiature
Jumbo
Lock-in
VI

M
N
O
S
W

=
=
=
=
=

Medium
None or special type
Octal
Small
Wafer

V2

VACUUM- TUBE DATA
INDEX TO VACUUM- TUBE TYPES
For convenience in locating data on specific tube types the index below lists all
tubes in numerical-alphabetical order, showing the page number where individual
tubes may be found in the classified-data section (pages V13-V59) and the
identifying base-diagram number in the base-diagram section (pages V5-V12).
Type
Page
00-A
V24
01-4
V24
042
V32
043
V33
1)440
V32
045
V:32
002
V32
0133
%' 33
0153
V33
01)3
V33
0Y4
V38
024
V38
OZ44
V39
I
V38
143
V26
144P
VI9
14AT
V19
145GT
V21
146
VI9
147GT.
V2I
14135
V21
14C5
V30
14D5
V30
14E4
V26
IAF4
V26
141,5
V26
1133GT
V38
1B4P
VI9
1135
VIO
1137GT
V2I
IBSGT
V2I
1847
V32
11348
V38
103
V26
ICSGT...
V2I
IC6
V20
IC7G
V20
1C21
V30
V32
108

Base
41)
41)
511()
4M
4V
Fig. 33
5130
4AJ
4AJ
4AJ
4130
4R
4R
4G
5AP
4M
4K
6X
6L
7Z
5I3F
Fig. 14
Fig. 16
6AR
OAR
6AU
3e
4M
6M
7Z
SAW
SCF
6X
6L
7Z
4V

1D5GP
V20 5,1
IDSGT
V20 SR
1D7G
V20 72
ID8GT
V2I 84.1
IE4G
3.21 58
IE5GP
V20 5Y
IE7G
V20 80
IES
V30 Fig. 27
IF4
V20 5K
IF5G
V20 6X
I1.'6
V20 6W
1F7G
V20 7AD
IG4GT
V2I 5S
105G
V20 6X
IG6GT . .
V2I 7413
IH40
V20 58
IH5GT
V2I 5Z
11113G
V20 7AA
125(1
V20 6X
IJ6GT
V20 7AB
IL4
V26 OAR
11.6
V26 7DC
1LA4
V2I SAD
11.46
V2I 74K
1L134
V2I 5.40
11.1313
V21 SAX
II.C.5
V2I 740
IL( '6
V21 74K
ILD5
V2I 6AX
11.1(3
V2I 4AA
11.(15
V2I 740
11.114
V2I SAG
ILN5
V2I 740
IN5GT ..
V2 I SY
1Nt3G
V21 7AM
IP5GT
V21 SY
1Q5GT
V21 OAF
IR4.
V21 4AH
IRS ..
V26 7AT
184
V26 7AV
185
V26 6AU
1:36..
V30 SDA
isA6GT
V2I OCA
113B6GT...
V21 6CB
IT4
V26 OAR
ITSGT
V21 OAF
IT6
V30 Fig. 28
11 ,4
V26 OAR
IU5
V26 6I3W
1116
V26 7DC
I- V..
V38 4G
IV2
V38 905
1V5
IW4

V30 5BZ
V26
-

IW5
1X2
1X24
122
2A3
2.440
245
2.46
2A7
2AP1
2134

V30
V38
V38
V38
V19
V32
V11)
V19
V19
V33
V33

9Y
9Y
7013
40
58
6B
60
7C
11B
5A

Type
2136
2137
21322
21325
213PI
204
2C2I
2C21
2(22
2(22
2025
2('264
2(34
2C35
2036
2037
2039
20394
2040
2C43
2(244
2051
2D21
2E5
2E22
2E24
21(25
2E26
2E30
2F:30
2E31
2H:32
2E35
2E36
2E41
2E42
2G5
2021
2(122
2142
22424
2K25
21(26
21(28
2K33
2K34
21(35
21(39
2K4I
2K42
21(43
2K44
21(46
21(47
21(56
28/48
2V3G
2W3
2X2
2X2-4
2Y2
2Z2
3A4
3.44
345
345
3480T
3AP1
384
3B5GT
3B7
3B7
3B24
31325
31326
3B27
31328
3BP1
3C5GT
306
3C22
3023
3C24.
3028
3034
3037
306
3136
3023
31)24
3DP1
313X3
3E5
3E6
3E22
3E29
3EPI
3FP7
3GPI
3231
3JPI
31(21
3K22
31(23

Page Base
TY Pe
VI9 7J
3K27
V19 713
31(30
VI4 Fig. 37 3KP1
V38 3T
31.E4
V33 12e
3I.F4
V33 548
3MPI
VI7 7BIR
3Q4
V41 7BH
3Q5GT
VI4 4AM
3RP1
V4I 4AM
384
V42 41)
3V4
V4I 41313
3-2543
V42 T-7130 3-251)3
V25 Fig. 38 3-5044
V4I Fig. 36 3-50134
V4I Fig. 36 3-5002
V48 3-75A2
V48 3-7543
V41 Fig. 19 3-10042
V41 Fig. 19 3-10044.
V25 Fig. 17 3X-100411.
V26 SCJ
3-15042.
V33 7I3N
3-15043..
VIO OR
3X-15043.
V54 SJ
3-20043
V52 7CL
3-25042.
V53 5132
3-25044.
V52 70K
3-30042.
V26 7CQ
3-30043
V52 7CQ
4AOC
V30 446G
V30 4032
V30 4034
V30 4036
V30 41321
V30 41)22
VI9 OR
41)23
V30 41)32.
V30 4E27
V59 41(27.4
V59 4150.
V57 Fig. 60 4252
V57 Fig. 60 4278
V57 Fig. 61 4X1504
V57 Fig. 62 4X150G.
V57 Mg. 58 4-654
V57 Fig. 58 4-1254
V57 Fig. 59 4-2504.
V57 Fig. 59 4-4004.
V57 Fig. 59 546
V57 Fig. 59 541.1
V57 Fig. 59 54.1(.4(1T.
V57 Fig. 58 5424
V57 Fig. 58 5BPI
V57 Fig. 60 5CP1
VI9 5D
5C24
V38 4Y
5D22
V38 4X
51324
V38 4413
SFPI
V38 4AB
SHPI
V38 4AB
mpt
V38 4B
5LP1
V26 7BB
5Mpl
V52 71313
5R4GY
V26 7BC
SRP1
V41 7BC
81'4
V24 SAS
5T4P4
V34 7AN
504G
VS2 7CY
SUPI
V24 7AP
5V4G
V2I 7BE
5W4
V41 7BE
SWPII
V38 T-4A
5WPIS
V38 4P
5X3
V38 Fig. 31 SX4G
V38 4P
5Y3G
V38 4P
5Y4G
V34 14A
523
V24 7AQ
524
V24 7BW
SZP16
V48 Fig. 30 5-125B
V33 30
643
V43 20
0.44
V43 Fig. 56 645GT
V43 3G
646
V49 646M5
V2I 613B
647
V52 61313
648
V54 Fig. 54 64134
V55 T-92
64.135
V34 Fig. 49 64136G
V54 Fig. 40 64137
V26 6BX
64C5GT.
V2I 702
&WU; .....
V54 8BY
64(1
V54 7BP
6404
V34 114 (341)5(1
V34 1413
641/6G
V34 11A
641)7G
V59 64E50
V34 14B (34E6GT.
V57 Fig. 58 134E7GT.
V57 Fig. 58 64E8
V57 Fig. 59 8.4.F50

Page Base
V5s Fig. 59
V58 Fig. 58
V34 IIM
V24 6BA
V24 61313
V:34 Fig. 2
V26 7BA
V24 74(2
V34 12E
V26 7134
V26 6BX
V42 30
V43 213
V44 3(1
V44 21)
V44 21)
V46 2D
V46 21)
V47 213
V47 20
V48 V49 4BC
V49 4BC
V49 V50 Fig. 52
V50 2N
V50 2N
V51 4BC
V51 4BC
V20 SL
V24 8L
V50 2N
t-59 2N
v is Fig. 56
V56 5I3K
V55 Fig. 50
V56 513K
% 55 Fig. 51
V55 713M
V56 713M
% 59 V59 v59 V56 T-9J
% 56 V55 Fig. 48
V56 51.1K
V57 5BK
V57 5BK
V52 9L
V34 11A
V38 ST
V38 5T
V34 11A
V34 1413
VSO Fig. 26
V57 5BK
V57 513K
V34 SAN
V34 114
V34 1IE
V34 IIF
V34 7AN
V38 ST
V34 14F
V38 ST
V34 120
V38 5T
V35 12E
V3S 51.
V38 5T
V35 12C
V35 I2C
V38 40
V38 5Q
V38 ST
V38 5Q
V38 4C
V38 SL
V35 Fig. 48
V56 713M
VI7 413
V17 5B
VI4 OT
VI7 7B
V26 6CH
V17 70
VI3 SA
V26 SCE
VI7 OR
V14 7AU
V13 SN
V14 6Q
V14 7AU
VI3 SN
V30 VI4 6Q
VI4 7AG
V14 SAY
VI4 6Q
V15 7AH
VIS 7AX
V26 9Q
V15 6Q

Type
AF6G
AF7G
AG5
4(113G.
A(.37
AG7
AH5G
41113
AH7GT...
AJ5
AJ7
AKS
AK8
41(0
AK7
AL5
AL6G
AL7GT.
AMS
AMR
ANS
ANO
AN7
AQS
AQ5
AQ6
AQ7GT.
AR5
ARO
ASS
488
487G
ATO
AU5GT.
AU8
AV5GT.
AYO
AX4GT
AX5GT.
AX6G
134G
B5
BOO
B7
B8
BAS
BAO
BA7
BC5
BC7
BDSGT.
1306
13137
BE6
BE7
BF5
BF6
BF7
1308
BG7
BH6
13.15
BJ6
13K6
BL6
BL7GT . . .
BM6
BN6
13N7
BQ7
BT6
BOO
BW6
BY5G
BQ6GT.
04
04
05
CO
07
080
CB6
CD6G.
COO
D4
DO
D7
1380
ES
Eh
E7
ESO
F4
F4
F5
F6
1.113
F7
1
,50
G5
0130
H4GT
115
116

Page
V17
VIS
V26
VI5
VI3
V52
VIS
V26
V15
V26
VI3
V26
V26
V52
VI3
V26
VIS
VIS
V26
V26
V26
V27
V27
V27
V52
V27
VIS
V27
VIS
V27
V27
VIS
V27
VIS
V27
VIS
V27
V38
V38
V38
VIS
VIS
V15
VIS
VI3
V30
V27
V27
V27
V27
VI5
V27
V27
V27
V27
V27
V27
V30
VIS
V30
V27
V27
V27
V27
V58
VIS
V58
V27
V27
V27
V27
V27
V27
V38
VIS
V4I
V27
VI3
V18
VIS
VIS
V27
V IS
V27
V33
VIS
VIS
VIS
VIS
VIS
V18
VIS
ni

Base
74(1
SAG
7111)
78
SY
8Y
OAP
7CC
813E
7PM
SN
7131)
7I3K
7BK
SY
613T
6AM
SCH
6011
7DB
71313
713.1
9Q
7BZ
7BZ
7BT
SCK
6CC
6BQ
7CV
7CM
8131)
7BT
60K
7BK
6CK
7BT
4C(1
68
7Q
58
648
7V
711
SE
7CC
SOT
7BD
9AX
6CK
7150
9Z
7011
9AA
7BZ
7BT
81)G
5BT
SDG
7CM
6CH
7CM
713T
81313
7DF
Fig. 41
94.1
71ST
71ST
9AM
6CN
6AM
6BG
6BG
6Q
6F
70
8G
7CM
513T
7BK
SAY
6F
7H
SA
OR
713
7H
80
MI

Type
6H8G
6.14
625
6.16
6J6
627
6.18G
6K4
6K5GT
6K6GT
6K7
6K8
6L4
6L5G
6L6
6L6
6L6GX
6L7
6M5
6M6G
6M70
6MSGT . . . .
6N4
6N4
6N5
13:160
6N7
6N7
6N8
6P5GT. ..
6P70
6P8C1
6Q4
6Q5G
6Q6G
en
6R4
6R8G
6R7
ORS
684
686GT
687
688GT
6847
68137Y
6807
68137GT...
6SE7GT ... .
OSFS
6;31.'7
68G7
68117
681171
88.17
68.17Y
8SK7
681.7GT....
68N7GT....
88N7GTA..
68(17
88137
6887
68T7
1381J7GTY..
68V7 .. .....
6827
6T5
6T6GM ....
6T7
6T8
6U4GT
6U5
6U6GT
6U70
608
6V4
Ovo
6V6GT.....
6V7(1
6V8
6W4GT....
8W5G
6W6GT....
6W7G
13X4
6X5
6X64:1
6X8
6Y3G
8Y5
6Y6G
gïj G

VI3
V13
V52
VIS
VIS
VIS
VIS
VIS
VI8
VI)

5M
78
78
7E
80
OR
78
SAF
OR
7(2

Page Base
VIS SE
V27 713Q
VI3 6(2
V27 713F
V41 7BF
V13 7R
VIS 811
V30 V15 SU
VIS 78
V13 7R
VI3 8E
V24 71313
V15 6(1
V13 74('
V53 740
V53 740
V13 7T
V27 ON
VIS 78
V15 7R
VIS 8AU
V27 7CA
V4I 7CA
V17 OR
V15 7413
V13 SB
V4I 8B
V27 9T
V15 6Q
VIS 7ILJ
VIS 8K
V214 9S
V33 6(.1
VIS 6Y
V13 7V
V28 OR
VIS 6AW
VI3 7V
V28 9E
V28 94C
VIS SAK
VI3 7R
V15 SCB
VI3 SR
V13 8R
V13 88
VIS SM
VI5 SN
V14 6AB
VI4 7AZ
VI4 8BK
V14 8I3K
VIO SDK
V14 SN
V14 8N
VI4 13N
V16 81313
VIO 81313
VI6 8130
VI4 SQ
V14 8Q
V14 8N
V14 8Q
VIO 81313
V14 7AZ
VI4 8Q
V18 OR
V16 62
V14 7V
V28 9E
V38 4CG
V18 OR
V16 7AC
VIO 7R
V28 9AE
V38 9M
VI4 7AC
V52 7AC
V16 7V
V28 9411
V38 400
V38 68
V16 7AC
V16 7R
V38 7('F

624
625
6Z7G

VIO
V28
V38
V38
VIO
VIO
V38
V39
V38
V16

7AL
.
94K
4AC
62
740
13B
4G
513
6K
88

6ZY5G
1.44
745
7A6
7A7
7A8

V38
VIO
VIO
VIO
VIO
VIO

68
SAC
644
7AJ
8V
SU

V3
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Type
Page Rase
7AB7
V25 Sill)
7A D7
V16 8V
7A F7
VIS SAC
7A07
V16 8V
7A117
VIS 8V
7AJ7
V16 SV
7AK7
V16 SV
7A P4
V35 5AJ
7144
V16 SAC
7115
V16 6A1(
71(6
V16 SW
7117
V16 8V
7138
V16 8X
711P1
V35 SA N
7C4
V25 4A H
7C5
V17 6A A
7(16
V17 SW
7( 7
V17 8V
7('PI
V35 SAZ
71)7
V17 8AR
71)P4
V35 12(1
7E5
V25 813N
71:6
V17 8W
7E7
V17 SAE
7E1,4
V35 I1N
7F7.
V17 8AC
7E5
V17 813W
7G7
V17 8V
7cs
VI7 8I1V
71;('-1
V35 Fig. 47
7117
V17 SV
7.17
V17 SA R
7JP I
V35 140
7J P4
V3S 14G
7K 7
V17 813F
71.7
V17 8V
7131 P7
V35 121)
7N7 .
V17 8Ac
7X P4
V35 14N
7Q7
V17 831.
7QP4
V35 121)
71(7
VI 7 SAE
7111'4
v:05 121)
787
V 17 814 i.
7'1'7
3 17 sV
7V7
V17 s \
7W7
3 17 514.1
7X7
v 17 sItZ
7y4 .
V3 5 5A It
754
v:45 5A It
5A P4 . . . .
\ : 35 1211
xBP4 . . .
v:45 14G
9A P4 . . . . . 335 6A I.
9C P4
335 4A1"
JP I
V35 5$11(
(1
V24 41)
O
V42 41)
011P4
V35 121)
01(P4
V35 121)
OFP4 .
V35 121)
011P4
V35 14(1
0i( P7
V35 121)
(11( .
342 41)
1/12
V24 41,
2A4 . ..
V28 93G
2A5
V22 7F
2A6
V22 7AC
'2A7
322 711
2A7
V35 7I(
2,351 '
3:22 SA
2A1I7GT.
322 811E
328 613T
2A1'4
335 RA 1.
2ATIi
V25 711T
2,317
V224 9A
2.31 6 .
V28 7Cc
2.3 i-7
V28 9A
>
0 31 V41 9A
2.33'0;
323 711T
21 37
V28 9A
2.1 \VG
V28 7C131
2,3337
3'25 7(1M
2AX-1(11 . V38 4(1(.1
2A X7 .
V25 9A
2A Y7 . .
V2s.; OA
2AZ7 .
32, !IA
2146M
322 61'
2137
312 sV
2B7:3I L.... 311 SV
21)80T. .
1-22 sT
211)36 . . . .
318 7( 3 •
211A7 . .
32, ' I.., '
281)6 ..
51 , 7(4 '
211E6 . . . .
32 , 7(11
213E6
32, 711T
213117 . . .
V2, 9,3
211K6 . . .
32, 711T
211N6 ..
3!.. 71)F
2111'S
3-1s 711T
32, 7BT
2131'6
2cs
V'' , SE
2(11 .
335 4A
21)1 ,4
V35 5A X
21(5GT
1-22 6,2
2EU6 .
V25 7111
2F5GT.
V22 551
207G
V22 7V
2116
V22 7G
2J5GT
V22 ii(!
MGT..
V22 711
2K7GT
V22 711
21(8
V22 RK
2KP4A
V35 Fig. 3)
21.8(;T
V22 8131;
12 LP4
V35 I2D

F

Type
12Q701'..
12QP4
121tP4
12)48(ir. .
12SA7
1204(7
1291E5
1231E7
121307 ..
125117
12SJ7
1231(7
12SL7GT.
12S:l77(11'.
123P7
123(27
12E3117
12SW7
1291X7
12SY7
I2T P4
12CP4
1253
12Z5
I4A4
14A5
14A7
14A17
14A17
14136
14118
14131 ,4
14( 15
14(7
14(1'4
141)P4
14E6
14E7
14 EP4
14 1
,7
14F5
14(IP4
14117
14.17
14 N7
14(27
141(7
14 ,17
14 V7
14 W7
14 Y4
1453
15
5A)'4
I
15('P4
151)P4
151 ,
16AP4
16( • P4
161(P4 A . .
16 I
,P4
16(i1'4
1601.411..
160P4('. .
1611P4
16J P4
161(P1
161.1 ,4
161tP4 . . .
16SP4 A . .
161'1'1
161 ,P.1 . ..
16WP IA
16Z P.1 .
17. . . . .
I7A P.1
1711P4 V.
171(1,111
17('Pl
170P4 . . . .
IS
19 3P4
19AP4A . .
19AQ5 . . .
1901( ; 6(1 .
19: s
191)P4A ..
1111.:P4
19FP4
11101>4
I9J6
191'8
19V8
291114
20CP4
201,P4
29(1P4
29
29J5GNI
2IA7
22
22A P4
24-A
24A P4 A . .
24-(i
24X11
25A6
25A 70 r ..
25A 7GT . .
25AC5G..
25A V5(11' .
25135
251360
251380 E._

Page Base
V22 7V
V35 Flg. 35
V35 121)
V22 Fici4
V22 SR
V22 8S
V2' , 6A It
V22 7:31.
322 5111(
3'22 511 is
V22 5N
3'22 XN
V22 8131)
V22 8111)
V36 121)
V22 8(2
322 8(2
V22 8(2
V22 SRI)
V22 8Ft
V36 121)
V36 121)
V38 40
V38 71.
V22 5AC
3'22 (IAA
V22 243;
V22 SAC
V24 8 3C
V22 8W
322 8X
336 Flg. 35
V22 6AA
V23 8V
V36 120
V36 120
3723 SW
V23 SAE
V36 121)
V23 8)3( 1
V23 811W
V36 Fig. 42
V23 8V
V23 811L
V23 8A ( 1
V23 SAL
3'23 8A1(
V23 Sill.
V23 01V
V23 8I1J
V38 5AB
V38 4(1
V20 51,
336 121)
V33 Fig. 35
V36 121)
V42 T-4 Al,
V36 Mg. 35
V36 Fig. 35
336 121)
V301 Fig. 35
V36 121)
3'36 121)
V36 121)
3'36 Fig. 35
V36
V36 121)
V36 Fig. 35
336 121)
V36 121)
V36 Fie. 35
V36 121)
3'36 121)
3311 121)
V33 3G
3136 121)
V36 Fig. 45
V36 121)
V36 121)
V311 19g. 43
V23 611
V211 6('
V36 11g. 35
V36 121)
V25 7131.
V23 511T
V29 9E
V36 121)
V36 Fig. 35
V36 Fig. 35
V36 121)
V29 713F
V29 9E
3.29 9A11
V36 121)
V36 Fig. 44
V36 Fig, 6ii
V36 Fig. 42
V24 41)
V23 RH
V23 (1.311
324 4K
V36 19g. 35
V19 51:
V36 121)
V43 21)
V37 Fig. 1
V23 7$
V35 SF
323 SF
323 61,2
V23 61 • K
V23 61)
V23 75
V23 8T

Type
25BH6GT
25( . . .
25118( 1r
251.6
25X60
25T .
2533741;T.
25X 6011'
2)3'4(11 1 .
2535
25Z3 .
2551
2555 . .
2655W .
2576 .
211:111 .
2611E6. .
26 A70:1*
29•1311; . . .
2:1126
2;
281)7
2855
30
31
32 . .
321.7GT
421.7c,T
3
34
'15/51
35A5
35135
35(5
351.607 .
351'
35TG
35W4
35Y4
3553
3554(;T .
35550
3556(1
3(1
37
35
39/4.1 .
III .
40551 IT .
41 ..
42
43
45
417.3
1.15 5GT

49

.

,) ) 5
50 3x6! ;
5.1 ,15
50''5
5' I. 31! :
1'
5 11.61 IT
5aT
5!) 3.%
501 X6 ..
5> V60 IT
5(1371 a
53561; . .
59570 .
51
52.
53. . .
53A .
55.
56
56AS
57
57AS
58
55AS
70A 7( IT
70A7!;T
701.7GT.
701.7(iT .
71-A
72
73
75
75TH
75T1 .
76
77
7s
79
Ml)
MI
(42
53
3:3-V
244/67.4
55
)45AS
)49
99
100TH
100T1.
11111

Page Base
V23 SAM
V23 7AC
V23 03AF
V23 7AC
V23 7W
V19 6M
3'42 30
V321 4C0
V39 7Q
v3(l 5A A
V31) 61:
V31) 4G
V31) 5A A
V39 6E
V39 9115
339 7Q
V24 41)
V29 7I1K
V29 7141'
v23 8131'
V29 713T
329 7111:
V211 7(11
VIII SA
V24 511>1
V39 5A It
V20 412
V20 41)
V20 4K
v23 sz
vs9 85
V20 5K
V20 4M
VIS 5E
V23 6AA
3'29 7117.
V29 711V
V23 7A( '
V44 3G
V44 21)
V39 511Q
V39 5.31,
V39 4Z
V39 5.3A
339 6A I)
V39 7Q
v Is 5E
V18 5 &
3'15 51 ,
V IN 51,
324 41)
339 6.31)
V18 611
V18 611
323 6(3
VIII 41)
V39 SAM
V39 (IA
VI9 Sc
319 511
V23 623
v20 5(1
V.11 41)
v23 fiA A
v39 7(2
V29 71(5
329 7CV
V23 7AC
V23 7AC
V-16 21)
339 7Q
V39 7AJ
V39 7g
339 SAN
V39 7Q
V39 SAN
V19 SE
VIS 5('
V19 711
V43 T-414
V (!) 6(1
VIII SA
V Is 5.3
VIII 111,
V Is 6F
VIS SF
v15 6F
VIII 7A
V23 MA It
V311 5A 11
3'23 )( AA
V39 8A A
V25 41)
V:39 4P
V39 4Y
VIS 6G
V46 213
V46 217
VP; 5A
VIS 61,
VIS 6F
VIS 6H
v39 II'
3:111 III
3:11, ) 4.
v39 11'
V39 4A1)
VIS 51)
V 15 6G
VIM 60
VIM RF
V25 41)
V47 212
V47 213
V46 2D

Type
I12-A
1171.7GT..
117L7GT
1175170T
11713170T
117 N7GT..
I17N701'..
117P7GT
117P7GT
11753 . . .
1177.40T.
11 7Z6GT .
12)(AS...
150T
152 -rlf
152T 1,
1242-11
183
203-A
203-11
204-.3
2(151)
21 I .
212-E
2I7A
217C
227A
24111
242,3
24211
2121'
24911
250T 11
250T1.
254 4
25411
231.3
270 1
276
252A
25111
1,4i)
295 1
001' ..
113A
14A
(14 it
04111
94 rI
3
(153
06A
07A
0811

Page Base
V25 41)
V23 SAO
V39 SAG
V23 SAO
V39 SAO
V23 8AV
V39 SAV
V23 SA V
V39 SA'.'
V39 4112
V39 SA A
V39 7Q
V32 5A
V49 2N
V49 41112
V49 411C
V25 41)
V25 41)
3'47 4E
347 3N
V51 • r- IA
V-12 41)
V47
E
V.5I T-2.3
v:49 4AT
v39 431'
V-17 T- 4B
V5 I ' r- 2A A
V46 41!
347 41.
3-Is 41!
V39 Fig. 53
V50 257
V50 2N
V53 T-4c
V54 '1
1-4C
345 41,
V51 T- 1A
V4s
V.35 4-TC
VIM 3N
V46 4E
V424 4K
V51 257
347 4E
V51 V- IA
344 21)
351 411C
V51 411C
3'55 T-4('I(
V53 T-51 ' 14
353 T.52!
V51 'I'- 2A
342 41)
I1 .
V47 4E
111'11
3'48 Fig. 57
312 A
V55 'I'-SC
312E .
V51 T-2AA
316.1
V43 —
327A
347 T-.1.31)
327It
V46 ' l'--I31)
342(1
V47 4I.'
356A
V15 .(- 1111)
361.3
3-I" 11.
376A
3
II.
41OR
31.3
re.
45214
V25 41)
453
V25 41)
485
V25 5A
527
Vil T-411
- 59
V25 Flg. 18
575,3
V39 4Al'
592 ----- -50 Fig. 52
7113A
V42 -705A
V39 -3A A
70711
V58 Fig. 61
71514
355 717A
V16 811K
723.311.
V57 Fig. 60
75(1. . .
344 41)
5010 ----- -13 21)
>001------ -12 41)
(1101.3
342 41)
802.
352 611M
893
v56 5J
804
V55 T- 5C
5(I5
V49 3N
806
V.50 2N
807
V54 SA'.'.'
807W
V54 SAW
808
V45 21)
809
V43 3(1
810
V49 2N
811
V45 3G
811A
V45 30
812
V45 3(1
812A
N'45 30
81211
V46 3G
813
3,56 511A
814
355 'r-51)
51.5
V54 2111Y
816 ----3119 4P
822
V50 IN
X22'
V50 2N
526 ----VIS 7110
528
V56 Si
529
V54 7BP
S20A
71iP
52911
354 711P
53(1.
344 41)
83011 . V45 3G
831 .
V51 T- 1A A
832 ------ -53 7BP
832A
V53 7BP
833A
V51 T-IA13

TY1"'

6s>e1::33:67 . .
8
A

Page
V45 21)
lease

‘
1: 3
49
7 41p
1:

352

63M

‘'
3
'2
4(
111 6
5S:

24
181 4
4430
1
1
841SW
544
513

‘
2
1.
V
'
42
4
5 3
,
31)
1
1
31

849

V53 5 % W
V5 I T- 1A

3'45 3( 1

550
852
860
861

V.56 T-311
37
1
,4
56
8 2
11
4
4(13

864
865

V25 41)
V53 T- 4C

V57 T-111

8
866 A
8
/( 4
16
61 ,
1

V39 41'
N.39 41»
V39 4P

8
8
7
72
2A
X71

‘‘
\:
,:::
4
13
9
99

66

3'39
V33
3'33
3'39
V39
‘
V.::
4
1
3
3

874
876
875
579
90
4
881
1
64i
9(2

V33
V36

9
15
11: 1

9(
9
0
17
6P

I

96 01A

90
909
910

9
1
)112
1

913
914

4.11
44
‘,
1
T
4AT
45
41'
41 ,
(1(
5A
2
Fig.

v37
Fig.I.
V37 6A
V37 Fig.
‘
3,
1
:
:
37
1
4 7
FA
Ig

3'37 7A X
V3
‘
37
7
10.t
1.
g ..
8
I
V37 Fig. 12
‘
3: 4
48
5 41.:
3( 1
V20 5K

(5
9
)
64
1
955

V19 4M
V25 51111

955
956
957
1
1
1
)
5
68
5A
955A
959

V4
V
26
15
6 11
11 (
('
'
V25 51111

975
94 I

1
1
111
11 1
1
.5
3
1006
1201
1203
1204
1)6
1
12
22
1223
1229
123(1
1231
1
1
2
23
42
7
1265

V25
V25 5131)
5111)
V25 5111)
V
11 1
E
v 4
25
1 5
5 1)
V33
V39 3G
4AT
1.
V3
33
9

4-R
V39 5A(2
V39 4C•
V25 813N
325 4,311
V25 8110
VIZ 5
61
13V
\
VIS 711
V20 4E
I(
V20 41)
V17 8V
v17 5V
3
\3 '
:
:
3410 1
) 1 AA
-jj

126 6
1267

332

4V

1275
12
12
1
274
74
1

v 111
17
3

5V
08

1276

3 111

1( •

12
1
28
80
4

11 ,11)
3
VII
31 , 3
31 7151
31 (. 35
31
1.311
11
33
:..,.
li I
I
II?1
1

1291
1
1, 93
1294....
1299.. .
1
16
69
02
3
1608
16°9
1
610
1611
1612
1613
1614

6

1237 7A N
V37 7CE
1237 Mg, 6
V37 7A N

91
19 3380
5( 1
n

1167 A

1
3
6

3(2

II)

V15 511
\\\ r
II,2, 7
:
,..,.,'5
, 1,A
3.
‘
.
i:
VII)

7
7

c

41,

16
1
66 2
10
56
1621
1622
1(123
1624

V
v514
2

v43

3G

16
1
62
26
5

V
V5
54
4

T
5A
-51)C
6G

1214
v14

V41
16
1
62
28
7
1529
111
66
633
3231
11663354

1249
V4
V
23
4
V24
V24
V
V216
4
1224

'
7
1R611

75
7AC

2N
-4ll
6
T 12
A11
7A('
7A('
81,
6
11D
55

14

VACUUM- TUBE DATA
Type

Page Base

Tye

Page Base

1641
V40 T-4AG 5679
V29 9AD
1642
V17 71311
5881
V53 7AC
1644
V24 11g. 7 5881
V16 7AC
1654
V40 2Z
5896
V32 81M
1800
V37 6A1.
5897 . . V32 81)K
1801
v37 Fig. 13 5898
V32 8I)K
1802P1
V34 II A .5899
V32 81)1,
1803P4
V35 liA L
5900
V32 81)1.
1804P4
V35 BA L
5901
V32 81)L
1805P1
V34 HA
5902
V32 81)1.
1806P1
V34 IIA
5903
V32 81)1
1809P1
V35 81411.
5904
V32 81)K
1811PI
V34 6A Y
590:,
V32 81)1.
1816P4A.... V37 Fig. 65 5906
V32 8111.
1851
V14 711
5907
V32 81)L
1852
V13 8X
5908
V32 >WC
1853
V13 8N
V29 6Alt
2001
5910
V37 4A A
5915
529 7CH
2002
V37 Fig.
I 5916
V32 8113('
2005
V37 Fig.
I 5933
V54 SAW
2050
V33 813A
5962
V33 2AG
2051. . ..... V33 811A
5963
V29 9A
2523N/128A8V33 5A
5964
V29 7I3F
6514
V45 4W)
6005
V29 7137
5516
V53 7C L
6026
V4 I 5517
V40 51441
6140
V54 7Ch
555
711.
5562
6
V4 I 41) VI))
70(X)
V55 Fig. 54 7193
V41 4AM
5590
V29 7131)
7700
VIM 6F
5591
V29 713 I)
8000
V51) 2N
5618
V52 7C U
8001
VS5 713M
5633
V31
8003
V48 3N
5634
V31 8005
V47 30
5635
V32 81)B
8008
5
‘"411
1
) Fig. II
5637
V31 8010-R
5638
V31 8012
V43 T-41313
5639
V32 81)1.
8013-A
V II) II'
5640
V31 8016
Vii) 1 %('
5641
V31 3020
V 10 1P
564 I
V32 6CJ
8025
V43 ( All
5642
V32 9001
% 29 7PM
5643
V32 SUD
9002
v30 7I'M
5644
V32 4CN
90(12
Vii Trm
5645
V32 11003
V30 7P111
5646
V32 9004
V25 413.1
5647
V32 B I
9005
V25 513G
5648
V48 9006
V30 6B11
5651
V33 5110
AT-340
V57 513K
5654
V29 7131)
AX9900 . .. . V49 Fig. 5
5656
V29 9F
A X9903 . . . . V54 Fig. 10
5663
V133 7CE
AX 9905 . ... V53 Fig. 34
5670
V29 8CJ
liA
V38 4.1
5675
V4 I Fig. 36 HIE
V38 41
5679
V17 7CX
BR
V38 411
5686
V29 Fig. 29 CE220
V38 41 ,
5686
V52 Fig. 29 (21(501
V30 -5687
V29 911
C K502
V30 5691
VI6 8131)
CK503
V3()
5692
V16 8131)
CK504
V30
5693
V14 8N
CK505
V30
5718
V32 8DK
CK506
V30
5719
V32 811K
CK507
V30 5722
V29 5(211
CK509
V30
5725
V29 7CM (.' K510
V30
5726
V29 613T
CK512
V31 -5749
V29 7111(
CK515ItX.
V3 I
5750
V29 7( ' 11
C K520 AX .. V:3I -5751
V29 9A (' K521AX .
V31
5755... .
V29 9J
CK522 AX . . V31
5763
5a2 9h ( ' K523A X . . V31 5764
V4 I Fig. 36 CK524..5 X .
531 5765
V4 I Fig. 36 (' K525AX .. V:3I 5766
V41 Fig. 36 ( h.)20A X . . 5.31 5767
V4 I Fig. 36 ( K.527A X . . '. 31
5768
V25 Fig. 36 ( K529A X .
V.51 5794
V41 Fig. 36 ( K55 IA X\ V31 5812
N'52 7cg ( K553 A N . 1 V3)
5812
V29 7(3.1 ( K556AN
V)) 5814
V29 9A
( 1(568A N .
V31 5823
V33 4( ' K ( K569A X
V:31 5824
V24 78
1 K605( ' X .
V3 I 5825
V4() 4P
( 1(60613>
V31
5836
V58
( K608( ' N
V:3I
5837
V58
( K6I9CX .
V31
5840
V32 81)1.
5842
V29 9V
( K624('
5844
V29 711F ( K6541A X .
V31 5845.
V29 5('AA ( 1(703
V58 5847
V29 9X
( 1(1005 . . . . V39 SAG
5866
V49 Fig. 5 ( KI006..
V39 4('
5876
V4 I Fig. 36 CK 1007 .
V40 'l'-9G

Type
('I( 1009
C1(5672 . . .
DR31327 ....
DRI23C ....
1)12200
1
,1
,50
1
,123A
le I27A
G84
(11.2('44 .
(11.2C44 .
(1L5C24 .
(11.51)24
(11.146
G1.152
GLI 59
(11,169
(11.446A . .. .
GL446A . ...
GI 44613....
GL44613.. ..
GL464A ....
GL464A....
G L559
(11,592
(8L8012A . . .
H 1)203A....
HF60
11F75
firm
111, 120
111 ,125
111 ,1:30
111140
111'150
11 FI75
H1 ,200
111'250
'11,300
11 K24
H K54
11K57

Page Base

Type

Page !lase

V40 HY80 IA.. . . V42 41)
V3 I HY866Jr.... V39 4P
538 4P
HY1231Z .. . V43 T-411
V48 Fig. 26 HY1269 . .. . V55 T-51)13
V49 2N
11YE1148... V41 T-8AG
V25 9C
KY21
V33 V48 Fig. 26 KY866
V33 Fig. 8
V50 Fig. 26 M54
%' 31
V38 411
M64
V31 V25 Fig. 17 M74
V31 V41 Fig. 17 .\' U-2('35.
V25 Fig. 38
V50 Fig. 26 PE340
V56 5BK
V57 5ItK
0K159
V58 Fig. 63
V49 'l'- 413G
RK2J22.... V59
549 T-413(1
RK2J23 .... V59 V51 T- 411G
RK2J24.... V59 V51 T-413(1
RK2J25 ... . V59 '. 41 Fig. 19 RK2J26 ... . V59 V25 Fig. 19 11K2.127 .... V59 V25 Fig. 19 RK2J28.... V59 Vil Fig. 19 RK2JZ9 .... V59 V25 Fig. 17 RK2J30 .... V59 V4 I Fig. 17 RK2J31.... V59 V25 Fig. 18 RK2J32.... V59
V50 Fie. 52 RK2J33 .... 5)69 V43 T-4131)
RK2J34 . . .. V59 V49 3NI
RK2J36.... V59 V46 21)
R1(2.138 . . . . V59 V46 21)
RK2J39. ... V59 V46 21)
RK2J48 . ... V59 V47 4F
RK2,149 . . . V59 V47 -R1(2.150.... V59 Vet RK2154.... V59 V47 4F
RI(2155 . . . . V59 N'48 RK2J56.... V59 Vei 'l'- 3A('
RIC2.158 .... V59 V49 2N
RK2J6 IA.. . V59 V49 2N
RK2J(32A... V59 VS() 2>1
RK2J66... . V59 V43 30
RK2J67. . . V59 V41 21)
RK2J68... . V59 V5a Fig. 64
11.1(2.169 . ... V59 -

Tyne
111(38
RK39
RK4 I
RK42
RK43
RK44
It1(46
RI(47
11.1(48
RK48A
ItK49
121(51
RK52
111(56
RK57
111(58
RK59
RK60
RK61
R K62
11K63
R K63A
R K(34
11.1(65
It 1(66
RK75
RK 100 . .
RK705A..
RK866.. .
It151208 . . .
It1512(19 . . .
81)917A . . .
81)828A. ..
81)828E. .
8DiiO3.. . .
801104.. .
8N944.. . . .
81)1946
8X9471) ..
8N9414(2 . . .
8N9531) .
SN954.

laye liase
1747 21)
l'53 SAW
V53 SAW
V2 I 41)
V21 6C
V52 6I3M
V54 T-51*
N'55 T-5I)
V56 T-51)
V56 'l'-SI)
5'53 6A
V45 3(1
V45 3(;
V52 5AW
548 3N
V47 3N
V42 T-41)
V40 T-4AG
V31 V33 41)
V50 2N
5'5() 2N
V52 5AW
V57 l'-313C
V54 T-5C
V5:3 'l'-5G
V42 T-613
V39 T-3AA
V39
V33 V33 V31 V3I V31 V58 _
V58 V31 V31 V3 I V31 V31 V31. -

HK
111(154
11K2521.
154

‘1 i
I
II9
I 2I1
21)
III( 13.1(4.133
111(4.131
RK4J32
.. ..... ..
.

V59 -

8N95513
8N95613..
8N957A .. .

V:31
V32 -V32

13K253
111(251

\13..
17 .2 \vr

m(4.334 .. ..
111(4J35....

v50
V59 -

8N1006..
8N100711.

V32
5'32 --

RK4J36 . . . .
RK4J37....
RK4J38....
RK4J39 ....
RK4J40 ... .
RK414 I....
RK4J43 ....
RK4J44 . ...
RK4J53....
RK4J54 ....
RK4J55....
RK4J56 ....
RK4J57. ...
RK4J58 ....
RK4.159 ....
RK725A....
RK10
RK II
1-11(12
RK 15 .
RI( 16
It K 17
R1(18
RK 19
RK20
RK20A
R1(21
111(22
RK23
RK24
RK24
RK25
RK2513
RK28
RK28A
111{30
ItK31
ItK32
RK33
RK34
RI(35
RK36
RK37

V59 T20 . .... .
V42 3G
V59 T 21
V53 liA
V59 1'40
V44 30
V59
Ts5
V45 3(1
V59
T60
V45 21)
V59 T100
V46 21)
V59
T125
V48 2N
V59
T200
V50 2N
V59
T300
V50 V59 T814
V50 3N
V59 T82'2 . . . V50 3N
V59 '
F133'.
V54 Fig. 54
V59 TUF20
V42 2T
V59 TW75
V46 21)
V59 TW 150 ..... 49 2N
V59
TZ20
V42 3(1
V42 41)
TZ40 . . . V44 3(;
V43 3G
UE100. . . V46 21)
V43 3G
UE468. . . V49 Fig. 57
VIO 41)
UH35 ... . V46 30
V19 5A
111150
V44 21)
V19 5F
UH51.
V44 21)
V43 3G
V70
V46 3N
VIO 4AT
V70A . . .
546 3N
V54 T-5('
V7011
V46 3G
V54 'l'- 5G
V70( '
V46 3(1
V40 4P
V701)
V47 30
V40 T-4m; VR75
V:i3 4AJ
V52 6BM
VR91). . ..
V33 4AJ
V4i 41)
VR105. _.
V33 4AJ
V20 41)
VR150...
V33 4AJ
V52 613M %rum
V25 41)
V52 61351
VT127A
547 T-413
V56 51
rr 191
V43 V56 5.1
WE304A.
V44 2I)
V43 21)
X6030
5'25 Fig, 4
V43 3G
XXII
V25 Fig. 9
5'44 211
X XD
XI
V24 8AC
X.XFM
V17
SAC
V41 T-7.1
13
X
V25 8BZ
V42 '1-71) 3
.'Z225.. . _ .
V39 41.
V44 21)
Z1368
V58 V47 21)
Z1160
V46 21)
V44 21)
ZI1120.
V46 4E

11K257
IIK25711
111(3011.
111(351
111(354c
111(3511)
IIK3511.
11K3511'
111(45111
111,4511. .
111(654
I1V12
11V1/1
115'27..
11Y6J50 -1' X
HY61.6GT X
11Y6V6(iT X
11Y24
H Y25
11Y307.
IIY31Z
11Y411
115407
11Y51 A
11Y5111 ... .
II Y517. .
IIY57
II 1'60
11Y61
II Y63
H5'65
H Y67
11 Y69
11Y75
HY75A
HY113
HY 11413... .
HY115
H Y 123
H Y 125
11Y145
11Y155
HY615

VIII
V56
V51
V411
v49
V49
V.I9
5 19
\ I
101
V51
V511
V411
V511
V4 I
V53
V53
V43
V43
V43
V44
V44
V45
540
545
V44
V53
554
V52
V5.5
V54
V42
V42
V31
V41
V:31
V:31
V31
V31
V31
V41

71SNI
711M
4B(.
2X
2X
2 ).
2 \
2\
2X
IN
2X
3X
2N
3N
60
7AC
7AC
41)
3G
4130
T-41)
3(1
3G
3G
3G
4130
3G
SAW
5AW
T-81)B
T-81113
T-51)113
T-51)
2T
2T
51(
2T'
54(7
5K
51(
5K
5k
T-SAG
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CHAPTER 27
VACUUM-TUBE BASE DIAGRAMS
The diagrams on the following pages show standard socket connections corre•:pondi ng to the base designations
given
in theTerminal
column headed
-Socket
throughout.
designations
are Connections
as follows: .'in the classified tube-data tables. Bottom .4iews are shown
A = Anode
Beam
11P
Bayonet Pin
BS = Ita .
se sleeve
C = Ext. Gutting

CI.=
=
F ▪
FE
G ▪

Collector = Heater
Deflecting Plate IC = Internal Con.
Filament
IS
Internal Shield
Focus Elect.
K
Cathode
Grid
NC
No Connection

P
Plate ( Anode) Ref = Reflector
Pt =
Starter- Anode S
Shell
Beam Plates
TA = Target
RC ---- hay- Control --= lnit
Electrod e • =-- Gas-Type Tube
.ttlIla wtieal subscripts
P, T and ¡ IX indicate, respectively, diode unit, pentode unit, triode unit or Itexode
unit in multi unit tvpes. Subscript M, T or CT indicates filament or heater tap.
Generalh when the No. Ipin of a metal- typ e tube in Table I, with the exceptio n of all triodes, is shown connected
to the shell. the No. 1pin in the glass (G or G'I') equivalent is connected to ari internal shield.
R.T.M.A. TUBE BASE DIAGRAMS
Bottom views are shown. Terminal designation s on sockets are shown abo‘e.
G
P
PIN p
NC
NC
T2
I
NC
NC
NC
G
NC
N

NC

20

F,,

NC

2N

Zr
3C
SC

NC

G

NC
36

NC

3N

3T

4AA

4A8

JUMPER

TABILIZING
ELECTRODES

4AD
4AH

4AJ

4AM

4AP

4AT
4B

4BR

488

4BU

4C

BP

4CN
BP

40

4F

Gs

413,1

4CG

4CK

40

4H
JUMPER

NC

4J
4M

4P
NC

4SA

4V

4X
4Z

SA

V6

VACUUM-TUBE DATA
R.T.M.A. TUBE BASE DIAGRAMS
Bottom views are shown. Terminal designations on sockets are given on page VS.

H
NC

SAG

5AA
NC
P
G

G2

K

H

P

NC

SAP

SAN

SAJ
G,
IC

P

62
62

G2

NC

H

H
5B

SAZ

5AY

SAW

F

P

NC
G,

F-

SBA

586

SBC

5BG

5BJ

58K

5BF

561

5BQ

H

NC

15

K
5CE

5C

5BU

G,
K

K

G2

63
H

SK

5F

5E

5D

5CF

G 4

5

H

H

H
K

NC

NC

NC 4

G,

H

62
F-

Ff

P

SI

NC

8H

6AB

6A

SZ

5U

NC

ST

G

NC

NC

F+

PD

P

F6,

NC
P

5R

5Q

SM
G2

NC
P

H
8ii C

is

5L

NC
GI

P

G,
A2

P

Hcr
KG,

H

Ce3
F

Ft.
NC

NC

6AD

NC

6AF

A,2

5K

H I

6 H

6AL

NC 346,
H

H

NC I

6AM

8

KG,

H 2

7H

G2

KG3

6AP

V7

CHAPTER 27
R.T.M.A. TUBE BASE DIAGRAMS
Bottom views are shown. Terminal designations on sockets are given on page V5.
GT

6,

5P

ç

NC

H

H

56 3

NC
6AU

P

6AW

6A Z

6AX

66B

6BH

P
2

G,
K

NC

sH
H

H

6BJ

6BM

6BQ

G,455C
63
F-

6BT

G,
Gz

P
NC

Fs
NC

5

6C

6BW
H

6CA

6CB

6CC

6CH

6CJ

6D

6E

6F

66

6K

6L

6M

6Q

P

H
6CN

H

6H

6J

Fs
6R

6RA

6Y

6Z

7AD

7AG

7AA

7AB

7A C

7AK

7AL

H
7AM

7AN

7AP

7A Q

7AR

V8

VACUUM-TUBE DATA
R.T.M.A. TUBE BASE DIAGRAMS
Bottom views are shown. Terminal designations on sockets are given on page V5.

H

G,

H

G
7AW

7AT

7A5
Ga

G,

7BA

7AZ

G71
Gr2

7BE
G2
1.1
G2

G
2

45
I

7BT

7B0

7BN
G,
3

a
6P

NC 2Fc,

7BZ

7BW
H

7CA

G2

NC

G,
7CE
H

7CN

7DB

7DC

7DF

Ss
K

7E

7L

7F

7H

7J

7$

7T

V9
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Bottom views are shown. Terminal designations on sockets are given on page VS.
P
6
2
P
p,
Guy
Grz
GrI
RN
G,
H
H
NC
7V

7X

P
r

KO

8AA
G

K1

H

8AB

TA

G

H

5

BAC

G

G,

BAD

G,,

K

8AE

P,

H
8AF

N
NC

8AG

BAL
G,4

G2

BAN

8A0

SAW

8AX

G,
KG,
P,
H

8AR

SAS

NC

8AV

H

H

)
4

H

8

8BD

88E

63
G,

63
3

11

H

H
88F

8BJ

KG,

62

88K

88L

85N

880
G
), Re

u

MGT

is

85R

885

8BU

8BV

88W

813V

8CH

8CJ

G

8DA

8DC
P

T2

800
Pp.

H

GoT
G29

P
O

H

2
8DJ

8DiS

80L

8E

G
P
,, 3

6 P,„

H

H

8F

V10
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Bottom views are shown. Terminal designations on sockets are given on page VS.
6
G4
3

5G'
63
G

G3.

6T

G3.

, p..Geg

G

61.
G3.4a

T,
P

Pr

6,

F
CT
F
8H

8G

8L

8N

80

8S

8T

au

H

8Q
PD ,

K

P

H

9A

8X

8W

8V

H

94 E

9AH

9PG

Is

9AM

9L

9H

G,

9N

95

90

G

NC
11 A

9V
1NT

NC

IC
A
NC

11 B

II

E

11F

11 M

Il N

I
2C

I
2H

14 A

14 B

14 F

Dt

I
2D

44.

V11
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Bottom views are shown. Terminal designations on sockets are given on page V3.

14G

BI

I4N

SUPPLEMENTARY BASE DIAGRAMS
A
H

FIG.4

Dz
F1G.6

FIG.5

Pr'

G,

FIG .8
G3F-

FIG.9

FIG.II

FIG. 12

F.
TOP RING

NC

NC

NC

VereNG

K

5K

G

ERMINAL
H

NC
FIG. 13

H

G2
FIG. 14

FIG 15
A

FIG. 16

A,

G

SIGNAL
PLATE

COLLECTOR

FIG, Il

FIG.I8

PATTERN
ELECTRODE CAP

G

G

G,

NC

NC

A,
H

H

FIG, 19

FIG.20

FIG.

G5F
-

COLLECTOR
H

H

NC

21

FIG. 24

F

TOP RING
NC

NC

IC

GE

BASE

NC

PIN

FIG 25

FIG. 26

FIG. 29
NC

FIG 30

NC

63

(e6

FIG. 39

FIG 40

FIG 47

FIG 49

FIG 50

FIG 51

FIG 53

FIG. 54
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SUPPLEMENTARY TUBE BASE DIAGRAMS
Bottom views are shown. Terminal designations on sockets are given on page V3.
CO NT RO L
ELECTRODE

RE FL EC T
OR
CAP CONTROL
EL ECTRODE
CO-As
IC
OUTPUT
1
C

AP
REFC
CONTROL
ELECTRODE
OR
2No RIN G

N
BNEG.

PIN
FIG.57

FIG 56

Boos

BITEN

FIG 59

FIG.61

FIG 60
G2 n K

REF

ID

CONTROL
E
LECTRODE
N

H

G,

e

F

FIG 63

FIG 62

Fig 64

F

No

Nc

Fig 65

c

Fig.66

SUPPLEMENTARY " T"-GROUP BASE DIAGRAMS

T- IA

T- IB
SL
OTp

SLOT
NC

NC
G,

G,

Gz
Ir
T- 36C

T-36

T-3AA

T-2AA

T-2A

G
NC

HK

F,
T-4AG

T- 44F

T-4AD

T-4A

T-466

T- 4E1

G,

T-4BD
NC

P

G2

GR

P.

T-4CB

T-4BG

T-4BE
NC

P
L

G

G,

G
Fcr

Ga

T-5CB

T- 4D

NC
H

T-8AC

T-7 DC

T- 6G

T- 5D0

840

1-806

I- SAG

T-911

T-91

T-91

TABLE I- METAL

RECEIVING TUBES

Characteristics given in this table apply to all tubes having type numbers shown, including metal tubes, glass tubes with " G" suffix, and bantam tubes with " GT" suffix.
For " G" and "GT" tubes not listed ( not having metal counterparts), see Tables II, VII, VIII and IX.
Type

Fil. or Heater
Socket
Connections
Volts Amp.

6A8

Name

Pentagrid Converter

6A87
1853

8A

Remote Cutoff Pentode

8N

6.3

0.3

6.3

0.45

Capacitance odd.
In

Use

PlateGrld

Out

Osc. Grid leak =
5000012
8

0.015 Class-A Amp.

Sharp Cutoff Pentode

8N

6.3

0.45

11

5

6AG7

Sharp Cut-off Pentode

0.015 Class-A Amp.

6AJ7

8Y

Sharp Cut-off Pentode

6.3

0.65

13

0.06

6AK7

Pentode Power Amp.

6.3

7.5

0.45

668

8Y

Duplex-Diode Pentode

6.3

0.65

8E

6.3

0.3

13

9

250

- 3.0

100

2.7

3.5

300

- 3.0

200

3.2

12.5

2.5

0.005

160*

150

Ou

- 3.0

130

Ter

300

Class -A Amp,

300

Class-A Amp.
Class-A Amp.

300

- 3

250

- 3.0

6C5

Triode

60

6.3

0.3

3

11

2

250

- 8.0

6F5

High-is Triode

5M

6.3

0.3

Class-A Amp.
Bias Detector

5.5

4

2.3

250

Class-A Amp.

- 17.0

250

- 1.3

Class-A; Pent. ,

250
315

Class-A; Triode

-16.5
-22.0

250

-20.0

Class-A82 Amp. ,
Class-AB, Amp. ,

375
375
330
350

340*
-26.0

6P6

6H6

Pentode Power Amplifier

75

6.3

0.7

6.5

13

0.2

Class-All, Amp. ,,

6J5

Twin Diode
Triode

70

6.3

0.3

60

6.3

0.3

3.4

6J7

Sharp Cut-off Pentode

7R

6.3

0.3

7

6K7

Variable-µ Pentode

7R

6.3

0.3

6K8

Triode-Hexode

8K

6.3

0.3

Rectifier

7

3.6
12
12

3.4
0.005
0.005

Beam Power Amplifier

7AC

6.3

0.9

10

12

0.4

54/77
34/82

--

50/61
48/92

34

8

250
350

P). Class A;

250
250

5.0/7.3
2.5/7.0

270

- 14.0
- 18.0
125"

72/79
54/66

270

- 16.0
- 17.5

134/145

P.P. Class A,

250
270

11/17

250
270

10/16
11/17

250'

270

120/140
134/155

Pe. Class As,

360
360

5/17

-22.5

270

88/100

360
360

5/15

-18.0
-22.5

225
270

88/132

P.P. Class AB2 3

250

- 3.0

78/142
88/205

100

3.5/11
5/16
5.5

250

- 6.0

150

8.3

6R7

0.3

300

7V

4.8

7R

3.8

250

Remote Cut-off Pentode

0.3

Triode Amp.

657
65A7

6.3

Pentagrid Converter

6.3

0.15

6.5

13R 8

10.5

6.3

0.3

2.4
Triode Amp.
0.005 Class-A Amp.

1000000

9000

130000

11000

650000

1125

10000
2000
Pate current adj us t
ed to 0.2

- 8.0

o

-

---

6AG7

10000

3.0

6AK7

6AJ7

730

688

20
ma. with no signal

----

800 00

2500
2650

200
200

7000

3.2

7000

5.0

2600
2600
6.8
Power output for 2tubes at
stated load, plate-to-plate
----

--

7700

2600
1225

6

- 3.0

250

- 9.0

250

- 3.0

100

10.5
2.5

5.3
3.3
35/70

600000

.---

4000

22500
33000

6000
5200

24500
23500

5500
5700

19.0
18.5

800000
Over 1moo.
58000

2.0

9.5
8.5

8500
1000000

Converter

-1

100

100

8.0

100

3.4

800000

250

- 1

100

10.2
10

3.6
3.8

500000

6.8/6.5
2.0

1000000
53000

1100

6146

---

6J5
6J7

0.5 meg.
990

6K7

-----

--

2500
4500

6.5
6.3

2500
4200

6.5
10.8

5000

18.5

5000
5000 8

14.5
17.5

9000

24.5

1200

61,6

617

10.0
--

6N7

16
10000
0.28
----

6R7

70

8000
---

Grid No. 1resistor 20000 ohms
900
950
1325

6K8

6600 8 26.5
6000 8 31.0
3800 8 47.0

Oseillator-grid(No 3)voltoge =- - 15

1900
1750

6F6

9
13

1500 ----.

Powei output for 2 tubes.
Load plate-to-plate

1.1

250
22000 , 12000 , 12.6/12.5
250 - 2.0

1650

20

6F5

0.85

10000 8
100008
10000 ,
6000'

Oscillator peak volts = 7.0
Triode Plate ( No. 2) 100 volts, 3.8 ma.

250

03

6C3

100

Converter
Converter
Ose. Section In 88-108 Mc. Serv.
-- I -- ' Class-A Amp.

6AC7
1852
3.0

1500

75 000

6A8

1UOUU

66000

0.5
2.0
1.3 meg.
Cathode current 0.43 ma.
2.6

9

o hms

Type

6A117
1853

Max. ex. voltage per plate = 150 r.m.s. Max. output current 8.0 ma. d.c.

Single Tube
Class A,

6.3

0.3

8/18
5/19.5

75/78
51/54.5

7V

6.3

250
250

5. 4 /7 .2
3.0/4.6

Duplex-Diode Triode
Duplex-Diode Triode

85

6.5
8.0

100

607

Twin-Triode

250
315

0.2
36
42

230
200

Mixer
Class-8 Amp.

65C7

8.0

170'
220'

0.8

9.2

30
9.0

- 3.0

0.3

9.6

TO

2.3

250
300

6.3

0.3

7

125

250

88

6.3

150

250

Twin Triode

8R

6750

tuti0

Mixer

6N7

Pentagrid Converter

9000

IJUUUU

Converter

R.F. Amp.

6587Y

1000000

250

6.3

1.4

10

Bias Detector
R.F. Amp.

7T

Anode-grid (No. 2) 250 volts max. thru 20,000

.tu ,'JU.3

- 3.0
100
- 4.3 _ 100
- 3.0
125
-10.0
100

Pentagrid Mixer Amplifier

Load
Power
Amp.
Factor Resistance Output
Ohms
Watts

3500

250

250

Tronsconduetanee
Micromhos

5000

LS

730* --38
-

Plate
Resistance
Ohms

700000

2)0

61.7

3.8

Plate
Current
Ma.

Class-A Amp.

P.P. Class

5

Screen
Current
Ma.

R.F. Amp.

Single Tube
Class A;

61.6

Screen
Volts

300

Class-A; Amp.

7.5

6

Grid
Bias

Converter

6AC7
1852

8N

Plate
Supply
Volts

607
657
6SA7
6SB7Y

70

6SC7

TABLE I- METAL
Socket

Name

Type

Connert1ons

Fil 'or Heater

Capacitance ppfd.

Volts

In

Amp.

Out

Plate-

RECEIVING TUBES- Continued
Plate
Supply
Volts

Use

Grid

Grid
Blee

Screen
Screen
vol ..
Current
''
Ma.

Plate
Current
Ma.

Plate
Resistance
Ohms

Transcon.
ductance
Micromhos

Amp.

Fac ta '

Load
Power
Resistance Output
Ohms
Watts

6SF5

14!gh-s; Triode

6A8

6.3

0.3

4

3.6

2.4

Class-A Amp.

250

- 2.0

--

-•-•

0.9

66000

1500

100

-

6SF7

Diode Variable-p Pentode

7AZ

6.3

0.3

5.5

6

0.004

Class-A Amp.

250

- 1.0

100

3.3

12.4

700000

2050

--

-

-

6SG7

lemivariable-u Pentode

88K

6.3

0.3

8.5

7

0.003

H.F. Amp.

250

- 2.5

150

3.4

6SH7

Sharp Cut-off Pentode

150

4.1

10.8

900000

65.17 '

Sharp Cut-off Pentode

8N

6.3

0.3

6

7

0.005

Class-A Amp.

250

- 3.0

100

0.8

3

6SK7

Variable-µ Pentode

8N

6.3

0.3

6

7

0.003 Class-A Amp.

250

- 3.0

100

2.4

9.2

6507

Duplex-Diode Triode

3.0

1.6

Class-A Amp.

250

- 2.0

-

6587

Duplex-Diode Triode

2.8

2.40

Class-A Amp.

250

- 9.0

-

88K

80
80

6.3

6.3
6.3

0.3

0.3
0.3

8.5

3.2
3.6

7

0.003

Class-A Amp.

250

- 1.0

9.2

-

65F5
6SF7

4000

-

-

-

6SG7

4900

----

-

-

65H7

1500000

1650

2500

-

-

6SJ7

800000

2000

1600

-

-

6SK7

0.8

91000

1100

100

-

-

6507

9.5

8500

1900

16

-

-

6587

9.0

1000000

1850

-

-

6557

9.5
7.5

8500

1900

-

-

6587

-

-

6SV7

6557

Variable.» Pentode

8N

6.3

0.15

5.5

7.0

0.004

Class-A Amp.

250

- 3.0

100

6587

Duplex-Diode Triode

80

6.3

0.15

2.8

3

1.50

Class-A Amp.

250

- 9.0

----

65V7

Diode R.F. Pentode

7AZ

6.3

0.3

6.5

6

0.004 Class-A Amp.

250

- 1

800000

3400

65Z7

Duplex-Diode Triode

80

6.3

0.15

2.6

2.8

1.10

Class-A Amp.

250

- 3

-

-

1.0

58000

1200

70

-

---

6SZ7

617

Duplex-Diode Triode

7V

6.3

0.15

1.8

3.1

1.70

Class-A Amp.

250

- 3.0

-

-

1.2

62000

1050

65

-

----

687

Class-Al Amp. ,

250

-12.5

250

4.5/7.0

45/47

52000

4100

218

250

-15.0

250

5/13

70/79

60000

3750

-

,

4.5
10.0

6V6

285

-19.0

285

4/13.5

70/92

65000

3600

--

8000 ,

14.0

250

- 3.0

100

6.5

6V6

7AC

Beam Power Amplifier

6.3

0.45

2.0

7.5

0.7

Class-AB; Am p.'

1611

Pentode Power Amplifier

75

6.3

0.7

.-

-

-

Audio Amp.

1612

Pentagrid Amplifier
Sharp Cut-off Pentode

7T

6.3

0.3

7.5

11

0.001

Class-A Amp.

78

6.3

0.3

-

-

Class-A Amp.

1620

-

1621

Power Amplifier Pentode

75

6.3

0.7

-

1622

Beam Power Amplifier

7AC

6.3

0.9

-

1851

Television Amp. Pentode
Sharp Cut-off Pentode

78

6.3
6.3

0.45
0.3

11.5
5.3

5693

*Cathode resistor-ohms.

8N

--

--

Class-A; Amp. ,

tied to plate.
For 6SA7GT use base diagram 8AD.

300

330

500'

.--

300

-20.0

250

Class-A Amp.

300
250

- 2.0

150
100

0.005- Class-A Amp.

1 Screen

-30.0

Class-A; Amp.

6.2

2.8

150

16
-

5000
10000

5.3

600000

1100

880

i_ --

-

Characteristics same as 6J7
300

0.02

-

Characteristics same as 6F6

Class-AB2 Amp. ,

5.2

2.0

Over 1meg

Type

1

- 3

1611
1612
1620

6.5/13

38/69
55/59

-

-

-

4000 4
5000 ,

4/10.5

86/125

-

•-•

-

4000

10.0

1622

750000

9000

6750

-

-

T000000

1650

-

-

1851
5693

2.5
0.85

10
3.0

-

-

-

7 Grid

bias- 2 volts if separate oscillator excitation is used.
Values are for single tube.
4Also Type "65.17Y."
, Values are for two tubes in push -pull.

5.0
2.0

1621

Max.- signal value.
Plate- to- plate value.
grid leak-Scrn res

7

9 Osc

TABLE II - 6.3-VOLT GLASS

TUBES WITH

OCTAL BASES

(For " G" and "GT"-Type Tubes Not Listed Here, See Equivalent Type in Table I; Characteristics and Connections Will Be Identical)

Name

Type

Fil. or Heater
Socket
Connerlions
Volts Amp.

Capacitance ppfd.
In

Out

PlateGrid

,Use

Plate
Supply
Volts

Grid
Bias

Screen
Volts

Screen
Current
Ma.

Plate
Current
Ma.

Plate
Resistance
Ohms

2822

Diode

Fig. 37

6.3

0.75

2.2

-

-

U.h.f. Detector

2C22

Triode

4AM

6.3

0-.3

2.2

07

3.60

Class-A Amp.

3.
6(F

-10-3-

-

-

n

6-660

Class-A Amp..

250

-45.0

--

-

60

800

P.P. Class All ,

325

-68.0

-I

-

80

-

P.P. Class Alt ,

325

850*

80

-

6A5GT

Triode Power Amplifier

6AB6G Direct-Coupled Amplifier

61

7AU

High-p Power-Amplifier
6ACSGT6Q
Triode

6.3

6.3

1.0

0.5

-••--

-

6.3•
0.4
•-•.--

6AC6G Direct-Coupled Amplifier

7AU

6.3

1.1

6AD5G High-uTriode

60

6.3

0.3

6AD6G 4uElectron-Ray Tube

7AG

6.3

0.15

-

6AD7G Triode-Pentode

BAY

6.3

0.85

-.....

6AESGI, Triode Amplifier

60

6.e 0.3

-

-

---

.......

-.

....
4.1

-

-

3.9

3.3

-..-

--

-

-

Class-A Amp.

Amp.
"' "'

Load
Power
Resistance Output
Ohms
Watts

Ave age ca hode Ma. = 5; Output volts = 50 d.c.; Load resistance = 100001:.

250

0

250

o

P.P. Class 8,

250

0

Dyn.-Coupled

250

Class-A Amp.

T
ductance
Micromhos

180
180

-

Input
Output
-

.--

-

-

0

Input

0

Output

Class-A Amp.

250

Indicator

100

Triode Amp.

250

Pentode Amp.

250

-16.5

250

Class-A Amp.

93

-113.0

-.

.-

5.0
34
5.0
32
7.0
45

20
4.2

5250

3000

,

15.0

-

5000

,

10.0

40000

1800

72

8000

36700

3400

125

10000
7000

••••••

3000

54

4000

•-

1500

100

-25.0

7.0

80000

3500

2500

---•

1200

4.2

-•

7000
-

2C22

3.75

-

0 for 90*; -23 for 135 ;45 for Cr. Target current 1.5 ma. ter tr.
--4.0
154*6
6.0
323
34

-

2500

-

6.5

2822

-

- 2.0

-

0.9

3000

Type

3.3
,

6A5G1

6.6.86G

8.0
3.7

6ACSCT

3.8

6AC6G

-

6AD5G
6AI:16G

3.2
-

6AD7G
6AE5G

TABLE II- 6.3- VOLT GLASS TUBES WITH OCTAL BASES- Continued

Type

Name

MI. or Heater
Socket
C
•
lions
Volts Amp.

Capacitance rapfd.
In

Out

Use

Plateodd

Plate
,

Su p"

Volts

Grid
Bias

Screen
Volts

Screen
Current
Ma.

Plate
Current
Ma.

Plate
Resistance
Ohms

Trans conducionce
Micromhos

Amp.

F.......

"'''"

Lead
Power
Resistance Output
Ohms
Watts

6AE7GT 10 Twin-Input Triode

7AX

6.3

0.5

•-•=••

-

-

Driver Amplifier

250

-13.5

-

-

5.0

6AF5G

Triode

60

6.3

0.3

-

-

-

Class-A Amplifier

180

-18.0

-

.---

7.0

6AF7G

Twin Electron Ray

SAG

6.3

0.3

-

=--

-

indicator Tube

6AG6G 11, Power-Amplifier Pentode

75

6.3

1.25

-.

.-

.-=-•

Class-A Amplifier

250

- 6.0

250

6.0

6AH5G

Beam Power Amplifier

6AP

6.3

0.9

-n-

-

•••••

Class-A Amplifier

350

-18

250

--.=

6AH7GT

Twin Triode

811E

6.3

0.3

-...

•-•

-

Converter 8. Amp.

250

- 9.0

.---

--.

12

6AL6G

Boom Power Amplifier

6AM

6.3

0.9

-..

=-

-

Class-A Amplifier

250

-14.0

250

5.0

72

.-

-.-

.--

1.5

2.8

Class-A Amplifier

7

2400
16
.6000
2500
6.5
Outer edge of any of the three illuminated a eat displaced % 6 in. min. outward with + 5 volts
to its electrode. Similar inward disp. with -5 volts. No pattern with -6 volts grid
250
- 2.0
..--.
2.3
44000
1600
70
-

0.55

Class- A Amplifier

250

-22.5

250

5

D.C. Amplifier
Class-Ai Amp. P.P.

135
250

250*
2500*

.-

.-

Hors. Def. Amp.

450 11 -50 11

-

-

500 11

6AL7GT

Electron-Ray Tube

8CH

6.3

0.15

6A07GT

Duplex Diode Triode

8CK

6.3

0.3

6AR6

Beam Power Amp.

6BQ

6.3

1.2

2.3
11

6AS7G

Low-Mu Twin Triode

8BD

6.3

2.5

-

6AU5GT

Beam Pentode

6CK

6.3

1.25

11.3

7

0.5

Indicator

6AV5GT

Beam Pentode

6CK

6.3

1.2

-•-=

-

-

Herz. Def. Amp.

6B4G

Triode Power Amplifier

SS

6.3

1.0

-.-

-

•-•-•

Power Amplifier

6860

Duplexeriode High-s Triode

7V

6.3

0.3

1.7

3.8

6BD5GT

Beam Pentode

6CK

6.3

0.9

6111.7GT

Double Triode

1111D

6.3

1.5

4.4

61106GT

Beam Pentode

6AM

6.3

1.2

-=,-,

61106

Beam Power Amplifier

5BT

6.3

0.9

11

6C80

Twin Triode

SG

6.3

0.3

-

-

6CD6G

Beam Pentode

5BT

6.3

2.5

26

10

61/111G

Pentagrid Converter

SA

6.3

0.15

601G 1.
1

Triode-Hexode Converter

80

6.3

0.3

-

6F8G

Twin Triode

8G

6.3

0.6

-

-

-

1.7
••=-.

6.5

-..-

Deflection Amp.

550 11

-...=

-150

0.5

Deflection Amp.

700 11

-50 11

-,

Amp. 1 Section

250

- 4.5

Def. Amp.

-

325 11

- 9

......

10000

.--

8500

33000

5200

.-

4200

77
125
100/106

Converter

250

- 3.0

••••=...

Converter

250

- 2.0

100 11

Amplifier

250

- 8.0

-«-

Class-A Amplifier

180

180

Class-A Amplifier ,

180

- 9.0
-12.0

100

6.3

0.15

-

-••••

-•

Detector

6H8G

Duo-Diode High-s Pentode

8E

6.3

0.3

-

-

-

Class-A Amplifier

250

- 2.0

100

6180 1,

Triode Heptode

8H

6.3

0.3

Converter

250

- 3.0

100

6K5GT 10

High-o Triode

5U

6.3

0.3

230

- 3.0

.--

6K6GT

Pentode Power Amplifier

75

6.3

0.4

6L5G

Triode Amplifier

60

6.3

0.15

6M6G 111

Power Amplifier Pentode

75

6.3

1.2

6M70

Pentode Amplifier

7R

6.3

6M8GT

Diode Triode Pentode

!MU

6.3

.-

-

-

3.1

-

15

.-

-

-....

-

-

4.0

-

8.S

2.8

-

-

-

-

Class-A Amplifier

250

- 6.0

250

4.0

36

0.3

-

...•

-

R.F. Amplifier

250

- 2.5

125

2.8

10.5

0.6

-.-

0.5
8.5

6P7G 1,

Triode-Pentode

7U

6.3

0.3

-

6PlIG

Triode-Hexode Converter

8K

6.3

0.8

-

606G

Diode-Triode

6Y

6.3

0.15

-.

6R6G

Pentode Amplifier

6AW

6.3

0.3

6S6GT

Remote Cut-off Pentode

SAX

6.3

0.43

658GT

Triple Diode Triode

8C11

6.3

0.3

1.2

5

6SD7GT

Medium Cut-off Pentode

IIM

6.3

0.3

9

7.5

6SE7GT

Sharp Cut-off Pentode

8N

6.3

0.3

5

7.5

4.5
-

-=.=

Triode Amplifier

100

Pentode Amplifier

100

Power Amplifier

- 3.0

«...-

.=•=.

-

100

-

6A1/SGT
6g4G

-

6B6G

I

-

38 I

-

611D5GT
-

6B06GT
611G6
6C8G

Anode grid ( No. 2) Volts = 250 ,

6D8G

Peak pos. plate pulse = 6000 volts.

7700
175000
4750
.....

L-13.5

-

-

6CD6G
6E8G

2600
2300

20
400

2000
-

9.5

.-..
10000
12000

-

-

1.1
0.25
-

650000

1400

70

-

-

8.0

Converter

250

- 2.0

Class-A Amplifier

250

- 3.0

11

0.007 Class-A Amplifier

250

- 3.0

100

1.7

-.

-

R.F. Amplifier

250

- 2.0

100

3.0

Class-A Amplifier

250

- 2.0

.0035 R.F. Amplifier

250

- 2.0

100

.005

250

- 1.3

100

75
-

-

1.4
-

6FIIG
6G6G
6H4GT
6J80
6K6GT

-

1900

-

9300

-

7000

900000

3400

-

-

-

6M7G

91000
200000

1100
1900

..-

-.-

-

6meGT

-.•-

-

1450

13.8

.....
-

-

5.0

9500

17

-

-=4.4

Characteristics some as 6F7-Table IV

-

6BL7GT

J .....

Characteristics same as Type 6115-Table IV
250

Class-A Amplifier

R.F. Amplifier

-

Characteristics same as Type 41-Table IV

-

2

14 I

6AS7G
6AU5GT

6K5GT

- 9.0

Class-A Amplifier

1450

I

6AR6

61411G

250

2.6

I

7000

6AQ7GT

50000

Class-A Amplifier

-

I

6AL7GT

1.1

2.8

5.5

-

6AH7GT
6AL6G

2400
-.
..Anode-grid (Na. 2) 250 volts max. , 5 ma.

Class-A Amplifier

-

-

6AH50

1.2

=••=-.

3.4

26000

9,

2.5

5.0

..--=.

2000

Cathode current 13.0Ma.

Class-A Amplifier

0.8

--

Peak pos. plate pulse = 4000 volts.

170 11

2.0

0.3

13

Peak pos. plate pulse = 5000 volts.

100 11

3.6

6.3

6000 ,

Triode Plate 150 volts

5AF

6.3

2.1

Peak pos. plate pulse = 6000 volts.

Diode Rectifier

60

7500
225,

--.-

6H4GT

7AU

--

-.-

-

Triode Amplifier

-

Peak pos. plate pulse = 4000 volts.

0.15

Direct-Coupled Amplifier

95

100 11

6.3

6P5GT 10

280
280

5400

-.=

100

-.

6N6G 10

21000

350

75

2.8

10.8

22500

40 1

Pentode Power Amplifier

.....

3.75 6AG6G

6600

,

1001 1

6G6G

2.4

6AE7GT
6AF5G

•••-•

175 11

-

-=-

-

-

7001 1 -5011

-

.-.-

32
-•

Characteristics same as Type 75-Table IV
325 11

Hors.

=-.
-

175 11
100 11
Peek pos. plate pulse = 4500 volts.
Characteristics same as Type 6A3-Table IV
..

250

1.0

14
7.4

-5011

Detector-Amplifier
Class-A Amp.

4

1500
1500

6AF7G

Hors. Def. Amp.

1.1

9300
.-

Type

1.5

6L50
6M6G

6N6G
6P5GT
6P7G

Triode Plate 100v. 2.2 ma.

61,11G

1.2

-

1050

65

-

-

606G

7.0

-

1450

1160

-

-

6R6G

350000

4000

-

-

-

6S6GT

0.9

91000

1100

-

-.-

6S8GT

1.9

6.0

1000000

3600

-

-

-

65D7GT

1.3

4.5

1100000

3400

3730

-

-

6SE7GT

-.-.

13

100

TABLE 11-0.3-VULI
Socket
Type

Name

Fil. or Heater

COMallt

lions

Volts

Amp.

SaLAbb

WISE> min

Capacitance Md.
In

Use

Pl ateGrid

Out

Plate
Supply
Volts

%maw'.

Grid
Bias

DP13C3%.1.......•

Sueen
Volts

Screen
Current
Ma.

Plate
Current
Ma.
10.8

6SH7L

Pentode R.F. Amp.

8BK

6.3

0.3

-.

-

-

Class-A Amplifier

250

- 1.0

150

4.1

6SL7GT

Twin Triode

8110

6.3

0.3

••••••

-

----

Class- A Amplifier

250

- 2.0

....

-.--

2.3

-...

9.0'

6SN7GT
6s100.
FA Twin Triode

880

6.3

0.6

-

..-

-

Class-A Amplifier

250

- 8.0

6SU7GTY Twin Triode

811D

6.3

0.3

-

-

-

Class-A Amplifier

250

- 2.0

6160M

Amplifier

6Z

6.3

0.45

-.

-

-

Class- A Amplifier

250

- 1.0

100

6U6GT

Beam Power Amplifier

7AC

6.3

0.75

...

-

-

Class-A Amplifier

200

-14.0

135

6U70

Varlable-x Pentode

71

6.3

0.3

5

9

Duplex Diode-Triode

7V

6.3

0.3

2

3.5

6W6GT

Beam Power Amplifier

7AC

6.3

1.25

.-.

6W70

Pentode Del. Amplifier

71

6.3

0.15

S

6X613

Electren-Ray Tube

7AL

6.3

0.3

-•

6166

Seam Power Amplifier

7AC

6.3

1.25

15

Twin Triode Amplifier

1111

6.3

0.3

6V70

10

6170

'
5

6Z70

"

Twin Triode Amplifier

81

6.3

0. 3

Class-A Amplifier

.007

Detector-Amplifier

-

Class-A Amplifier

135

- 9.5

135

.007

Class-A Amplifier

250

- 3.0

100

-•

Indicator Tube

250

Class-A Amplifier

135

-13.5

135

-

0.7

8

Class-11 Amplifier

.-..

Class-11 Amplifier

...
•-•-

Class-A Amplifier

-180
120

0
- 2.0

..-

3.0

88K

6.3

0.175

--

-.

6.3

0.3

-

.-

Class-A Amplifier

1635

Twin Triode Amplifier

811

6.3

0.6

Class-B Amplifier

400

0

5691

Hi-Mu Twin Triode

CID

6.3

0.6

•--. «-•-.•••• -••••
2.4 , 2.3
2.7 8 2.7 8 3.6 8

Class-A Amp.

250

- 2

-.

-

5692

Medium-Mu Twin Triode

CID

6.3

0.6

2.3
2.6 8

Class-A Amp.

250

- 9

.-

-

5881

Beam Power Amp.

7AC

6.1

0.9

-.

-

-•-••••

7000

Low-Noise Amplifier

78

6.3

0.3

-.

-.-•

-.•

Class-A Amplifier

*Cathode resistor-ohms.
Per plate.

-VOLT LOCK-IN- BASE TUBES

Ty"

Name

Socket
Cannai.
lions

Heater

Capacitance pfd.
Pl at
e-

Volts

Amp.

In

Out

Use

Grid

Plate
Supply
Volts

Grid
bias

Triode Amplifier

SAC

7.0

0.32

3.4

3

4

Class-A Amplifier

250

- 8.0

Beam Power Amplifier

6AA

7.0

0.75

13

7.2

0.44

Class-A: Amplifier

125

- 9.0

7A6

Twin Diode

7AJ

7.0

0.16

-.-

Rectifier

7A7

Remote Cut-off Pentode

8V

7.0

0.32

6

7

250

- 3.0

7A8

Mulligrid Converter

8U

7.0

0.16

7.5

9.0

0.15

Converter

250

- 3.0

7AD7

Pentode

8V

6.3

0.6

11.5

7.5

0.03

Class-As Amp.

300

741F7

Twin Triode

SAC

6.3

0.3

2.2

1.6

2.3

Class-A Amp.

250

7AG7

Sharp Cut-off Pentode

11V

7.0

0.16

7.0

6.0

0.005

Class-A: Amp.

250

250*

TART

Pentode Amplifier

8V

6.3
_

0.15

7.0

0.005

Class-A: Amplifier

250

7AJ7

Sharp Cut-off Pentode

8V

6.3

0.3

6.0

6.5
_.
6.5

0.007 Class-A: Amp.

Screen
vol ._
"'

6SN7GT
6SITIGTA

-

6SU7GTY

6SL7GT

3000

••••••

60.0

9300

2.3

'

6.5'

.-

6160M

5.5

6U6GT

..---

7000 --.-

•-•

6W6GT
6W7G
6X6G

2000

3.6

12000

4.2

6Y6G
6170

..--

2.5

woo

--...-

---

-•-•

-

14000

17

6Z70
717A
1223

44000

1600

70

-

9100

2200

18

-...

1635
5691

.-

5692
5881
7000

scent nu .

No. 2 triode.
5 Peak c.f. volts G-G.

Plate-to-plate value.
No. 1triode.

6U70
6V70

3.3

2000

215

Screen
Current
Ma.

Plate
Current
Mo.

Plate
Resistance
Ohms

Transconductance
Micremhos

Am ,.

F....!:

`""

1,

Max. Val».

3.1

3.0

50000

150

7.0

28.0

300000

--

.-

9.0

7600

2100

16

250

2.0

6.0

750000

4200

.-

250*

250

1.9

6.8

1000000

.-

950

- 3

100

0.7

100

- 1

100

1.8
21

2.2 __ _1 Meg.
.
400000
5.5

3300
1575

150

68*
-10

0

90

Sharp Cut-off Pentode

CV

6.3

0.8

9.5

4

SAC

7.0

0.32

3.6

3.4

1.6

Class-A: Amp.
Class-A Amplifier

250

- 2.0

...-

715

Pentode Power Amplifier

6A1

7.0

0.43

3.2

3.2

1.6

Class-A: Amplifier

250

-18.0

250

736

Duo-Diode Triode

IIW

7.0

0.32

3.0

2.4

1.6

Class-A Amplifier

250

- 2.0

-

787

Remote Cut-off Pentode

IIV

7.0

0.16

5

7

Class-A Amplifier

250

- 3.0

100

718

Pentagrid Converter

8X

7.0

0.32

10.0

9.0

Converter

250

- 3.0

100

Load
Power
Resistance Output
Ohms
Watts
-

7A7
7A8
7AD7

-

•---.•

7AF7

-.

-

7AH7

TAG?

2271-

.-

-.-, n ..
' '''''
-.
--

-

---

---

7AK7

-

--.-

7114

3.4

7115

-.-

716

11500

5500
1300

100

32/33

68000

2300

-•••-•

1.0

91000

1100

100

-•

2.0

8.5

700000

1700

1200

--

2.7

3.5

360000

-

7A5
7A6

66000

5.5/10

7A4

1.9
-.•

0.9

40

Type

.-.

2700

Anode-grid 250 volts max.'
-9500

100

High-to Triode

0.2

--

•-•

20
2600
7700
9.0
17000
6100
37.5/40
3.2/8
125
Max. A.C. volts per plate- 150. Max. Output current- 10 ma
2000
1600
800000
8.6
2.0
100

7AK7

.005

70

3500

-

764

12

1600

6SH7L

For other lock-in-base typai see Tables VIA, IX, and X

7AS

.005 Class- A Amplifier

.-..

--

Characteristics same as Type 6J7-Table

7A4

•-•

20

1000000

Type

Characteristics same as 6L6 Table I

Values ore for single tube.
Values are for two tubes in push-pull.

'Screen tied to plate.
Through 20,000-ohm dropping resistor.

2600

4000
390000
7.5
2.5
Characteristics same as 6C6-Table IV
10/63
--

71

Audio Amplifier

7700

Characteristics same as Typo 79-Table IV
-•-•.--.
8.4
-.

Sharp Cut-off Pentode

8

-

:1850
1225
1500000
0.5
2.0
0 v. for 300*, 2 ma. -8 v. for 0*, 0 ma. Vane grid 125 v.

Sharp Cut-off Pentode

3.3

70

Characteristics same as Type 85-Table Ill
9000
61.0
12.0

1223

5

1600

6200
56
20000
3.0
Characteristics same as Type 6D6-Table Ill

717A

2.7

.-

-

4900

-•
120

Load
Power
Amp. Resistance Output
Ohms
Watts
c ..

F. t__

44000

44000

10

2.0

Tr ductance
Micromhos

900000
,

2.3

-

1.7

8.5

-•-••

--.

Plate
Resistance
Ohms

7600

Anode-grid 250 volts max.'

707
788

TABLE

Type

Heater
Socket
Conneclions
Volts Amp.

Name

- 7-VOLT LOCK-IN- BASE TUBES- Continued

Capacitance plaid.
In

Out

PlateGri
d

9.5

Use

Plate
Supply
Volts

Grid
Bias

Screen
Volts

Screen
Current
Ma.

Plate
Current
Ma.

250

4.5/7

45/47

Plate
Resistance
Ohms

TransconLoad
Power
Amp.
ductonce
Resistance Output
Micromhos Factor Ohms
Watts

7C3

Tetrode Power Amplifier

6A A

7.0

0.48

9.0

0.4

7C6

Duo-Diode Triode

Class-A iAmplifier

8W

250

7.0

-12.5

0.16

2.4

3

1.4

7C7

Class-A Amplifier

Pentode Amplifier

250

8V

- 1.0

7.0

0.16

5.5

6.5

7D7

Class- A Amplifier

Triode-Hexed° Converter

8AR

250

- 3.0

7.0

0.48

-

-

-

Converter

7E6

250

Duo-Diode Triode

8W

7.0

- 3.0

0.32

-

-

-

7E7

Class-A Amplifier

Duo-Diode Pentode

CAE

250

- 9.0

7.0

0.32

7F7

Twin Triode

Class-A Amplifier

230

8AC

7.0

- 3.0

0.32

Class-A Amplifier ,

250

- 2.0

250

- 2.5

180

- 1.0

12.0

8500

7000

250

- 2.0

100

2.0

6.0

800000

4500

-

-

R.F. Amplifier ,

250

- 2.5

100

0.8

4.5

225000

2100

-

-

R.F. Amplifier

250

- 2.5

150

2.5

9.0

1000000

3500

-

7F8

Twin Triode

4.6

.007

4.6

-

.0G5

-

-

8BW

6.3

0.30

2.8

1.4

7G7

/
1232

Sharp Cut-off Pentode

8V

7.0

0.48

9

7

7G8/
1206

Dual Tetrode

8BV

6.3

0.30

3.4

2.6

7H7

Semi-Variable-u Pentode

8V

7.0

0.32

8

7

1.2

R.F. Amplifier

.007 Class-A Amplifier
0.15
.007

-

---

100
-

-

100
-

-

7J7

Triode-Heptode Converter

8AR

7.0

0.32

-

-

---

Converter

Duo-Diode High... Triode

250

8BF

- 3.0

7.0

0.32

-

--

-

Class-A Amplifier

7L7

Sharp Cut-off Pentode

250

8V

- 2.0

7.0

0.32

8

250

- 1.5

8AC

7.0

0.6

3.4 ,
2.9 4

100

Twin Triode

.01
3.0 3
3.04

Class-A Amplifier

7N7

6.5
2.0 .,
2.4 4

Class-A Amplifier ,

250

- 8.0

---

707

Pentagrid Converter

8AL

7.0

0.32

-

Converter

7R7

Duo-Diode Pentode

250

8AE

7.0

0.32

757

Triode Hexode Converter

8BL

7.0

0.32

777

8V

7.0

0.32

7V7

Pentode Amplifier
Sharp Cut-off Pentode

8V

7.0

0.48

9.5

6.5

7W7

Sharp Cut-off Pentode

8BJ

7.0

0.48

9.5

7.0

-

-

7X7

Duo-Diode Triode

8BZ

6.3

0.3

1231

Pentode Amplifier

8V

6.3

0.45

1273

Nonmicrophonic Pentode

8V

7.0

0.32

-

3.6

5.3

-

.004 Class-A Amplifier

7700

8.0

3.4

800000

10

300000

Class-A Amplifier
.015 Class-A Amplifier

250

- 1.0

-

300

200•

150

2.5

250

- 3.0

100

- 1.0

100
100

0.7
1.8

250

- 8.0

-

-

V.T.V.M. Rectifier

-

-

Oscillator

2C21 /
1642
6A3

Twin-Triode Amplifier
Triode Power Amplifier

M.
M.

7BH
4D

Volts

In

6.3
6.3

0.6

-

1.0

Out
-.--

7.0

5.0

6A4 #

Pentode Power Amplifier

M.

5B

6.3

0.3

--

--

6A6

Twin Triode Amplifier

M.

76

6.3

0.8

-

-

6A7

Pentagrid Converter

6AB5/6N5 Electron-Ray Tube
6AF6G

Electron-Ray Tube
Twin Indicator Type

PlateGrid
16.0
....

Plate

Use

Su PP ly

Volts

Screen
Volts

Screen
Current
Ma.

-16.5

--

--

250

-45

-

-

Class ABI Am13.
1°

300
300

-62
850.

Class-A Amp.

180

-12.0

..

250

300

7C

6.3

0,3

8.5

Converter

250

S.

6R

6.3

0.15

-

-

-.--

Indicator Tube

180

S.

7AG

6.3

0.15

-

-

-

I
n di ca t
or T
ub
e

133
100

0.3

Grid
Bias

----

7G8/
1206

---

7H7
7J7

20

-

--.

Grid No

0

7N7

-

2300

777

-

7V7

--

7W7

-.--

7X7

Triode No. 1.

--

1231
1273

-20

7R7

-

-..».

5679
XXL

Triode No. 2.

Fixed Bias
Self Bias
180

3.9

Plate
Current
Ma.
8.3

Plate
TransconLoad
Power
Resistance ductan ce FAmp.
. to . Resistance Output
Ohms
Micromhos
c '
Ohms
Watts
7600

1373

10.4

800

5250

4.2

2500

-...

..-.

300011
5000 11

60
80
80

_

---

-

Type

2C21/
1642

-.
3.3
15
10

22
60000
2500
150
8000
1.5
Power output is for one tube at stated
8000
8.0
I
oad, plate-to-plate
10000
10.0
- 3.0
100
2.2
3.5
360000
Anode grid ( No. 2) 200 volts max.
Cut-off Grid Boas= - 12 v.
0.5
arget Current 2 ma.
Ray Control Voltage = 81 for 0 Shadow Angl e.targe tcurrent 1.5 ma.
Ray Control Voltage = 60 for 0° Shadow Angla. Target current 0.9 ma.
0

7K7
71.7

TUBES

250

r.r

8.0
3

Class-A Amp.

S.

9.0

-

Class-A Amp.

Class-B Amp.

67000

10

Each section.

TABLE IV - 6.3-VOLT GL ASS RECEIVING
Capacitance µød.

1.9

--.

---

I 70
l -Cathode Resistor 250 ohms

Some as 7A6

pplÍ.d through20000-ohm dropping resistor.

Fil or Heater

7F8
7G7/
1232

-

300000

-

7F7

-

10

3.9

-

---.

1575
2275

3.9

150

0.15

7E7

-

1000000
400000

150

- 2.2

0.32

7E6

-

-

160•

300

6.3

-

--

-.

900000

300

7.0

-

3850

10.8

Class-A Amplifier
Class-A Amplifier

7CX

7C7
707

5500

4.1

.004
.0025

Class-Ai Amplifier

-

700000

2000000

150

.007

-

757

1.7

- 1.0

2.2
5.7

7C5
7C6

Triode Plate 250 v. Max.
4900
-5800
--5800
1500
100
-

2.2

250

-

4.3
-

707

Class-A Amplifier

-

-

5000
-

1resistor 20000 ohms
3200
----

1000000

6.5

Amp.

2600

9.0

100

5.7

SAC

Socket

1600
3100

1.7

Twin Diode

Base Conneclions

44000
100000

100

.005

100

-Triode Plate 250 v.'ax.'

4.5

100

Triode Oscillator

Name

1.3

5000

2.3

- 2.0

5679

Typo

10400

- 1.0

XXL

. -

0

1.5

-

2 meg.
1300
-Triode Plate ( No. 3 150 v. 3.5 ma.
9.5
8500
1900
16
7.5
700000
1300
2.3
44000
1600
70

250

6.5

6.0

2.9

1000

2.0

10.0

-

4100

Converter

-

7

8.5

100
-

52000
100000

250

-

8

1.6
-

7K7

-

0.5

1.3

Type

6A3
6A4
6A6
6A7
6AB5/6N5
6AF6G

TABLE 1V- 6.3- VOLT GLASS

Type

Name

Socket
Base Connections

Fil. or Heater
Volts

Capacitance ppfd.

Amp.

in

Out

PlateGrid

Use

RECEIVING
Plate
Supply
Volts

6115

Direct-Coupled Power
Amplifier

M.

6AS

6.3

0.8

--

687

Duplex-Diode Pentode

S.

7D

6.3

0.3

3.5

9.5

.007

Pentode R.F
F.
Amp.

250

6C6

Sharp Cut-off Pentode

S.

6F

6.3

0.3 .

5

6.5

.007

R.F. Amplifier

250

6C7 #

Duplex Diode Triode

S.

7G

6.3

0.3

--•-•

--.

6D6

S.

6F

6.3

0.3

6D7 #

Variable-p Pentode
Sharp Cut-off Pentode

S.

7H

6.3

0.3

6E5

Electron-Ray Tube

S.

6R

6.3

0.3

6E6#

Twin Triode Amplifier

M.

78

6.3

0.6

6E7#

Variable-µ Pentode

S.

7H

6.3

0.3

6F7

Triode Pentode

S.

7E

6.3

6U5/6G5

Electron-Ray Tube

S.

6R

6H5

Electron-Ray Tube

S.

6R

6T5

Electron-Ray Tube

S.

36

Tetrode R.F. Amplifier

S.

37

Triode Detector Amplifier

38

4.7
5.2

-

-

6.5

Grid

Screen

Bias

volts

0
-13.0

-

Plate
Current
Ma.

Screen
Current
Ma.
6,
4.5

45
40

,

-

-

657

1225

1500

-

-

6C6

- 3.0

9.0

100

0.5

2.0

1500000

Class-A Amp.

250

- 9.0

250

- 3.0

.01

- 3.0

-

4.5

2.0

8.2

100

0.5

2.0

-

-

0.25

100

Class-A Amp.

250

Indicator Tube

250

-

-

Close-A Amp.

250

-

-

-

R.F. Amplifier
Triode Unit Amp, 100

- 3.0

-•

0.3

-

-

-

Pentode Unit
Amplifier

250

- 3.0

100

8-3

0.3

-

-

-

Indicator Tube

250
100

Cut-eff Grid Bias = - 22 v.
Cut-off Grid Bias = - 8 v.

6.3

0.3

-

--

-

Indicator Tube

6R

6.3

0.3

-

-•-•

-

Indicator Tube

250

5E

6.3

0.3

3.8

9

.007 R.F. Amplifier

250

- 3.0

S.

SA

6.3

0.3

3.5

2.9

2

Class-A Amp.

250

-18.0

-

Pentode Power Amplifier

S.

SF

6.3

0.3

3.5

7.5

0.3

Class-A Amp.

250

-25.0

253

3.8

0
-27.5

20

1250

-.

-

6C7

1280

-

-

606

1600

1280

--•

-

607

-

6E5

Target Current 4 ma.
1700

3500

6.0

Characteristics some as 6U7G-Table II

1.5

3.5

16000

500

6.5

850000

1100

0.24
0.19

14000

8
900

1.6

---.

Target Current 4 ma.
Target Current 1ma.

-

90

1.7
-

6E6
6E7
6F7
6U5/6G5
6H5

Same characteristics as Type 6G5- Circular Pattern
Cut-off Grid Bias = - 12 v.

6115

1600

800000

Per plate- 18.0
-

4.0
20

730

- 3.0

7000
10000 11

Type

1125

-

58

Load
Power
Resistance Output
Ohms
Watts

2400
-

650000

.007 R.F. Amplifier

Amp.
Factor

241000
-

2.3

-

-

Plate
T
Resistance ductance
Ohms
Micromhos

125

-.-

-

6.8

Class- A Amp. ,
300
Push-Pull Amp. '
. 400

TUBES- Continued

-

6T5

3.2

550000

Target Current 4 ma.
1080

595

-

-

36

7.5

8400

1100

9.2

-

-

22.0

100000

1200

120

0.24

10000

2.5

37
38

39/44

Remote Cut-off Pentode

S.

SF

6.3

0.3

R.F. Amplifier

250

- 3.0

90

1.4

5.8

1000000

1050

1050

41

Pentode Power Amplifier

S.

68

6.3

0.4

-

-

-

Class-A Amp.

250

-18.0

250

5.5

32.0

68000

2200

150

7600

3.4

41

42

Pentode Power Amplifier

M.

66

6.3

0.7

-

--.

--•

Class-A Amp.

250

-16.5

250

6.5

34.0

100000

2200

220

7000

3.0

42

52

Duel Grid Triode

M.

SC

6.3

0.3

-

43.0

1750

3000

5.2

36AS

S.

SA

6.3

0.4

-

-

57AS

Triode Amplifier
Sharp Cut-off Pentode

6.3

0.4

-

Remote Cut-off Pentode

S.
S.

6F

58AS

6F

6.3

0.4

-

3.8

10

.007

Class-A Amp. ,

110

0

-

-

Class-B, 2tubes ,

180

0

-

---

3.0"

-

-

2000

1.5

10000

5.0

39/44

52
56AS

-

Class- A Amp.

Characteris ics same as 56

-

-

R.F. Amplifier

Characteristics same as 57

57AS

--

--

R.F. Amplifier

Characteristics same as 58

58AS

Duplex-Diode Triode

S.

6G

6.3

0.3

1.7

3.8

1.7

Triode Amplifier

250

- 1.35

-

-

0.4

91000

1100

100

-

-

75

76

Triode Detector Amplifier

S.

SA

6.3

0.3

3.5

2.5

2.8

Class-A Amp.

250

-13.5

-

-

5.0

9500

1450

13.8

--

-

76

77

Sharp Cut-off Pentode

S.

6F

6.3

0.3

4.7

11

.007

R.F. Amplifier

250

- 3.0

100

0.5

2.3

1500000

1250

1500

---

----

77

78

Variable-µ Pentode

S.

6F

6.3

0.3

4.5

11

.007

R.F. Amplifier

250

- 3.0

1450

1160

-

-

78

S.

6H

6.3

0.6

-

Class-8 Amp.

250

1.7
-

800000

79

100
-

7.0

Twin Triode Amplifier

1.3

Class-A Amp.

250

-

-

75

-

85

Duplex-Diode Triode

S.

6G

6.3

0.3

OSAS

Duplex-Diode Triode

S.

6G

6.3

0.3

-

89

Power Amplifier Pentode

S.

6F

6.3

0.4

--.-

1221

S.

6F

6.3

0.3

-

1603 S

Pentode R.F. Amplifier
Sharp Cut-off Pentode

M.

6F

6.3

0.3

-

77110 ,

Sharp Cut-off Pentode

S.

6F

6.3

0.3

-

*Cathode bias resistor-ohms.
Discontinued.

2

1.5

4.3
-

---••

-

0
-20.0

10.612
8.0

Power output is for one ube
7500

1100

14000

8.3

20000

8.0

79

0.35

85

-

85AS

Class-A Amp.

250

- 9.0

--

-

5.5

1250

20

--

Triode Amp. ,

250

-31.0

-

-

32.0

2600

1800

4.7

5500

0.9

Pentode Amp. ,

250

-25.0

250

32.0

70000

1800

125

6750

3.4

5.5

-

89

-

Class-A Amp.

Special non-microphonic. Characteristics same as 6C6

-•

-

Class-A Amp.

Characteristics same as 6C6

1603

---

-

Class-A Amp.

Characteristics same as 6C6

7700

Curren to input plate p,).
Grids Nos. 2 and 3 connected to plate.
Low noise, nonmicrophonic tubes

G2 tied to plate.
GItied to G2.
Osc. grid leak ohms.

Screen dropping resistor ohms.
Grid No. 2, screen; grid No. 3, suppressor.
Values for single tube.

1221

Values for two tubes in push-pull.
II Plate-to- plate value.
1, No signal value.

1,

TABLE V- 2.5- VOLT
Fil. or Heater

TIM°

Socket
Base Co nneclions
Volts

Name

M.

Amp.

In

2.5

1.35

--

25/45

Duodiodo

2A3

Triode Power Amplifier

M.

40

2.5

2.5

2A5

Pentode Power Amplifier

M.

68

2.5

1.75

2A6

Duplex-Diode Triode

S.

6G

2.5

0.8

1.7

2A7

Pentagrid Converter

S.

7C

2.5

0.8

----

51)

286

Direct-Coupled Amplifier

M.

7J

2.5

2.25

--

Duplex-Diode Pentode

70

2.5

0.8

3.5

2E5

Electron -Ray Tube

S.
S.

6R

2.5

0.8

-

2G5

Electron-Ray Tube

S.

62

2.5

0.8

-

Tetrode R.F. Amplifier

M.

SE

2.5

1.75

5.3

27

Triode Detector-Amplifier

M.

SA

2.5

1.75

3.1

35/51

Remote Cut-off Pentode

M.

SE

2.5

1.75

5.3

45

Triode Power Amplifier

M.

4D

2.5

1.5

4

2.5

1.75

Dual-Grid Power Amp.

47

Pentode

53

Twin Triode Amplifier

Power

Amplifier

M.
M.
M.

SC
58

2.5

1.75

78

2.3

2.0

5.5

--.8.6
-

Class-A Amp.

-

--.

Converter

-

-

Amplifier

9.5

13

1.2
-

61

2.5

J.

.5

SA

2.5

1.0

3.2

Sharp Cut-off Pentode

6F

2.5

1.0

58

Remote Cut-off Pentode

S.

6F

2.5

1.0

59

Pentode Power Amplifier

M.

7A

2.5

2.0

-

--•

4.
---•

4.7

RK 15

Triode Power Amplifier

M.

4D

2.5

1.75

---

-..-

Triode Power Amplifier

M.

5A

2.5

2.0

-

-...

RK17

Pentode Power Amplifier

M.

5F

2.5

2.0

--

2

Bias Detector

250

- 5.0

20/45

Class-A Amp.

250

Bias Detector

250

-21.0
-30.0

-

250

- 3.0

275

-56.0
-33.0

Class-A Amp?

230

Class-8 Amp?

400

Class-A Amp.

250

Class.l

0
-16.5

90

Class-A Amp.

--

R.F. Amplifier

Characteristics same as 6l.15/6G5-table IV
1.7
4.0
600000
1050

---.

90
-

Load
Power
Resistance °aloof
Ohms
Watts

25/45
2A3
2AS
2A6
2A6
2A7
18.0

3000

4.0

2E5
630

---

--

--

1050

420

---.

---.

36.0

1700

2050

3.5

4600

2.00

6400

1.25
20.0

46

2.7

47

-

--

22.0

--.

250

6.0

12
31.0

2380
2330
5.6
Power output for 2 tubes
60000
2500
150

Characteristics same as Type 76, Table IV
0.5
2.0
1500000
1225

- 3.0

100

- 3.0

100

2.0

Class-A Triode ,

250

-28.0

---.

Class-A Pentode ,

----.

230

-18.0

5800
7000

--

45

53
56
1500

--.

-

57

-.-

--

58

800000

1600

1280

26.0

2300

2600

6.0

5000

1.25

2500
ctions

100

6000

3.0

59
RK 15

Characteristics same as Type 59 with Class-A triode connections

RK16

Characteristics same as Type 2A3
aGrids Nos. 2 and 3 connected to plate.

35/51

55

8.2

250
9.0
35.0
40000
Characteristics same as Type 46 with Class-8 c

Nos, 1and 2tied together.

27

400000

250

3 Grids

2G5
24-A

Characteristics same as Type 83, Table IV

-

286
2B7

Characteristics same as Type 6A6, Table IV

--

Typ e

6.5

250

Grid No 2tied to plate.

'' c...
''' '

2.5

.007 Screen-Grid R.F.
Amplifier

-

Am p.

Plate current adiusted to 0.1 ma. with no signal
5.2
9250
975
9.0
-...
Plate current adjusted to 0.2 ma. with no si
gna l

-.--

Jana.

3.2

6.3

RK16

I 40.0 j_
5150
3.500
Characteristics same as Type 6e -fable IV
Characteristics some as Type 6ES-Table IV

Class-8 Amp.

.5

2.4

Plate
barmenResistance ductan ce
Ohms
Micromhos

-

- 3.0

Class-A Amp.

--,-

S.

to No. 3 pin.

7

-

-24.0 j

250

Screen Grid R.F.
.007
Amplifier

Plate
'Current
Ma.

Characteristics same as type 75, roble IV
Characteristics some as Type 6A7, Table IV

Indicator Tube

3.3

3

S.
S.

250

Screen-Grid R.F.
.007
Amplifier

10.5

Duplex -Diode Triode

connection

-

2.3

Screen
Current
Ma.

Screen
Volts

At 50 d.c. Volts per plate, cathode ma. = 80
Characteristics same as Type 6A3, Table IV
Characteristics sense as Type 42, Table IV

.007 Pentode Amp.
Indicator Tube

10.5

Grid
Bi as

Class-A Amp.

1.7

3.8

Supply
Vohs

TUBES

Daimler
Class-A Amp.

Triode Amplifier, Detector

-

Use

--

55

Grid connection to cap; no

16.5

-

56
57

,

---

--

24-A

Plate

PlateGrid

Out

7.5
-

287

46

RECEIVING

Capacitance pirfd.

RKI7
5

Grid No. 2, screen; grid No. 3, suppressor.

TABLE VI - 2.0-VOLT BATTERY RECEIVING TUBES
Filament

Typo

Name

Socket
Base Connections
Volts

Amp.

Capacitance radd.
In

Out

PlateGrid

Use

V

1A4P

Varlable-ri Pentode

S.

4M

2.0

0.06

1A4T

5

11

Variable-µ Tetrode

S.

4K

2.0

0.06

1A6

5

11

Pentagrid Convertor

S.

6L

2.0

0.06

--

-

.007 R.F. Amplifier
.007 R.F. Amplifier
--- Converter

1B4P/951

Pentode R.F. Amplifier

S.

4M

2.0

0.06

5

11

.007

185/25S

Duplex-Diode Triode

S.

6M

2.0

0.06

1.6

1.9

3.6

Supply
Plate

R.F. Amplifier
Triode Class-A

olts

Grid
.,..
".

Screen
Volts

Screen
Current
Ma.

Plate
Current
Ma.

Plate
TransconLoad
Amp.
Res istance ductance
Ohms
Micromhos Factor
ac.r".,". Ohms
Ohms

Power
Outpu
Watts

Type

180

- 1.0

67.5

0.8

2.3

180

- 3.0

1000000

750

750

67.5

--

--

0.7

2.3

1A4P

180

- 3.0

960000

750

67.5

720

2.4

--

1.3

---

IA4T

500000

1813

90

.."" 3.0
- 3.0

67 '
5
67.5

0.
6
0.7

1.
7
1.6

135

1500004
1000000

- 3.0

-

0.8

35000

-

Anode grid (No. 2) 180 max volts
650
1000
550
-600
575

20

-

-

1A6
1114P /951
185/255

TABLE V1- 2.0- VOLT BATTERY

Type

Name

Capacitance µdd.

Filament
Socket
Base Connec lions
Volts
Amp.
6L

2.0

In

0.12

Use

MateGrid

Out

RECEIVING

Plate
Supply
Volts

Grid

Screen
yens

Screen
Current
Ma.

Bids

Converter

180

- 3.0

67.5

2.0

1.5

750000

-

---

Class-A Amp.

135

- 4.5

135

2.6

8.0

200000

R.F. Amplifier
A.F. Amplifier

180

- 1.5

67.5

135

- 1.0
- 1.5

135
67.5

1F4

M.

SK

2.0

0.12

-

1F6

Duplex-Diode Pentode

S.

6W

2.
0

0.
06

4

15#

Sharp Cut-off Pentode

S.

SF

2.0

0.22

2.3

19

Twin-Triode Amplifier

S.

30

Triode Detector Amplifier

S.

4D

2.0

0.06

31

Triode Power Amplifier

S.

40

2.0

0.13

32

Sharp Cut-off Pentode

M.

4K

2.0

33

Pentode Power Amplifier

M.

SK

2.0

34

Variable -4 Pentode

M.

4M

2.0

49

Dual-Grid Power Amp.

M.

SC

2.
0

0.12

.-

840

Pentode

S.

51

2.0

0.13

---

--

-

Class-A Amp.

180

- 3.0

950

Pentode Power Amplifier

M.

5K

2.0

0.12

---

--

--

135

-16.5

RK24

Triode

M.

4D

2.0

0.12

--

-

---

Class-A Amp.
Class-A Amp.

180

-13.5

1229

Tetrode
Triode

M.

4K
40

2.0

0.06

2.0

0.06

3.0

2.1

6.0

, 1230

M.

9

.007

R.F. Amplifier

135

-

Class-B Amp.

135

3.5

2.7

-

Class-A Amp.
Class-A Amp.

180

0.06

5.3

10.5

0.26

8

12

.015 R.F. Amplifier
Class-A Amp.
1

180

0.06

6

11

R.F. Amplifier

180

Class-A Amp. ,

135

-20.0

---

-

Class-B Amp. 2

180

67.5

--.
0.7

1.0

135

2.0

7.0

-

0.26

5.7

.015

--

-----

-13.5

---

---

180

-30.0

-.--

-

180

- 3.0

67.5

0.4

-18.0

180

5.0

- 3.0

67.5

1.0

Name

0

Socket
ConnoteHone

Filament
Amp.

In
10

1C7G

Heptode

7Z

2.0

0.06

IDSGP

Variable-ii Pentode

SY

2.0

0.06

1D5GT # Variable-µ Tetrode

5R

2.0

0.06

-

Out

PlateGrid

14

0.26

11

5

-9.0

3600

1050

3.8

5700

0.375

31

650

780

-

---

32

22.0

55000

1700

90

6000

1.4

33

2.8

1000000

620

620

--

--

34

6.0

4175

1125

4.7

11000

0.17

12000

3.
5

Power output for 2 tubes
1000000
400
1000

100000

Use

Plate
Supply
Volts

WITH

G rid
.,
.'"

R.F. Amplifier

--.-

R.F. Amplifier

OCTAL

-

-

49
840

13500

0.575

950

12000

0.25

RK24
1229
1230

Screen
., .._

BASES

Screen
Current
Ma.

Plate
Current
Ma.

Plate
Resistance
Ohms

Transcon.
ductance
Micromhos

180

.- 3.0

SY

2.0

0.06

5

IE7G

8C

2.0

0.24

-

--

---

Class-A Amplifier

IFSG

Pentode Power Amplifier

6X

2.0

0.12

-

-.--

....

Class-A Amplifier

Characteristics same as Type 1F4-Tabie Vi

1F7G 2

Duplex-Diode Pentode

7AD

2.0

0.06

Detector-Amplifier

Characteristics same as Type 1F6-Table VI

1G5G

Pentode Power Amplifier

0.12

-

--

TrIede Amplifier

6X
5S

2.0

11440

2.0

0.06

--

1146G

Duplex-Diode Triode

-- 7AA

2.0

0.06

1.8

1J5G #

Pentode Power Amplifier

6X

2.0

0.12

1J643T

Twin Triode

7 AB

8L

0.24
0.12

4A6G

Twin Triode

2.
0
2.0

-.----

4.0

0.06

0.01

Class-A Amplifier

3.6

Detector-Amplifier

--

--

Class-A Amplifier

--

---.

Class-8 Amplifier

135

135

- 7.5

- 13.5

135

135

2.0

I 2.5

1

6.51

8.7

220000

160000 1

1600

1550

133

-.16.5

Class-A, 1 section

90

- 1.5

Class-8, 2 sections

90

- 1.5

Characteristics same as Type 185-Table VI
2.0
7.0 --.
l
950
185
_
Characteristics same as Type 19-feat -VI
750
1.1
26600 l
I
1 10.8 3
--.-=Type GV has 7M base.

Type

1C7G
IDSGP
1D5GT
1D7G
1E5GP
350

24000

0.65

1E7G
1F5G
1F7G

250

9000

0.55

1G5G
1/
14 G

diaracteristics same as Type 30-fable VI

Oetector-Amplifier

current for both sections; no signal.

Load
Power
Resistance Output
Watts
Ohms

Characteristics same as Type 184- Toole VI

R.F. Amplifier

--

.,.

"" '

Characteristics same as Type 1A6-Table VI

Converter

Pentode Amplifier
Double Pentode Power Amp.

.007

A

F...l
i:

Characteristics some as Type 1A4P-Table VI
61.5
0.7
2.2
600000 I
650

IESGP

1 Total

400
125

Characteristics same as Type 106-Table VI

Converter

.007
0.25

TUBES

10.5

#Discontinued.

30

1200000

0.06

--.

19

-

-

1.7

2.0

1.9

2.1

12.3

7Z

9.5

15

10000

9.3

Pentagrid Converter

3.3

IF6

----

900

8.0
1600
5000
8.0
Special Type 32 for low grid-current applications

-

-

Amp. = 48

10300

3.1

1D7G

11

600

106
1F4

Grids Nos. 1and 2tied together.

Capacitance µd d.

Volts

750

Load plate-to-plate

-

---.

Type,

Special Type 30 for low grid.current applications

TABLE VII- 2.0- VOLT BATTERY

Type

0

Load
Power
Resistance Output
Ohms
Watts

Anode grid ( No. 2) 135 max. volts
0.34
340
16000
1700

800000

1.85

0.3

0.01

-

7.8

Factor
Amp.

650
650
1030000
2.0
0.6
Plate, 0.25 megohm; screen, 1.0 megohm

Grid No. 2 fled to plate.

#Discontinued.

o

2.0

Plate
TransconResistance ductance
Ohms
Micromhos

---

S.

6C

Plate
Current
Ma.

10

10

Pentagrid Converter
Pentode Power Amplifier

IC6

TUBES- Continued

1H6G
100

13500

0.45

20
6000
IMax signal.

1.0

1J5G
1.14.G
4A6G

TAL LE VIII- 1.5- VOLT FILAMENT BATTERY

TUBES

See also Table X for Special 1.4-volt Tubes
Socket

liT

IA7GT

Cr *

TABS

ID8GT

665

Mille=1112=1=1
Ose. Grid leak
20000012

90

SBF

0.

7Z

90
150

0.1

O.

cnr.

imamm

6X

1G4GT

1====ue===

IG6GT

SS

0.05

Diode High- .Triode

ILA4

5Z

2.80

0.05

SAD

ILA6

EZI

1186
ILC5

I SAD

0.05
0.05

7A0

1LC6

0.05

ILDS

Diode Pentode
erZrel

ILE3
ILG5
ILH4

Diode Hi h-e Triode

1U95
1N5GT

i
1
____________

0.05

5AG
7A0

0.05
0.05

131111
MU
Risào..a.uzufm
pentodemi 0. EMIIIM1111

1N6G #
IPSGT

Diode-Power-Pentode
er=1

105GT
IR4/1294

o
o
o

CI' UZZ:Mill
°•

IEMIElmil

0.05

(165
0.05

90
90

ISB6GT

13

IT5GT
I er ium
38 7 /1291 ......ume.a.Lc.m9P

6C8

lallE111111:111=111

1293

0.05
0.11

auumanciamr
'
muES

40

Mil

0.
6

11:1211

6C

UM

6•
12

RK42
RK43

9

1.5

350000

Erril

0.15
6.3
7.5

4.5
1.5

NrifflE1111

Class-A Amp.

11=11=

1E31

10

111=111=Me'a*

Eigi

.007

ll

9°

90

OM
0

ILEUM lie

ll

R.F.Anr
.il

mirrerremm
EZEMMIE

90

o
o

90

0

90

1A7GT

240

G4GT

M=1 1H5GT
1LA4

250
923

1.15

1500000

775

0.75

650000

1LA6
12000

200

1L84
1L86
1LC5
1LC6

0.6

M&BIZO

4.5

11200
950000

1.3
1.7

1000000
19000

BOO

0.15
1.2

240000
1500000
1500000
300000

750

275
750

ILD5
1LE3

MIIMEMIMEM 1LG5
1LH4
ILN5

M2211
1160 ea

25003
us

1C5GT
108GT

1G6GT

12000

240000

200000

1.2
3.1

187GT
IBEGT

inzwal 1E4G

zz
5.0

1A5GT

30

0.4

01

8000

825
um.

0.55

o

90

25000

EMIENIE1
Ell
BilEN

375
925

1/7
0.14

Type

1A115

275
1150

45000

Load
Power
Resistance Output
Ohms
M-watt

Anode-grid
volts 90

1100
1350

1325

10700

Amp.
Factor

240

250

BEd
Ma

1.1
5.0

mZmE.mM.II KIRIEr
nall
M511M
0.4
1.00
90
0
113311:111 .007
IEIIIIIECIII
L
E
_____
:
.007

1NSGT
100

IN60

250
270

1QSGT

1P5GT

70000
75000
2.45

800000

1.45

970

700000

665

184/1294

1=110=1.
1SA6GT
11=211 1
111=..111112211
.r
90 - 6.0
ISB6GT
90
111131133111111 Class-A Amp.
90
0
110
IMMEIMiimll1i1=ni1l14000
MIIIIEEM1 Class-A Amp.
90
0
5.2
113311111=11 170 ITSGT
« MU 0'30 1=ELumILEEMICIMI 111=11111=111 4.7
38 / 291
90
11111111=11
5.7
1293
13000
1=1
500
11=1
306/1299
3.8
LIM
90
3E6
11:2111=
1=1119:1rIlfflIERI1=1
11311
111121
.111
1

0.50

.ff..=.___a__m___m_i Etuffluezirra

0.11
306/1299 ....______
1111311111Z12111111111
3E6 ' Lailanetg,refflill
• IMMIIIMIECIa
"1
7CJ

275000
125000

1

0.18

MCI

CI Malin.

6.8

Converter
12CIIEM.:1121
35

111:=Z3
U.h.f. Diode
C1C211111C3111:11:111:111:=1:11111111EI
IZZallUllaralli 0.05

2.0

o Min
o

90

0.15

1SA6GT

3.5

1.0

850

IC=1

0.8

M?
;;
N

1.70

78,0

90

Plate
Resistance ductance
Ohms
Micromhos
300000

0.6

45

.007

0.05

150

o

0
- 3.0

90

=1=1=1 =mw-mmul

7AK

4.0

-9.0

90

l=
mmI CE

0.8

i
;
rt

- 6.0

90

11.64

Plate
Current
Ma.

11:111131111

o
o

90

1.00

0.05

90

90

Irmconcliciemoncrszt=zu

IH5GT

Screen
Current
Ma.

-6.0

=
CrI=MICI1211121111:111:11:3
1=MIIMIIIIMMICIICIIE=ME1
Ell
O.

-4.5

Triode Amplifier
Pentode Amp.

0.1

Screen
Volts

MiDEMI

90

Triode Amp.
Pentode Amp.

1E4G

Grid
Bias

CII=MC3173/1Z11=1
2=1111C:11
Xi
liCilnein=..___1
FI:=i=aciandeiranal

1C5GT

<
b.)

"

Pentode R.F. Amplifier

187GT#
IB8GT

Plate
Supply
Volts

tions
11:11:C"nec

IA5GT

,

7

Class-A

Amp.

4.5

êDiscontinued. , Through series resistor. Screen voltage must be at least 10 volts lower than oscillator anode.
2

Voltage gain.

14500

900

2 Center-top

litame:n

Ri(42
RK43

filament permits 1.4-volt operation.

1

TABLE 1X- HIGH-VOLTAGE HEATER TUBES

Type

12A5

Name

Pentode Power Amplifier

6

Socket
Base Conneclions
M.

7F

Heater

Capacitan ce msfd.
Plate„ .
''' n' Grid

Volts

Amp.

In

12.6
6.3

0.3
0.6

9 '0

9 '0

0.
3

Use

Cl ass-A i 4nip' é
^

Plate
Supply
Volts
100

180

Grid
as

-15

-25

Screen
Current
Ma.

Plate
Current
Ma.

100
180

3/6.5
8/14

17/19
45/48

3.5

Screen
volts

12A6

Beam Power Amplifier

O.

7AC

12.6

0.13

--

--

--

Class-A Amp.

250

-12.5

250

12A7
12A801

Rectifier-Amplifier
Heptode

M.

7K

12.6

0.3

-13.5

135

12.6

0.15

--0.26

135

8A

-12

Class-A Amp.

O.

--9.5

Twin Triode
Diode Triode

0.

88E

12.6

0.15

Class-A Amp.

180

- 6.5

-,-

0.

6Y

12.6

0.13

Each Triode Sect.
-- --- --

Class-A Amp.

250

- 2.0

--

Pentode Amplifier

0.

8V

12.6

0.15

-

Class-A Amp.

250

- 3.0

100

2.6

Triode-Pentode

O.

8T

12.6

0.3

---Triode Section
Pentode Section

Class-A Amp.
Class-A Amp.

100
100

- 1
- 3

-100

-2

12C8

Duplex-Diode Pentode

O.

8E

12.6

0.15

6

9

.005

Class-A Amp.

0.

0.15

2.60

Class-A Amp.

- 13.5

12F5GT

Triode Amplifier
Triode Amplifier

5.5

250

12E5GT

3.4

12.6

0.15

1.9

3.4

2.40

Class-A Amp.

1207G

Duplex-Diode Triode

0.

12.6

0.15

-

-

-

Class-A Amp.

12H6

Twin Diode
Triode Amplifier
Sharp Cut-off Pentode

0.

12.6

0.15

.-

-

-

Rectifier

12.6

0.15

3.6

3.40

Class-A Amp.

5.0

3.8

12AH7GT
12116M
1287ML
1288GT

8

12J5GT
12J7GT

O.

60
5M
7V
70

12.6

3.4

0.

60

O.

7R

12.6

0.13

4.2

0.15

4.6

12
-

.003

30

50000
35000

1700
2400

70000

3000

975
102000
9.0
Characteristics same as 6A8 -Table I
1900
8400
7.6
1100
91000
0.9
--

--

1 - 3.01 -- 1

9.2
0.6
8

1 --- 1

4500

0.8
3.4

12A3

7500

3.4

12A6
12A7

3300

13500

0.55

16

-•-•

-

12AH7GT

100

-.,

--.•

1286M

12A8GT

800000

2000

-

-.-

--

12B7ML

73000
170000

1500
2100

110
360

-.
-

-»«..
-•-•

12B8GT
12C8

580001

13.8

-i-

Class-A Amp.

12E5GT
12F5GT

1200

70 1

--

1

-

Characteristics same as 6H6-Table I
Characteristics same as 6J5-Table I

R.F. Amplifier

Type

100

Characteristics same as 688-Table 1
50
-1450
Characteristics some as 65F5-Table I
--

Load
Power
Resistance Output
Watts
Ohms

-

2.5

Converter

230

Plate
Transcon- Amp.
Resistance ductance
Fact
Micromhos
Ohms

12G7t3
12H6
12JSGT

Characteristics same as 6J7-Table I

12J7GT

Characteristics same as 6K7-Table I

12K7GT

12K7GT

Remote Cut-off Pentode

O.

7R

12.6

12K8

Triode Hexode Converter

0.

8K

12.6

0.13

--

-

Converter

O.

8BU

12.6

0.15

5

6

0.70

0.

7V

12.6

0.15

2.2

5

1.60

Class-At Amp.
Class- A Amp.

0.15

3.8
12

1.2
0.13
2.0

Converter
Class-A Amp.

Characteristics same as 65A7-Table I

3.0

Characteristics same as 65C7-Table I

125C7

2.40

Class-A Amp.

Characteristics same as 65F5-Table 1
Characteristics some as 65F7-Tablel

125F7

121.8G1
;
) 12127GT
) 12S8GT
125117

Twin Pentode
Duplex-Diode Triode
Triple -Diode Triode

O.

8C8

12.6

Heptode

O.

8R

12.6

0.13

2.0
9.5

12.6

0.15

2.2

Class-A Amp.

125C7

Twin Triode

O.

85

125F5

High-µ Triode

O.

6AB

12.6

0.13

4

3.6

7AZ

12.6

0.13

3.5

6.0

12SG7

Diode Variable.» Pentode
Medium Cut-off Pentode

O.
0.

88K

12.6

0.13

8.5

7.0

.004 Class-A Amp.
.003 Class-A Amp.

125H7

Sharp Cut-off Pentode

0.

88K

0.15

8.5

7.0

.003

12117

Sharp Cut-off Pentode

O.

8N

12.6
12.6

125(7

Remote Cut-off Pentode

O.

8N

12.6

0.15

6.0

7.0

.003

R.F. Amplifier

12517GT

Twin Triode

0.

880

12.6

0.15

--.-

---

---.

Class-A Amp.

125N7GT

Twin Triode

O.

8BD

12.6

0.3

-.-

-.-

---

Class-A Amp.

12507

0.

80

12.6

0.15

3.2

3.0

1.60

Class-A Amp.

12SR7

Duplex-Diode Triode
Duplex-Diode Triode

0.

80

12.6

0.15

3.6

2.8

2.40

Class-A Amp.

12SW7

Duplex-Diode Triode

0.

80

12.6

0.15

3.0

125X7

Twin Triode

O.

8BD

12.6

0.3

3.0

125Y7

Heptode Converter

O.

8R

12.6

0.15

I. _ _5AC

14

0.16

6AA

14

et 16

12SF7

14.1.
4
14A5

Triode Amplifier
Beam Power Amplifier

L.

0.15

-.-

-..-

2.8
0.8

2.4
3.6

Osc.-Grid
20000 ohms
leak
3.4
--

3.0
-..-.

14A7/
12117

Remote Cut-off Pentode

L.

8V

14

0.16

6.
0

7.
0

14AF7

Twin Triode

L.

8AC

14

0.16

2.2

1.6

1486

Duplex-Diode Triode

L.

8W

14

0.16

.-

-•

1488

Pentagrid Converter

L.

11X

14

0.16

14C5

Beam Power Amplifier

L.

6AA

14

0.24

-

4.00
--...-.
.
005

-

1

2.8

1

13.0

1

1600001

2130

250

1 - 2.0 1 ---

1

Characteristics same as 607-Table I
-1
0.9 1
910001
1100
1 100 1

Class-At Amp. ,

---

250

- 2

100

Class-A Amp.
250

-12.3

250

-

250

-10

3.0

250
100

--

1207GT
125A7
125F5

125117
12SK7
125N7GT
12507

Characteristics same as 6507-Table I

-

Class-A Amp.

1258GT

12517GT

- 8

Converter

1 --

Characteristics same as 6SN7GT-Table II

250

Class-A Amp.

--

Characteristics same as 6SK7-Table 1
Characteristics same as 6SL7GT-Table II

Class-Ai Amp.

-..-

12K8
12L8GT

125J7

-•

Am p.

10000

12SG7

- 9

Class -A

-1

Characteristics same as 65117-Table I
Characteristics same as 65.17-Table I

250

Clete.A, Amp._

1

Characteristics same as 6SG7-Table

Characteristics same as 6R7-Table I
1900
8300
9.5
---

Class-A Amp.

--

180

Class-A Amp.

2.30

Ic2 = 4 Ma.

1 - 9.01

H-F Amplifier

Converter

11.0

Characteristics same as 6(11-Table I
100

8.5

9
3.3

7700
1000000

125R7
125W7

16

-

-

2600

20

--

---

12SX7

450

•-•

-

---

12SY7

Charac eristics same as 7A4-Table III
3000
70000
30/32
3.5/5.5
2.6
9.2
800000
2000
2100
7600
9
Char« eristics same as 7116-Table III

Charac eristics same as 788-Table III
Characteristics same as 6V6-Table 1

14A4
2.8

-

7500

-"'

-

-..-

--

--

16

14A5
14A7/
1211/
14AF7
1486
1488
14C5

TABLE IX- HIGH- VOLTAGE

Type

14C7

Name

Socket
Bass Connes
lions

Heater

Capacitance pyfd.

Volts

Amp.

In

Out

PlateGrid

6.0

6.5

.007

R.F. Pentode

L.

8V

14

0.16

14E6

Duplex- Diode Triode

L.

8W

14

0.16

14E7

Duplex- Diode Pentode

L.

8AE

14

0.16

4.6

14F7

Twin Triode

L.

8AC

14

0.16

--

-

-

.005

-

14F8

Twin Triode

L.

8BW

12.6

0.15

2.8

1.4

14H7

Semi- Variable y Pentode

L.

8V

14

0.16

8.0

7.0

1417

Triode-Hexode Converter

L.

881

14

0.16

14

0.32

14N7

Twin Triode

L.

8AC

Heptode Pentagrid
Converter

L.

8M.

14

0.16

----

14R7

Duplex- Diode Pentode

L.

8AE

14

0.16

5.6

1457

Triode Heptode

L.

8BL

14

0.16

14V7

Hf. Pentode

L.

8V

14

0.24

14W7

Pentode

L.

8111

14

0.24

18

Pentode

M.

68

14

0.30

1911G6G

Beam Power Amp.

O.

5BT

18.9.

0.3

2018GM

Triode Heptode Converter

O.

8H

20

0.15

-

---

21A7

Triode Hexode Converter

L.

8AR

21

0.16

-

-

25A6

Pentode Power Amplifier

O.

75

25

0.3

O.

8F

25

0.3

-

1.2

Class- A, Amp.

.004

1pt =5 Mo.
--

--

Rk =160 ohms
-

-

250

Converter

Converter

3

1.8

1250000

525

---

-

-

1457

3.9

9.6

300000

5800

--

--

- 2.2

---

150

14V7

3.9

300000 ,

5800

--

•-•

--

100

3.4

100

2.8
Triode

Class- A Amp.

135

-20.0

135

-

Class- A Amp.

100

-15.0

110

+15.0

O.

6CK

25

0.3

-

25B5 .

Herz. Def. Amp.

Direct- Coupled Triodes

S.

60

25

0.3

-

--

25B6G .

-

Class- A Amp.

Pentode Power Amplifier

110

0.

75

25

25B8GT "

0.3

-

-

-

Triode Pentode

Class- A Amp.

95

O.

8T

25

0.15

-

---

•-•

Class- A Amp.

2511Q6GT

Beam Pentode

O.

6AM

25

0.3

-

25C6G '

---

---

Deflection Amp.

Beam Power Amplifier

O.

7AC

25

0.3

-

-

-

Class- A. Amp.

25D8GT

Diode Triode Pentode

O.

8AF

25

0.15

-

0.3

--

-

-

0.

0.6

Diode- Beam Tetrode

O.

0.3

-

--

32.5

Each Unit
Push- Pull
-

35A5

Beam Power Amplifier

L.

6AA

35

0.15

-

3516GT

Beam Power Amplifier

O.

7AC

35

0.15

13

43

Pentode Power Amplifier

M.

6B

25

0.3

48 '

Tetrode Power Amplifier

M.

6A

30

0.4

-

-

50A5

---

Beam Power Amplifier

L.

6AA

50

0.15

-

--

50C6GT

--

Beam Power Amplifier

O.

ZAC

50

0.15

--

501.6GT

-

Beam Power Amplifier

O.

7AC

50

0.15

-

70A7GT

-

Diode- Beam Tetrode

O.

8AB

70

0.15

-

7017GT

Diode- Beam Tetrode

O.

8AA

70

0.15

117L7GT/
117M7GT

Rectifier Amorflel.
- • '

O.

8A0

117

0.09

117N7GT

Rectifier- Amplifier

O.

5.AV

117

0.09

O.

8AV

117

0.09

117P7GT

Rectifier- Amplifier

,

-

10

Characteristics same as 6F6G

Beam Pentode

8BU
O.
26 5
.

1407
14R7

100

- 3.0
- 3.0

Direct- Coupled Triodes

14H7

150

- 3.0

Twin Beam- Power Audio
Amplifier

-

- 2.0

250
150

25N6G '

14F8
-

- 2.0

250

26A7GT

3900

250

Converter

0.30

800000

14F7

300

Converter

13.5

14E6
14E7

300

----

16

9.5

14C7

Class- A Amp.

-

0.3

---

Y --

Class- A Amp.

400

0.20

-

Characteristics same as 7R7- Table Ill

Deflection Amp.

12.5

-

Characteristics same as 7Q7- Table III

Class- A Amp.

25AVSGT

8Z

3.5

0.65

8.5

1575

T no

14J7

Class- A Amp.2.0

32L7GT

150

Class- A Amp.

6.5

1000000

Lead
Power
Resistance Output
Ohms
Wafts

14N7

-

25

- 2.5

--

11

2.2

Amo
••

Factor

Characteristics same as 7N7- Table Ill

0.3

7W

0.7

Plate
TransconResistance ductance
Ohms
Micromhos

Class- A Amp.

25

25

100

Plate
Current
Ma.

Characteristics some as 7J7- Table Ill

60

7AC

- 3.0

Screen
Current
Ma.

Converter

0.

O.

Volts

Characteristics some as 7F7- Table III
Characteristics same as 7F8
250

Triode Power Amplifier

Beam Power Amplifier

Screen

Bias

Characteristics some as 7E6- Table Ill
Characteristics same as 787- Table Ill

25AC5GT

2516

Grid

Class- A Amp.
Class- A Amp.

---

Plate
Supply
Volts

TUBES- Continued

Class- A Amp.

.007 Class- A Amp.

5.3

---

Class- A Amp.

-

lot =5 Ma.

1407

, 25A7GT q Rectifier Power Pentode

-

5.3

Use

HEATER

Peak surjo Ep= 4000 V. Peak

165
250'

250
135

-50'
0
-15.0
47*
-13.5
1.0

1.5
1.3
3.5

8

37

100

4

20.5

-

-,-

urge Ea= -100 V. 1(;2= 6 ma.

p=70 ma.
Triode Plate ( No. 6) 100 v. 1.5 ma.
-275
--1900
32
35000
2450
85
4000
2.0
50000
1800
90
4500
0.77

45
3800
58
2000
Used in dynamic- coupled circuit with 6AF5G driver
3500
3.3
175 ,
-100'
Peak pos. plate pulse = 4500 volts
110
7
45
11400
2200
25
2000
2.0
95
4
45
4000
2000
1.75
Characteristics some as 12B8GT
150
2.1
45
5500
--,-,
135

-

3.5/11.5

Triode Amp.

100

-

Pentode Amp.

100

- 3.0

100

-2.7

Class- Al Amp.

110

- 8.0

110

3.5/10.5

58/60

9300

7000
1100

14W7
18

•,-

2000
-

3.6

19BG6G
20J8GM
21A7,
25A6
25A7GT
25AC5GT
25AV5GT
2585
25B6G
25B8GT
251,1106GT
25C6G

0.5
8.5

91000
200000

1900

100
-

45/48

10000

8000

80

2000

2.2

2516

11400
2500

2200
5500

25
-

2000

2.0

25N6G

1500

0.2

---

----

25D8GT

Class- A Amp.

110

Class- A Amp.

26.5

- 4.5

26.5

2/5.5

45
20/20.5

Class- AB Amp.'

26.5

- 7.0

26.5

2/8.5

19/30

---

-,--

Class- A Amp.

-

110

- 7.5

110

40

15000

6000

-

2500

1.5

3217GT

14000

5800

---•

2500

1.5

35A5
3516GT

0

110

7

3

2500'

0.5

26A7GT

Class- Al Amp.

110

- 7.5

110

3/7

40/41

9.5

0.80

Class- A, Amp.

110

- 7.5

110

3/7

40/41

12.5

0.20

13800

Class- A Amp.

5800

--

95

-15.0

2500

1.5

95

4.0

20.0

45000

Class- A Amp.

2000

90

96

4500

-19.0

0.90

96

43

9.0

52.0

-

3800

Class- A l Amp.

-

110

1500

- 7.5

2.0

110

48

4/11

49/50

10000

--

Class- A, Amp.

8200

-

135

2000

-13.5

2.2

135

50A5

3.5/11.5

58/60

9300

--

7000

Class- A Amp.

-

110

2000

- 7.5

3.6

110

50C6GT

4/11

49/50

-

--

Class- A Amp.

82

110

2000

- 7.5

2.2

110

5016GT

3.0

---

--

---

Class- A, Amp.

110

- 7.5

110

3/6

-

-

-

Cl ass -A A mp.

105

-

5.2

105

4/5.5

-

--

-

Class- A Amp.

100

- 6.0

100

5.0

----

-

Class- A Amp.

105

- 5.2

105

4/5 S

8.5

40
40/43
43

51
dl

-----

8200
5800

80

2500

1.5

70A7GT

15000

7500

--

2000

1.8

7017GT

17000

5300

-

4000

0.85

117L7GT/,.
117M7GT

16300
171, nn

7000

--

3000

1.2

117N7GT

re ••••. e.

• .••••

-HIGH- VOLTAGE

Name

TVS*

Capacitance µAtfd.

Heater

Socket
Base Cannesdons

Volts

Amp.

In

Out

Uso

PlateGrid

HEATER
pl ate
Supply
Volts

TUBES - Cuntinued

Grid
Bias

Pentode

L.

8V

12.6

0.15

6.0

6.5

0.007

Class-Ai Amp.

1284

U.h.f. Pentode

L.

8V

12.6

0.15

5.0

6.0

0.01

Class-A Amp.

1629

Electron-Ray Tube

O.

6RA

12.6

0.15

-

-.--

-,-.

Indicator Tube

1631

Beam Power Amplifier

O.

7AC

12.6

0.45

-

--••

-

Class-A Amp.

1632

Beam Power Amplifier

O.

7AC

12.6

0.6

-

---•

-

Class-A Amp.

1633

Twin Triode

0.

880

25

0.15

-.--

--.

-

Class-A Amp.

1634

Twin Triode

O.

8S

12.6

0.15

-

---•

-

Class-A Amp.

1644

Twin Pentode

O.

Fig. 7

12.6

0.15

-

---

-

Class- A Amp.

100

- 9.0

-

Class-A Amp.

250

-10

-

Class-A Amp.

28

Twin Triode

L.

8AC

12.6

0.15

--.-

2807

Double Beam Power
Amplifier

L.

8BS

28.0

0.4

--.-

5824

Pentode

O.

14AF7

25

75

0.3

-•.-

Class-Al Amp.

-

----

250 --, 3.0

Socket

Name

Base Conn«.
lions

00-A

1

Triode Detector

M.

40

01-A

1

Triode Detector Amplifier

M.

40

3A8GT

Diode Triode Pentode

O.

Fit " or Heater
Volts
5.0
5.0

BAS

0.25

In
3.2

135

-

4.2

2.0

Class- A Triode

1.4

0.1

2.8

0.05

3.0

10.0

0.012

0.1
0.05

-..

-••••

-.--.

3C5GT

Power Output Pentode

O.

7AQ

1.1,

1
N

3

-

3C6

Twin Triode

L

78 W

1.4
2.8

0.1
0.05

-

6BA

2.8

0.05

-

6138

1.4
2.8

Beam Pentode

L

3Q5GT

Beam Power Amplifier

O.
.

Twin Triode Amplifier

4A6G

7AQ
81

45
135

--

7Ar

3LF4

Grid-Leak Det.

2.6

O.

I
ll
4
2

el
0.06
0.12

-

Pe

Plate
Supply
Volts

8.50

•-

Beam Power Amplifier

L.

2.0

0.25

385GT

Power Amplifier Pentode

0

Use

Class-A Amp.

1.4
2.8

31E4

.

Amp.

Class-A Pentode
Class-A Amp.

90
90
67.5

-

Class-A Amp.

90

--

Class-A Amp.

90

-

el
s
elFF
I:
a
lr ee
nn
ts
ts

Triodes Parallel
Both Sect ans

2.5

9.0

180
-,

1280

800000 _
2000

-

1629

Characteristics some as 6L6-Table I
Characteristics same as 2516

1632

1631

Characteristics same os 6SC7-Table I
2153
160000
13
2.8/4.6

1633

---

9.0

--.
-

0.7 2

9.0 ,

28 ,

1.2 ,

18.5 ,

2.5/14.5

61/69

135

1634
-16

2100
----•

. - ..
5

Class-A Amp.

90

Screen
Current
M a.

Plate
Current
Ma.

TransconPlate
Resistance ductance
Ohms
Micromhos

a

-

1.3

30000

666

20

-

--

00-A

-.-

--

3.0

10000

800

8.0

-

-

01-A

--

-

0.15

243000

275

65

0.3

1.2

600300

750

-

06
.

8.0
6.7

100000

1650
1500

.-

-.

1550
1450

0
0
- 7.0

90
67 .
3
90

- 9.0
0

90

- 9.0

90

0.5

5000

4.
5

11200

1300

14.5

-

3C6

9.0

110300

1603

----

6000

0.30

3LE4

-

8300
7000

0.27
0.23

3LF4

8000

0.27
0.25

3050T

1.3
1.0

9.5
7.5

-

2100
1800

2.2

13330

1500

4.6

-

---.

----•
20

90

- 4.5

Class-A Amp.

90

- 1.5

90
80

150*

-.

-.--

13.0

2900

5800

17

--

-

6F4

150*

-----

9.5

4400

6400

28

-

-

6L4

18.0

5000

1600

8.0

10230
-

0

-

-

-

0.6

1.90
1.6

Class-A, Amp.

80

10

Triode Power Amplifier

40

7.5

1.25

4.0

3.0

7.00

Class-A Amp.

425

-39.0

--•
•-••••

Triode Detec+or Amplifier

M.

4F/4D 1.1

0.25

Class-A Amp.

133

-10.5

-•••••

-

3.0

15000

440

6.6

Class-A Amp.

135

-22.5

-•••

-

6.5

6300

525

3.3

0.02

Class-A Amp.

135

- 1.5

67.5

1.3

3.7

32.5000

500

160

8.10

Class-A Amp.

180

•-•

-

6.2

7300

1-130

2.00

Class-A Amp.
Class-A Amp.

180

-143- 3.0

-

-

0.2

150000

200

8.3
30

450

-84.0

.-

-

55.0

1833

2100

3.8

3.3

0.132

2.0

0.132

3.5

Triode Amplifier

M.

40

1.5

Triode Voltage Amplifier

M.

40

5.0

0.25

2.8

Triode Power Amplifier

M.

40

7.5

123

4.2

26
40
50

1

IOS

2.8

2.3
10
2.5
2.2
3.4

4.10

7.10

8500

-

0.5

3.3

--•

Class-A Amp.

1.0

4D

..,..,, m .
"'"'""

1.8

2.0

4K

385 0T

0.24
0.26

-

----

0.225

S.

0.13

6.0

0.225

M.

8000
10000

0.2

1.4

6.3

Triode Power Amplifier

Type

......
-

6.3

Tetrode R.F. Amplifier

Power
Load
Resistance Output
Ohms
Watts

---

78R

'

5824
•

-.

''''''

7BR

1

2807

- 9.0

F
72::

A.
M.

20

'

4.3

Screen
V olt s

A.

22

0.08 ,

Grid
Bi °s

U.H.F. Triode

--

XXD /
14AF7

Discontinued.
Max. value.

Acorn Triode

-

-

- . ..

6L4

---

1644

.--

1700

6F4

1

1.0

6000 , 0.175

15000

Pla eto plate.
5 Values are for each unit.
'Values are far single tubs.

10000

4000 ,

-

--

Class-8 Amp.
Class-A Amp.

11/12

1284

-

Characteristics same as 6E5-Table IV

28 ,

-22

Type

-SPECIAL RECEIVING TUBES

Capacitance pmfd.
MateGrid

100

180*

3 P.p.

TYP•

Load
Power
Tronscon- A .....
1'00Plate
i'T Resistance Output
Current Resistance ductance
M o.
Oh ms
Mi crom hos
Ohms
Watts
cis "

390*

2

- -

m0.

Characteristics same as 6SN7GT-Table II

16.3 -volt pilot lamp must be connected between Pins 6 and 7.
Per section- resistance-coup ed.
operation- values for both sections.

*Cathode resistor-ohms.

Screen
Current

Some as 14C7 ( Special Non-microphonic)

1280

"Di

Screen
Volts

6300
-..4350

-1.0

4A6G

1.6
---

10

0.11

20

11/12

---.

22

-

26

-

40

4.6

30

TABLE
Fil. or Heater

Type

Name

71-A

Amp.

In

Out

Use

Piale.
Grid

Plate
Supply

Grid

Bai

Screen
Vogt.

M.

40

3.0

0.23

99.

3.2

2.9

7.50

Triode Detector Amplifier

Class- A Amp.

180

S.

4D

-43.0

3.3

--

112A'

0.063

2.5

2.5

Tried. Detector Amplifier

3.30

Class- A Amp.

90

- 4.5

-

Ciess-A Amp.

180

-13.5

-

Class- A Amp.

250

-35.0

-

Class- A A m p.

250

--

Class- A Amp.

180

1328/
482B

Triode Amplifier

M.

4D

5.0

1.25

--

183/483'

Power Tried e

M.

40

5.0

1.25

-

485'

Triode

S.

SA

3.0

1.3

864

--

Triode Amplifier

S.

40

1.1

0.25

--

954

Pentode Detector,
Amplifier

A.

511B

6.3

0.15

3.4

Triede Detector,
Amplifier, Oscillator
Variable- J. Pentode
R.F. Amplifier

956
957

Triode Detector,
Amplifier, Oscilloter

958
958-A

Triode A.F. Amplifier,
Oscillator

959

Pentode D
Am lineertector,
U.h.f. Triode

i 7E5/1201
I

RECEIVING
_ _ __-- --..........

Triode Power Amplifier

955

I

Socket
Base Conn«.
lions
Volts

X - SPECIAL

Capacitance µµfd.

7C4/1203
7A17

1204

/

1276

A.

SIC

6.3

0 13

--

3.0

1.0

0.6

0.007

1
18
500
°
1350

- 4.3

-

Class- A Amp.

90

-

2.9

Class- A Amp.

250

- 3.0

100

0.7

2 0

Bias Detector

250

- 6.0

100

--

250

- 7.0

-

90

- 2.5

---

0.007

Class -A Amp.

250

- 3.0

100

2.7

Mixer

250

-10.0

100

--

0.6

0.8

2.60

A.

511E

1.25

0.03

1.8

2.5

0.015

Cl ass- A Amp.

145

-

L.

MIN

6.3

0.13

3.6

2.8

1.50

Class- A Amp.

180

- 3

250

- 2

Sharp Cut-off Pentode

L.

810

6.3

0.15

3.5

Triode Power Amplifier

M.

4.0

-0.06

Class- A

Amp.

1.14

--

--

--

Class- A Amp.

58

1.1

0.25

--

-

--

Class- A Amp.

6.3

0.4

1.2

0.01

1.3

1609

Pentode Amplifier

S.

5768

U.h.f. " Rocket" Triode

N.

9004

U.h.f. Diede

A.

4131

6.3

0.13

--

-

9005

--

U.h.f. Deed.

Detector

A.

51IG

3.6

0.165

--

-

EF-30

--

Sharp Cut-off Pentode

Detector

L.

9C

6.3

0.3

GL -2C44
GL-464A

U.h.f. Triode

O.

6.3

0.75

Fig. 17

--

5
-

GL-446A
Uhf . Tr
i
ed.
roe
GL-446...
11

0.

Fig. 19

6.3

0.75

-

--

559
GL- 559

U.h.f. Diode

O.

Fig. 18

6.3

0,5

-

-

Fig. 38

5.2

NU- 2C33

Special Hi-Mu Triode

O.

6.3

0.3

VI52

Tried*

M.

4D

7.0

1.18

X6030

Diede

L.

Fig. 4

3.0

0.6

XXII

Twin-Triede
Frequency Converter

L.

Fig. 9

2.8/
1.4
./

0.05/
0.10
.._

1.6

--

6.3

0.3

3.2

5.0
-

0.007
--

_

Cer, p
3:
Z

;Mc.

-

135

- 7.5

-

3.0

67.5

--

100

---•

2.5
6.7

Twin-Diede Triode

L.

8BZ

•.••••••• 11.1,111.1••

' '-'• - ns.
7 Section No. 2 recommended for h.f.o.

25

1700
1800

25
1440

2.0

20800

650

13.5

10000

1200

12

-

5.3

800000

600

480

12000

---

36

0.6

Max. d.c. output
1.75

800000

1200

-

1.5

67.5

0.65

2.5

400000

725

300

250

-

1

--

--

9.3

.-.-..

4500

35

--

-

25.0

.--

7000

--

Oscillator, Amp
or Converter

250

2'
00

-

.---..

13 .0

-

4500

45

Detector or trans.
lne
itch
sw itch

3.0

-

.--

--

24.0

.-..

.--

--

950

5

2300

3.8

Class- Ai Amp.
Noise Diode

220

-43.5

___
-

-

5.0

525000

-

29.0

1650

90

Converter.

90

1

- 3
Class- A Amp.

485

--

864

-

95 ,

--

955

956

---

-

--

957

-

938
958-A

---

959

-

7E5/1201
7C4/1203
7A137/
1204

---

---

250

- 1

Dry battery operation.
Section No. 1.

Section No. 2.
Same as X99. Tree VO0

1609
5768
9004
9005

-

-

EF-50

•-•

GL- 2C44
GL-464A

-

GL-446A
GL-4461

-.

359
GL-559

---

3800

1.0

4.0
4.5.
4.5 '

0

183/483

-

-

Max. p.c. vello .- 117. Max. d.c. ou put current- 1 ma.
250
3.1
10
600000
6300
-

100'

--

2.0

Max. a.c. voltage- 117. Max. d.c. ou put current -5 rna.

250

7.7

112A

1276

133

_ 200

99

182B/
4828

Characteristics similar to 6A3

8000

71-A

-

urrent-8 ma.
"--

Type

--.

--Oscillator peak volts- 7 min.

Class- A Amp.
and Modulator

3.0

.---

--

2200

14700

3.0
1.7

0.4

100
.••••••

11400
700000

--

NU-2C35
VT52
X6030

11200
11200

1.4.
1.4

1900.
1900 '

1300.
1300 1
760.
760.

1.9

6700

1300

I2

5.

,

XXFM

--

150*

S
i
thun
ut
ioV
to
e l:age

4500
-

8.2
2000

250

0.62

-

5.0

610
1400

3.2
5.°
12.5

IF.- IF. Amp.

2.3

-

-

13503

1

0.79
--

-

1 5 meg.

Max. r.m.s. voltage- 150

4.5

8

135

Rectifier
Class- A Amp.

4D

Fig. 36

6.3

Class- A Amp.

Cl ass A Amp.

4800
-•

Plate current lobe adjusted 100.1

1.40

0.1

-

8.3

9300

1.25

--

1800

18030

5110

0.15

4700

6.0

1.20

6.3

7.7

25.0

0.7

4AH

6.6

---

0.3

L.

3.0

425

-

0.05

U.h.f. Diode

1700

15503

- 9.0

1.25

.

1750

2.5

-60.0

3BD

3.0

20.0

---

3811

3.4

Plate
Transcon- I
Load
Power
Resistance ductance ! .‘"1
,p
o'
r Resistance Output
Ohms
Micromhosi ac '
Ohms
Watts

18.0

A.

0.13

Plate
Current
Ma.

-

A.

6.3

Screen
Current
Ma.

,
,

14.3
4.3
100
5

---•
XXI
,------.--

XXFM

7 Discontinued.

TABLE XI- MINIATURE RECEIVING TUBES- Other miniature types in Tables XIII and XV

Name

Type

Socket
Base Connec
tiene

Fil. or Heater

Capacitance ppfd.

Volts

In

Amp.

-

Out

IA3

H. F. Diode

B.

SAP

1.4

0.15

IAE4

Sharp Cut-off Pentode

B.

6AR

1.25

0.1

1AF4

Pentode

B.

6AR

1.4

0.025

1AF5

Diode Pentode

B.

6AU

1.4

0.025

IC3

Triode

B.

5CF

1.4

0.05

0.9

4.2

1L4

Sharp Cut-off Pentode

B.

6AR

1.4

0.05

3.6

7.3

PlateGrid

4.4

3.8

7.6

-

Plate
Supply
nit

Grid
Bias

Detector
F.M. Discrim.

-

3.6

Use

Screen
Volts

Screen
Current
m

Plate
Current
Me.

Plate
Transcon- Amp.
Leed
Power
Resisnce
ta
duct. nce Factor Resistance Output
4
Ohms iMicremhos
Ohms
Watts

Max. a.c. voltage per plate- 117

0.008

Class-Al Amp.

90

0

90

1.2

3.5

Max. output current-0.5 ma.
500000

1550

Prototype

•--..

-

-

-

-

.008

Class-Ai Amp.

90

0

90

0.5

1.65

1800000

950

-.--

-

-•-•

-

••

Clues-At Amp.

90

o

90

0.4

1.1

2000000

600

-.-

--

-

-

1.8

Class-Ar Amp.

90

- 3

--.

1.4

19000

760

14.5

--

--

ILE3

Class-A Amp.

90

0

2.0

4.5

350000

1025

-

-

-

INSGT

-

-

-

ILA6

.008

90

1L6

Penteerid Converter

B.

7DC

1.4

0.05

Converter

90

o

45

0.6

0.5

650000

300

1R5

Pentegrid Converter

B.

7AT

1.4

0.05

-

-

•-•-•.•

Converter

90

o

67.5

3.0

1.7

500000

300

1S4

Pentagrid Power Amp.

B.

7AV

1.4

0.1

--•

-

-..

Class-A Amp.

90

67.5

1.4

7.4

100000

1575

155

Diode Pentode

B.

6AU

1.4

0.03

Class-A Amp.

67.5

67.5

0.4

1.6

600000

625

R-Coupled Amp.

90

0

90

IT4

Venabloti Pentode

B.

6AR

1.4

0.05

3.6

7.5

0.01

Class-A Amp.

90

0

67.5

1.4

3.5

500000

900

-

.--

--

IPSGT

IU4

Sharp Cut-off Pentode

B.

6AR

1.4

0.05

3.6

7.5

0.01

Class-A Amp.

90

0

90

0.3

1.6

1500000

900

-,

--

-

1N5GT

IUS

Diode Pentode

B.

6BW

1.4

0.05

...-

1U6

Pentagrid Converter

B.

7DC

1.4

0.025

IW4
2C51

Power Amplifier Pentode

B.
B.

SBZ

1.4

0.05

Twin Triode

!ICJ

6.3

0.3

2E30

loam Power Pentode

B.

7CQ

6.0

0.7

3A4
3A5

Power Amplifier Pentode
H.F. Twin Triode

B.
B.

0

Screen resisto 3 meg., grid 10 insig.

1 meg.

67.5

0

67.5

0.4

1.6

600000

623

-

-

---

90

o

45

0.55

0.55

600000

273

-

---.

-

-

3.6

7

0.1

- 9
- 2

s
8.2

300000
-

-

12000

0.2

1114

1.3

90
150

923

1.0

Class-Ai Amp.
Class Ar Amp.

1

2.2

5500

35

-

-

7F8

Class-Ar Single

250

450*

250

7.4

2

44

2

63000

3700

40

2

4500

4.5

4.5

0.5

Class-Al Amp. ,

250

225*

250

14.8

2

88

2

-

-

80

2

9000 ,

9

Clase-Alli Amp. ,

250

-25

250

13.5

2

80

2

Class-AB2 Amp. ,

250

-30

250

20

120

2

135

150

- 7.5
_ 154

90

10

90
-

.--

2

1

-

48

2

8000

4

12.5

40

2

3800

,

17

7BC

0.9

1.0

3.20

Class-A Amp.

90

- 2.5

lie
,

(ele s

Class-Ai Amp.

90

- 8

1.4

0.1

2.8

0.05

Class A Amp.

90

4.5

90

1.4

0.1

2.8

0.05

Series Filaments

Class A Amp.

90

7.0

67.5

1.4

0.1

Parallel Filaments

Class-A Amp.

90

- 4.5

90

2.1

9.5

100000

2150

-

2.8

0.05

Series Filaments

Class-A Amp.

90

- 4.5

90

1.7

7.7

120000

2000

-

7BA
611X

-

-

-

Para let Filaments
Series Filaments
Pero lel Filaments

90

B.

SCE

6.3

0.13

90

6.3

0.3

-

-

-

Freq. Converter

-

6AGS

Sharp Cut-off Pentode

B.

7BD

6.3

0.3

-

-

-

Clas"

250
100

200•
100.

6AH6

Sharp Cut-off Pentode

B.

7CC

6.3

0.45

Pentode Amp.

300

160*

Triode Amp. ,

150

R.F. Amplifier

28

200•

180

- 7.3

Y3

180

200•

120

7BD

6.2

6.3

0.175

0.175

10

2

......

4.3

0.03
iii--

2.1

0.03

Class-A Amp.

Am p'

Class- AB Amp. ,
R.F. Amplifier

250

3.7

8300

1800

1.5

LS

120000

1100

2.1

9.3

100000

2150

120000

2000

90

B.

1.5

1900

.--,

U.h.f. Triode

90000

100000

...

Triode Hexode

0.5

14.9 ,

14.12

6AE8

2.2

2.6

2.2

6AB4

7,, M

0.050

Converter

Class-A1 Amp.

B.

10SGT

Class-A Amp.

0.34

Power Amplifier Pentode

IA7GT

0.4

4.2

354

B.

-.

4.8

68X

Sharp Cut-off Pentode

-

0.1

7BA

6AKS

-

0.2

B.

8.

0.270

0.22
0.11

B.

Tharp Cu' el , 'Peeled!

8000

1.4

Power Amplifier Pentode

ifiAilá

--•

1.4
2.8

Power Amplifier Pentode

B.

- 7.0

Grid No. I 100000 ohms

12

8

-•

0.3

2.8

3E5

Power Amplifier Pentode

-

12

7BB

304

3V4

7.5

1.7

7.7

1.4

7.4

1.1

6.1

100000

200*

-

-

10

10900

-

--

--

-

-

150
100

2.0
1.6

160*

7.0
5.5

150

2.5

10

-

-

12.5

1.2

3.0

28

•••-••

15

8000
10000
10000

60

-

5000
4750

-

500000

9000

-

3600

11000

-

40
250

7.7

---690000

5100

-

2.4

3500

0110129 ,

0.24
0.27
0.235
0.27
0.24
_.
---

-

140

2.2

7.0

420000

4300

1800

-

-

120

2.5

7.5

340000

5000

1700

-

-

180

- 9.0

180

2.5

15.0

200000

2300

-

B.

7BK

6.3

0.15

4.2

0.12

6BT

6.3

0.3

-

.---

-

Detector

6A MS

Power Amplifier Pentode

B.

6CH

6.3

0.2

-

-

--••-

Class-A, Amp.

250

-13.5

250

2.4

16

130000

2600

---

6AM6

Pentode

B.

MI

6.3

0.3

Class-Ai Amp.

250

- 2

250

2.5

10

1000000

7500

-

10000

305GT
Single unit
12AT7
6947 GT .

6AC7

.---

1.1

6H6GT

1.4

--

Max. f.M.S. voltage- 150. Max. d.c output current- 10 rna. 1
16000
-

305GT

1.0

-

330•

B.

i--.
3Q5GT

-

200 •

U.h.f. Twin Diode

3.25 0.01

-

.175
0.27

150

Power Amplifier Pentode

7.5

.--

120
6AK6

Class-A Amp.

___.

-

6ALS

3.6

.-

i-i

8000

5500

2750

-

10000

1425

90000

0.6
0.7

8000

1575

-

800000
300000

-

-

TABLE XI- MINIATURE RECEIVING
Type

Name

Base

Socket
ConnecHone

Fil. or Heater
Volts

Capacitance odd.

Amp.

In

Out

r

d.

Plate
UseGrid
Supply
Bias
Bi
Volts

6ANS

Power Amp. Pentode

B.

7BD

6.3

0.5

9.0

6AN6

Twin Diode

B.

78J

6.3

0.2

--

6AN7

Triode Hexode

B.

90

6.3

0.23

3.0

9.2

0.1

Converter

Beam Power Tetrode

B.

7BZ

6.3

0.45

7.6

6.0

0.35

Class- A; Amp.

6AQS
6A06

Duodiode Hi-mu Tri
o de

B.

7BT

6.3

0.15

6AR5

Pentode Power Amp.

B.

6CC

6.3

0.4

4.8

1.7

--

0.05

--

1.5

Class-A; Am.

..-

Detector

1.80

--

Class- A

.--

Triode

Class-A; Amp.

6ASS

Beam Pentode

B.

7CV

6AS6

6.3

Sharp Cut-off Pentode

0.8

B.

6.2

7CM

0.6

6.3

Class-A, Amp.

0.175

4.0

3.0

0.02

Class-A Amp.

0.3

2.3

1.1

2.10

Closs-A Amp.

12

6AT6

Duplex Diode Triode

B.

6AU6

7BT

6.3

Sharp Cut-off Pentode

B.

7BK

6AV6

6.3

Doodled° Hi-mu Triode

0.3

5.5

B.

7BT

6BA6

6.3

0.3

Remote Cut-off Pentode

--

B.

7CC

68A7

6.3

Pentagrid Converter

0.3

5.5

5.0

B.

6BC5

8CT

6.3

0.3

Pentode

9.5

8.3

B.

68C7

7BD

Class-A; Amp.
.0035 Class-A Amp.
--- Converter

6.3

Triple Diode

0.3

6.6

3.1

B.

.02

9AX

Class-A; Amp.

6.3

0.45

.-

--

FM/AM Dot.

-

5.0

61106

Remote Cut-off Pentode

B.

7CC

6.3

0.3

61307
6BE6

Duodiode Hi-mu Triode

B.

9Z

6.3

Pentagrid Converter

B.

7CH

6.3

0.23
0.3

6BE7

Heptode Limiter -Disc.

B.

9AA

6.3

0.2

-

-

B.

7BZ

6.3

1.2

--

---

--2.4

.0035 Class-A Amp.

--

-•-•

--

-..

Class-A Amp.

1.3

1.3
Class-A; Amp.
Osc. Grid 50000 St Converter

6BF5

Beam Power Pentode

68F6

Duplex-Diode Triode

B.

7BT

6BH6

6.3

0.3

Sharp Cut-off Pentode

1.8

B.

7CM

6.3

0.15

6BJ5

5.4

Pentode

B.

6CH

68.16

6.3

Remote Cut-off Pentode

0.64

---

---

68K6

Duodiode Triode

B.

7BT

6BN6

6.3

;

Gated-beam Disc.

B.

7DF

6.3

0.3

613N7

Duel Triode

B.

Fig. 41

6.3

0.75

-

TUB

FM Limiter.

1.1

250

4.4

- 7.5
- 9

0.0035 Class-A; Amp.

250

- 1

250

- 5

110

p.
4.2

3.3

5.5;

1.6;

.004
37

FM Disc.

;
80

110
..150
250

4.0/8.5
49/50
-MUM
2.9
MUM

100

5.5
3.3

--

--

- 1.3

60

5

10000
8500

7500
1900

1400000

4600

40000
1300000

10500

1.2

80000

0.23

--

1250
-

MEN
MUM

3800

5

220*

14000

-

-

2000

28

- 3

9.0

--

---

35

Class-A, Amp.

250

- 9

--

6000
58000J

--

315

-13
- 12.5
- 8.5

225
250

7BT

6.3

0.3

-

68W6

Beam Pentode

B.

9AM

6.3

0.45

--

--

6C4

Triode Amplifier

B.

68G

6.3

0.15

1.6

1.3

1.60

Class-A; Amp.

250
250

-

5800

9.5

8500

3750

--

8500

5.5

--

5000
--

4.5

6200

-

2000

-

2200

7CM

6.3

0.3

6.3

1.9

0.02

Class-A; Amp.

6.3

200

0.3

S

180*

5

150

0.008

Class-A; Amp.

2.8

J.

U.h.f. Grounded-Grid
R.F. Amplifier

6.3

0.4

5.5

0.24 4.0

Grounded .Grid

2.3
-

720000

7BQ

150
-

9.0

B.

- 8
200*

600000

6J4

250
150

15.0

4500

12000

Class-A; Amp.

100

100*

-

--

10.0

5000

11000

7BF

6.3

0.45

9N

6.3

6N4

0.71

B.

7CA

6.3

0.2

61.113

Duodiode Pentode

B.

9T

6.3

0.3

2.2

0.4

1.6

3.0

6.2
1.6

1
1.10

4

4.6

.002

10

Class-A; Amp.
Mixer, Oscillator

100

so*

-.

--.

170*

250

Class-A Amp.

250
180

- 3.5

5.2
-

Class-A; Am.

250

- 2BEM

Class- A; Amp.

-

--

4100

78K

--

8.5
36
12
1

7100

5300

40000

10000

1600000

17

----

0.3

52000
7700

B.

B.

10000

77000

B.

B.

16

--

35

Remote Cut-off Pentode

•-•

6SR7GT
--

47
Mai

Sharp Cut-off Pentode

--.
6SA7GT

-

MOM

6036

Power Amplifier Pentode
U.h.f. Triode Amplifier

70

1900

6CG6

65K7GT

1.9

6
--

6511712
-----

--

250

B.

6SG7GT.

-.

150

Duodiode Triode

6S07GT

--

Class-At Amp.

6BU6

6SH7GT

--

Class-A; Amp."

0.4

607GT

68000

12

0.03

6K6GT

6SS7GT
-

5500

6.3

6T7G

-.-..-

2200

6.3

--6V6GT

4.0

24

9Al

--.

7000

-

78T

6AG7

---

-

B.

Prototy pe

420
100

.--

B.

Twin Triode

Watts

10000
-

- 1

Double Triode

6MS

Ohms

16
---

120

Duodiede Triode

6J6

Power
Output

2500

-

Class-A; Amp.

Load
Resistance

--

-15

61307

---

Plate
Transcon - Amp.
ductonce
Resi st
ance
Factor
Ohms
Micromhos

250

6BT6

-

Plate
Current
Ma,

Class-A; Amp. ,
Class-A; Amp. ,

1.4 2 0.3 2 0.7 ,
2.55
1.3 1.15
.--

Screen
Current
Ma.

120
12
35
12500
8000
2-R.m.s. voltage per pla e = 75 volts; d.c. output = 3.5 ma with 25000 ohms and
Bmold. load:
peak current per p ate = 10 ma.; peak inverse voltage = 210.
250
- 2
85
3
--3
750
---180
- 8.5
180
4.0 2
30 ,
58000
3700
29 2
5500
2.0
250
-12.5
250
7.02
47 2
52000
4100
45 2
5000
4.5
250
- 3.0
---1.0
58000
12
00
70
-100
- 1.0
---0.8
61000
1150
70
--250
-18
250
5.5 33 2
68000
2300
-7600
3.4
250
-16.5
250
352
5.5 1
65000
2400
•-•
7000
3.2
150
- 8.5
110
2/6.5
35/36
5600
4500
2.2
120
- 2
120
3.5
5.2
3200
-250
- 3
-1.0
58000
1200
70
250
- 1
150
4.3
10.8
2000000
5200
----,
250
- 2
---1.2
62500
1600
100
.--•
250
68*
100
4.2
11
1500000
4400
-.--250
- 1
100
10
1000000
930
-•-•
250
180*
150
1.4
4.7
600000
4900
.--Max. diode current per plate = 12 Ma. Max. htr.-cath volts = 200
100
- 1
100
5
13
120000
2350
-250
- 3
100
3.5
9
700000
2000
-250
- 3
-1.0
58000
1200
70
-250
- 1.5
100
7.8
3.0
1000000
475
---250
.-4.4
20
1.5
0.28
5000000
---

Class-A, Amp.
Class-A; Amp.
Power Amp.

Screen
Volts

'

120 - 6

.2.0
..--

-

--

6J5GT
-

_

55

55
38

_

_
3.9

32

7000
--

-

6000
-

---

TABLE XI
Socket

Name

TM,

Base Conneelions ,

MINIA1UKt KtttIVINS.*

Fil. or Heater

Capacitance Md.

Volts

Amp.

In

Out

Use

PlateGrid

1U1Sleb •••= t-ontrnuee

Plate
Supply
Volts

Grid
Bias

Screen
Volts

Screen
Current
Ma.

Plate
Current
Mo.

604

Grnd.-Grid Triode

B.

95

6.3

0.48

5.4

Class-As Amp.

250

- 1.5

-

-

15

624

U.h.f. Triode

B.

9R

6.3

0.2

1.7

0.5

1.5

Class-As Amp.

150

- 2

-

---

30

6118

Triple Diode Triode

B.

92

6.3

0.45

1.5

1.1

2.4

Class-As Amp.

250

- 9

-

----

694

Triode

B.

9AC

6.3

0.6

-

Class-As Amp.

250

- 8

-

-

6T8

Triple-Diode Triode

B.

9E

6.3

0.45

2.4

Class-As Amp.

250

- 3

-

100

-

1

-

B.

9AE

6.3

0.45

-

-

6U8

eV!,

Triade
Pentode
Triple-Diode Triode

B.

9AH

6.3

0.45

.06 3.4

--=
1.5

1.1

2.5

1.0

1.8

Class-As Amp.

150

56*

5.0

2.6

\
0.01

Class-As Amp.

250

68*

-

-

Oass-As Amp.

-

12A4

Medium Mu Triode
Sharp Cut-off Pentode
Triode

B.

9AK

IL

9AG

6.3

0.45

6.3

0.6

12.6

0.3
0.15

2.5

---=

-

12.6

0.15

2.3

1.1

\
2.10

12AT7

Double Triode

B.

9A

12AU6

Sharp Cut-off Pentode

B.

7CC

12AU7

Twin-Triode Amplifier

B.

9A

12AV6

Duodiode HI-mu Triode

B.

7BT

12AV7

Double Triode

B.

9A

12AW6

Sharp Cut-off Pentode

B.

7CM

12AW7

Sharp Cut-off Pentode

B.

7CM

12AX7

Double Triode

B.

9A

12AY7

Dual Triode

B.

9A

12AZ7

Double Triode

B.

9A

128A6

Remote Cut-off Pentode

B.

1211117

Pentagrid Converter

128D6
128E6

12.6

0.15

12.6

0.15

12.6

0.225

6.3

0.45

12.6

0.15

-

---•

--

12.6

0.15

6.5

0.15

1.6

,

- 2
120*

0.3

1.6

'

6.3
12.6
6.3

0.15
0.3

-•

1.3

1.9

Class-As Amp."

0.025

1.5

0.025

0.46

,

0.34

' 1.7

0.6

1.7

,

6.5

-•-•

-

56*
200*

Triode Amp. e

250

825*

250

200*

250

- 2

150

1.0
10
11

1200

70

-

---.

10000
9400

5500
6600

55

-

-

62

----

-

4.3

10.8

1meg.

5200

-

-,

10.5

7700

2200

17

--

-

1.2

62500

1600

-

-

9.0

6100

6100

-

-

150
150
-

100

-

1

•••••

Class-A Amp.

250

- 4

....

Lo-Level Amp.

150

2700*

2.0
2.0
••-•-•

18

4800

8500

7.0

800000

5000

5.5

11000

3800

7.0

-

-

125117GT

-

-

125147GT

100

-

-

37

-

-

41

-

--

-

-

-

42

-

-

0.8 meg.

5000

-

-

'

62500

1600

100

-

-

0.5

4

8000

1250

100

-

•-•

-.-

1750

40

-

-.

15000

4000

60

---

-

5500

60

-

-

.0033 Class-A Amp.

10900
1500000

4400

-

-

--

8.3

-

Converter

250

-

3.8

1000000

3.5

-

-

-

5.0

.004

Class- A Amp.
Converter
Class-A Amp.

12.6

0.15

9.5

Remote Cut-off Pentode

B.

7CC

12.6

0.15

4.3

Pentagrid Converter

B.

7CH

12.6

0.13

128F6

Duodlode Triode

B.

711T

12.6

128117

Dual Triode

B.

9A

128K6

Duodlode Triode

B.

78T

Osc. Gild 50000 It
1.1
2.6
-

2.00

-

-

Plate rosi tor = 20000 U. Grid resistor = 0.1 Meg. V.G. = 12.5
3.7

Class-As Amp.

1207GT

-

1.2
3

12H6GT

58000

10.0
11.0

8CT

3

5200

-

ft.

-•-••

1200

-

5.0

0.15

-

-

5.5

0.3

.---

-

----

7CC

12.6

-

1600

200*

0.4 , 1.9 ,

12.6

-

-

270*

0.5 , 1.9 ,

3.1 8

1.8

150

Class-As Amp.

30

-

100

3.1 ,

0.45
0.15

0.15

1.0

250

Class As Amp.

4.6

250
250

0.225

6.3
12.6

0.6

180

Pentode Amp.

1

1.3

12.6

6.3

-

13

2.m s. voltage per plate = 117; d.c. output = 9 ma. per plate; peak ma.
per plate = 54; peak inverse voltage = 330.

100

8

12.6

-.

1.1

250

1.5

1.5

-17

--•

150

Class-As Amp.

8

0.4 1

150

-

- 8.5

0.35

--•

Max. diode #2 and 43 Ma. = 10 each. Max. diode # 1Ma. = 1.0

250

8

70

Class Al Amp.

1.6

8500
5200
1200

-

,

5000
400000
58000

250

1

18
10
1.0

.0035 Class-As Amp.
1.5

6.5

-

-

,

0.5'

-

-

-

0.5

3.1

-

- 2
- 1

,

-

40

250

1.45'

1.6
-

-

Class-As Amp.
Each Unit

0.15
0.3

-

-

-

12.6
6.3

-•

70

-

2.5 e 0.35 e 1.45
5.0

70

1300

- 3.0

2.5

,

1200

5400

250

0.15

5.5

0.45

5800

0.8

-

Detector

0.3

,

-

Class-A Amp.

12.6

6.3

--.-

-

- 3.5

12.6

0.3

-.

- 3
27000

78T

10000

16

250

150

6BT

16

4500

-

150

B.

1900

3600

70

Pentode Mix.

B.

8500

1300

Triode Ose.

Duplex Diode Triode

-•
-

9.5

54000

0.008

Twin Diode

-.

0.8

1.4

I2AT6

-.

--.

-

1.2

12AL5

-

..

-

1.0

Class-As Amp.

••-•

16

1

4.5

-•-•

80

5500

26
1.0

3.5

Prototype

12000

-

2.6

-

-

Amp.
Load
Power
Factor Resistance Output
4
Obras
Watts

100

Diode
6X8

110

Plate
TransconResistance ductance
Ohms
Micromhos

4.2

68*

100

1

100

250

- 3

100

3.5

9.0

700000

2000

-

-

-

12SK7GT

250

-

100

7.8

3.0

1000000

475

-

-

-

12SA7GT

250

- 9

9.5

8500

1900

16

-

-

12527GT

.---•

3250

18

-,

-••

6SN7GT

63000

1600

too

-.

.-

1.5

-.--

10

-

2.4

Class-Ai Amp.

250

- 9.5

-

-

11.5

-

Class-As Amp.

250

- 2

-

-

1.2

12SG7G
-.

12111.16

Gated-beam Disc.

B.

7DF

12.6

0.15

FM Dist.

Same as 63N6

128T6

Duediede Triode

B.

78T

12.6

0.15

-

-

-

Class-As Amp.

Same as 6BT6

.-

128116

Duediorle Triode

B.

78T

12.6

0.15

-==.,

-

-

Class-As Amp.

Same as 68U6

--.

12827

Dual Triode

B.

9A

12.6

0.15

0.7

0.45

Class-As Amp.il

19A05

Beam Pentode

B.

78Z

--

-

Class-A Amp.

6.3
18.9

0.3
0.15

4.2

6.5
-

3.3

.004

230

- 2

-•

-

2.5

31800

Same as 6/105

-.

3200

100

-

•-•

•-••
-

TABLE XI - MINIATURE RECEIVING TUBES- Continued
Type

19C8

Name

Fa *or Heater

Capacitance pi.fd.

Volts

Amp.

In

92

18.9

0.15

18.9

0.15

2.0

0.4

1.5

Class-A t Amp.

1.5

1.1

100

2.4

50*

Class-At Amp.

250

- 3

250

125*

Socket

Base Connections

Triple- Diode Triode

.

19J6

Twin Triode

I9T8

B.

78F

Triple-Diode Triode

B.

9E

19V8

Triple-Diode Triode

18.9

0.15

26A6

Remote Cup-off Pentode

B.

9AH

18.9

0.15

26BK6
26C6

B.

7BK

Duodiode Triode

B.
B.

26.5

0.07

Duplex -Diode Triode

7BT

26.5

0.07

7BT

Semi-Remote Cut-off
Pentode

26.5

B.

7BK

Pentogrid Converter

B.

26CG6
2606

Diode

1.4

2

26.5

0.07

Class-At Amp.

5.0

5.0

250 - 9

0.008

Class-At Amp.

250 - 8

7CH

26.5

0.07

B.

7B2

35

0.15

B.

7CV

35

0.15

B.

78Z

50

B.

0.15

7CV

50

0.15

Class-At Amp.

Osc. Grid 20000 ii Converter
11
6.5 0.4
Class-Aa Amp.
12
6.2 0.57
Class-At Amp.
13
6.5 0.50
Class A Amp.

5590

Pentode

5591

B.

R.F. Pentode

7BD

6.3

0.15

3.4

5654

7BD

Sharp Cut-off Pentode

6.3

0.15

3.9

5656

a.
B.

7BD

6.3

0.175

B.

9F

4

5670

Double Tetrode
Dual Triode

6.3

0.4

5686

B.

Power Pentode

B.

BCJ

3.6

6.3

0.35

2.2

6.3

0.35

6.4

12.6

0.45

5687

Dual Triode

B.

5722

Noise Generating Diode

5725

B.

Semi remote Cut-off
Pentode

B.

Fig. 29
9H

6.3

0.9

5CB

2/5.5

1.6

7CM

6.3

5726

Twin Diode

5749

Remote Cut-off Pentode

5750

Pentagrid Converter

5751

Dual Triode

B.
B.
B.
B.

5755

Double Triode

B.

9J

Beam Pentode

B.

Dual Triode

B.

5812
5814
5842

Triode

5844

Twin Triode

5845

Double Triode

5847

Sharp Cut-off Pentode

5879

Sharp Cut-off Pentode
Sharp Cut-off Pentode

5910
5915

B.
B.
B.
B.
B.
B.

Dual Control Sharp
Cut-off Hooted.

5963

Dual Triode

5964

Dual Triode

6005

Beam Power Amplifier

9001

Sharp Cut-off Pentode

6BT

6.3

0.3

7111(

6.3

0.30

6.3

0.30
.175
0.6

7C12

6.3

0.65

9A

6.3
12.6

.173

9V
78F

6.3

0.35
0.3
0.3

J 100

150

Same as 681(6
9.5
8500
9.0
720000

2.3

250

-

1.5

100

110

7.8

- 7.5

110

72

110

- 7.5

41

110

3/7

110

- 7.5

40/41

110

4.0

- 7.5

49.0

110

4/8.5

49/50

3.0

110

2.85 0.01

90

820*

90

ClassAt Amp.

180

1.4

2.9

0.02

200*

Class-At Amp.

120

1.5

120

Class-At Amp! ,

200*

120

1.0

0.06
1.3

150

- 2

Class-At Amp.

120

0.11

240*

IS

4.0

ISO

2.7

Class-At Amp.

250

- 12.5

250

250

5

27

- 12.5

120

- 2

0.45 3.1

Class-A Amp.

1.5

Noise Generator
Class-At Amp.

120 - 2

Rectifier
3.0 .0033 Class At Amp.
Osc. Grid 2000051 Converter

250

Class-A t Amp.

250

D.C. Amp.

310

250

TransconLoad
Power
Amp.
ductance
Factor Resistance Output
Micromhos
Ohms
Watts

1000000

--

•-•

16

475
401

2500

1.5

2500

1.5

14000

7500

3000

1.9

2500

1.9

9000

2.7

10000

7500

300000

2.4

2000

1.7

690000

2.5

5100

7.5

340000

5000

60000

5800
5500

35

3100
4000

4100

34

2000

16.5

10000

20

5.2

7.4

0.2

Class-At Amp.

250

1.6

0.5

1.5

Class-At Amp.

250

- 8.5

9.0

Class At Amp.

2.4

0.48 1.8
0.5 2.7

150

62*

Class-At Amp.

100

470*

3200

10.5

6250

2200

19.5

26

1800

24000

7950

43

3400

27

SCA

6.3
4.3

0.435

9X

6.3

0.3

Noise Generator
7.1

2.9

300

9AD

6.3

0.04

0.15

ClassAt Amp.

2.7

2.4

160

0.11

- 8.5

Class-At Amp.

160

(Plates tied together)
4.5
0.4

4.8

12SL7GT

12SN7GT

6J6

600000
12500

6AR

1.4

0.05

3.6

7.3

0.008

250

- 3

Class At Amp.

100

7CH

90

O

6.3

0.3

90

7.2

0.45

8.6

0.3

Switch

30

75

8.25

1.9

1.5

Class-At Amp.

67.5

o

2.1

1.3

Class At Amp.

100

50*

Class-At Amp.

250

-12.5

Class-A82 1

250

4.5/7

- 13

45/47

5/13

4100

70/79

60000

5000

3750

4.5

10000

10

Mixer

250 - 3.0

250
100
100

52000

Class-A Amp.

250
250

7BF
711Z
7PM

12.6

0.15

6.3

0.3

6.3

0.45

6.3
6.3

0.45
0.15

3.6

3.0

0.01

- 5.5

- 3.0

1.8

SOL6GT

1F8

Maximum a.c. voltage per plate = 117; Maximum d.c. Mo. per plate = 9.
4.2
68*
100
11
1Meg.
4400
- 1.5
100
1Meg.
7.5
2.6
475
0.5 10
- 3
1.1
58000
1200
70
150K*
0.15
140000
500
70
900000
-23
250
1.8
40
55000
4100

9

33L6GT

3500

16
35
3.5

38
70

5800

8.2

120

100

1900

5800

2

Type

2000

3.9

200

3.2 ---

5.5

Plate
Resistance
Ohms

80000
1250
Max. diode current = 6 Ma. each.
8.5 1
7100
5300
1.0
5800
1200
Character' tics same as 6V8
4
10.5
1000000
4000

Class-At Amp.
0.01

0.18

6.3

9A
B.

12.6
12.6

4

Plate
Current
Ma.

Class-At Amp.

2.9

.175

7CH
9A

.0035 Class-At Amp.

Screen
Current
Mo.

0.5

1.8

Beam Power Amplifier

Screen
Volts

101

0.07

Beam Power Amplifier
Beam Power Amplifier
Beam Power Amplifier

Grid
Bias

5.0

3555

5005

Class-At Amp.

Plate
Supply
Volts

6.0

35C5
SOBS

Use

Plato.
Grid

Out

2 Meg.
1.5 Meg.

1000
900

6
71

7850

2800

22

9.5 1

6500

6000

39

0.7
2.0
11 msg.+
rht• nawelle soml.•....0 A

1400
Ate.

TABLE
Type

9002

Name
Triode Detector,,
Amplifier, Oscillator

Socket
Fil. or Heater
Base Connecti
ens
Volts
Amp.
B.

7TM

6.3

0.15

9003

Remote Cut-off Pentode

B.

7PM

6.3

0.15

9006

U.h.f. Diode

B.

6BH

6.3

0.15

XI- MINIATURE RECEIVING TUBES- Continued

Capacitance ,.dd.
In

Out

Peri

1.2

1.1

1.40

3.6
-

3.0
-

0.01
-

Use

Class- A Amp.

Plate
Supply
Volts

Grid
Bias

250

- 7.0

-

Screen
Current
Ma.
-

6.3

11400

2200

25

-

-

2.5

14700

1700

25

-

-

6.7

700000

1800

-

-

250

- 3.0

100

Mixer

250

- 10.0

600
100
Ose. peak voltage 9 volts
Max. a.c. voltage- 270. Max. d.c. output current- 5 ma.

Detector

2.7

TrensconLoad
Power
Plate
Plate
Current Resistance ductance
Amp. Resistance Output
Watts
Mo.
Ohms
Micromhos Factor
Ohms

Class-A Amp.

Values are for two tubes in push-pull
Unless otherwise noted.
No signal plate mo.

St Oscillator gridlock ohms.
ICathode resistor-ohms.
Per Plate.
1 Maximum-signal current for full-power output.

Screen
Volts

-

Type

-.
-

-

--

9 Grid

No. 2 tied to plate and No. 3 to cathode.
Ili Oscillator grid current Ma.
II Values for each section.

1 Effective

plate-to-plate.
7 Triode No. 1.
Triode No. 2.

TABLE XII- SUB- MINIATURE TUBES
Name

Typo

Socket
Fil. or Heater
Base ConnecAmp.
Volts
A
lions

Capacitance ppfd.
In

Plate'
Grid

Use

Plate
.

Su P"

Volts

Grid
Bias

Screen
Screen
Current
Volts
Ma.

Plate
Plate
TronsconCurrent Resistance ductance
Ma.
Ohms
Micromhos

Load
Power
Amp.
Fa ctor
_ Resistance Output
Ohms
Watts

Class-At Amp.

67.5

-4.5

67.5

0.4

2.0

150000

750

-...

0.05

1ACS

0.01

Class-Ai Amp.

67.5

0

67.5

0.75

1.85

700000

735

•-

-

--•

1ADS

6.5

4.0

0.25

Converter

30

0

30

0.75

0.32

300000

100

-

-

-

1C8

6

-

-...

Converter

67.3

0

67.5

1.3

1.0

ISO

-

--•

-

1E8

-

-

--

Detector Amp.

67.5

0

67.5

0.4

1.6

400000

600

-

-

-

1S6

0.04

-

-

-...

Class-Ai Amp

67.5

0

67.5

0.4

1.6

400000

600

-

-

-.

116

-

-

-

Class-A, Amp.

67.5

-4.5

67.5

0.4

2.0

150000

750

-

25000

0.05

1VS

0.01

Power Pentode

Be.

Fig. 14

1.25

0.04

IADS

Sharp Cut-off Pentode

Bs.

Fig. 16

1.25

0.04

1.8

1C8

Heptode

-

1.25

0.04

1E8

Pentagrid Converter

Be.

Fig. 27

1.25

0.04

156

Diode Pentode

BS.

8DA

1.25

0.04

116

Diode- Pentode

Fig. 28

1.25

1VS

Audio Pentode

Be.
r

1W5

Sharp Cut-off Pentode

2E31

-

.-..

-

25000

Type

2.8

-

IACS

-

Out

s

1.25

0.04

a

'

1.25

0.04

Class-At Amp.

67.5

0

67 .5

0. 7 5

1.85

7 00000

735

-

-

-

1WS

R.F. Pentode

1

2

1.25

0.05

Class-Al Amp.

22.5

0

22.5

0.3

0. 4

2E32

R.F. Pentode

1

1

1.25

0.05

Class-A Amp.

22.5

0

22. 5

0. 3

0.
4

35 0000

SOO
500

-

-

---

2E31
2E32

2E35

Audio Pentode

'

s

1.25

0.03

Class Ar Amp.

Audio Pentode

I

0.03

Class Al Amp.

0.0 7
0.07

0. 27
0.27

220000

385
385

-

2

1.25

0
0

22.5
22.5

2E36

22.5
22.5

2E41

Diode Pentode

I

1.25

0.03

2E42

Diode Pentode

1

1

1.2'5

0.03

2G21

Triode Heisted.

i

2

1.25

0.05

2G22

Converter

3

1.25

0.05

6AD4

Triode

68A5
68F7

I

2.3

-

3.5

-

•-•
-

45

0.11

0.45

250000

Detector Amp.

22.5

0

22.5

0.12

0.35

-

Detector Amp.

22.5

0

22.5

0.12

0.35

Converter

22.5

-

22.5

0.2

0.3

Converter

22.5

22.5
-

0.3
-

0.2
1.4

500000
26000

60
2700

70

-

-

2G22
-.

100
-

1.25
-

4 .8

15 0000

7000

3300
4800

-

8.0

35

-

-

6BAS
68E7

100*

-

-

8.0

7000

4800

35

-

-

680

-

-

11.5

4650

3450

16

-

-

61IG7
61(4

•-•-•

--.

45

-1.25

1

6.3

0.15

2.8

3.2

1.31

Class-Al Amp.

100

Pentode

Bs.
1

0
no*

1

6.3

0.15

4.0

6.5

0.19

Dual Triode

Bs.

8DG

6.3

0.3

2.0

1.6

1.5

Class- Ai Amp.
R.F. Amp.

100
100

270 *
100*

IIDG

6.3

0.3

2.0

1.6

1.5

R.F. Amp.

1

6.3

0.15

2.4

0.8

2.4

Class Ai Amp.

1

0.7

0.065

-

----

-

R.F. Probe

'
2

1.25

0.033

-

-

-

Class-A Amp.

2

1.25

0.033

-

-

-

r

1.25 _ 0.033

-

-

-

68G7

Dual Triode

61(4

Triode

Is.
1

1247

Diode

1

100
200

1 meg.
-.

D.C. plate current-0.4 Ma.
Max. a c. volts-300 r.m.s.
30
0.06
0.3
1000000
325

-

2E41

-

2E42
2G21

1247

45

0.055

0.28

1500000

300

Class-A Amp.

30

0

30

0.13

0.55

500000

400

-

60000 0.003

CK.502

Class- A Amp.

30

0

30

0.33

1.5

150000

600

-

20000

0.006

CK503

30

- 1.25

30

(09

350

-•

60000

0003

CK304

30

0

30

0.07

- 0.4
0.17-

500000
1100000

140

-

45

-1.25

45

0.08

0.2

2000000

150

45

-4.5

43

0.4

1.25

120000

500

-

45

-2.5

45

0.21

0.6

360000

500

-

0.15

150000

160

16

60 pa

500000

65

32.5

atoo4

2

1.25

0.033- -

-

CK505

Pentode Voltage Amplifier - i

2

0.625

0.03

--.

C1(506

Pentode Output Amplifier - à

2

1.25

0.05

-

-

.-

Class-Al Amp.

CK507

Pentode Output Amplifier --.

:

1.25

0.05

-

-.

-

Class-Ai Amp.

CK509

Triode Voltage Amplifier

--I

1

0.625

0.03

--

-

--.

Class- A Amp.

45

0

Dual Space-Charge Tetrad°

- i

7

0.625

0.05

..--

-

.--.

Class-A Amp.

45

0

-CK510

75

-

----

0

Pentacle Chaim! Amptirtw -1
Pentode Output Amplifier - à

co:Iwo, Amp.
-

-

375

-1.25

CI(50à

-

250000

-

45

Pentode Voltage Amplifier - l
-.

-

30

CK 501
_a_
CK502

Pentode Output Amplifier

500

0.00 12 2E35
150000 0.0012
2E36
100000 0.00

Class-A Amp.

0.2

200 pa

--

-

CKS01

CK505

30000

0.025

CK506

50000

0.010

0(507

100:000
-

-

CK509

-

CKSIO

TABLE Xii-SUB-MINIATURE TUBES- Continued
7¡po
2

Name

Socket
Base Conneclions

Low Microphonic Pentode

t

In

Out

Plot. Grid

Use

Plate
Supply
Volts

Grid
Bias

Screen
Volts

Load
Plate
TransconPower
Resistance ductance Amp. Resistance Output
Ohms
Micromhos Factor Ohms
Watts

Type

0.02

-

--•

.---

Voltage Amp.

22.5

0

22.5

0.03

-

-

-

Class-A Amp.

45

0

-

2

0.625

0.05

-

---•

-

Class-At Amp.

45

-2.5

I

2

1.25

0.05

--

-

-

Class-At Amp.

22.5

-3

22.5

0.22

0.8

-

400

-

-

0.006

CK321AX

1

2

1.25

0.02

-

-

•--

Class-At Amp.

22.5

0

22.5

0.08

0.3

-

450

-

-

0.0012

CK522AX

1.25

0.03

-

-

-

Class-A Amp.

22.5

22.5

0.075

0.3

-

360

-

-

0.0025

CK523AX

1.25

0.03

-•

--•-•

.--

Class-A Amp.

15

15

13.125

0.45

t---

300

-•

-.--

0.0022

CK524AX

1.25

0.2

•-•-••

-

-

Class-A Amp.

22.5

-1.2

22.5

0.06

0.25

-

325

-••-•

•-•.-

0.0022

CK525AX

1.25

0.2

-

-

----,

Class-A Amp.

22.5

-1.5

22.5

0.12

0.45

-.

-

-

0.004

CK526AX

-

1.25

0.015

--

-t--.

-

Class-A Amp.

22.5

0

22.5

0.025

0.1

--

-

.--

0.0007

CK527AX

•-•--

0.02
0.03

-

-

15

-

275

--

22.5

22.5

0.17

-

235

-

-

0.0012

Detector-Amp.

0.05
0.04

0.2

-

-

Class-A Amp.

2

1.25
1.25

-

CK529AX
CK551AXA

2

1.25

0.05

-

---

t-

Class-At Amp.

22.5

0

22.5

0.13

0.42

-

550

--»

--

-

CK553AXA

1.25
1.25

0.125
0.07

-

----.-

R.F. Oscillator

135

-5

--.-

-

4.0

-

1600

-

-

-»-•

CK556AX

R.F. Oscillator

135

-6

-

-

1.9

-

-

-

..--

650

-

-

-

CK5611AX

Class-At Amp.

67.5

0

67.5

0.48

1.8

,---

1100

-

-

-

CK569AX

-

--

Class-A Amp.

120

120
-

2.5

7.5

•-•
-

5000

-

-

--•

CK605CX

150 a.c.

-2
-

--•

CK60611X

CK521AX

Audio Pentode

CK522AX

Audio Pentode

CK523AX

Pentode Output Amp.

t

CK524AX

Pentode Output Amp.

1

-

C71525AX

Pentode Output Amp.

1

--•

CK526AX

Pentode Output Amp.

1

CK527AX

Pentode Output Amp.

1
1

1

CK553AXA R.F. Pentode

1

CK 556AX

U.h.f. Triode

CKS68AX

U.h.f. Triode

1
1

2

2

C1051511X
CK520AX

-

t-

500-Mc. Ose.

120

-2

-

-

9.0

-

5000

-

-

0.75

CK608CX

2

6.3

0.2

-

--

250

-2

--

-

4.0

--

4000

-

--.

-

CK6I9CX

0.2

•-

Class-At Amp.

6.3

Class-A Amp.

120

-2

-

-

-

Class-At Amp.

120

-2

3.5
2.5

5.2
7.5

-

3000
5000

-

-..
-

-

CK624CX

0.2

120
120

-

6.3
1.25

0.05

-

-•

•---

Class-A Amp.

67.5

-6.25

67.5

1.0

2.75

-

625

-

-

1.4

0.07

....

-•

Class-A Amp.

45

-4.5

-

•-•-•

0.4

-1.5
-1.5

22.5
45

2

-

1

5K

Pentode Voltage Amplifier -

1

5K

1.4

0.07

-

-••••

Class-A Amp.

45
90

HY125
HY155

Pentode Power Amplifier

1

SK

1.4

0.07

--•

•-•

-•

Class-A Amp.

45
90

-3.0
-7.5

M54

Tetrode Power Amplifier

-

-

--t--•

Class-A Amp.

30

0

M64

Tetrode Voltage Amplifier

-

-

Class-A Amp.

30

M74

%trod° Voltage Amplifier

RK61

Gas Triode

SD917A
5637

Triode

5638

Audio Pentode

SD828E
5634

Sharp Cut-off Pentode

4

SN944
5633

Remote Cut-off Pentode

•

SN946

Diode

1

5N9471)
5640

Audio Beam Pentode

t

SN948C

Voltage Regulator

SN953D
514954
5641

tt--t-t

0.625

0.04

1

2

0.625

0.02

1

2

0.625

0.02

•--

-

-

Class-A Amp.

30

a

2

1.4

0.05

-

-

-

Radio Control

45

I

2

6.3

0.15

2.6

0.7

1.4

Class-At Amp.

I

2

6.3

0.15

4.0

3.0

0.22

6.3

0.15

4.4

2.8

.---

6.3

0.15

4.0

2.8

2

6.3

0.15

1.8

2

6.3

0.45

1

-,

....-t.

Power Pentode

1

-••

6.3

0.15

Half-Wave Rectifier

1

2

6.3

0.45

SN9558

Dual Triode

1

2

6.3

0.45

SN9563
5642

H.V. Half - Wave Rectifier

2

-

0.0045

---

Detector

HY115
HY145

2

75

-

CK4l2

0.2

1

-

400

-

••-•

6.3

U.h.f. Triode

2

180

1000000

2

CK608CX

2

1

-

-=

24

---

2

Pentode Output Amp.

0.24

-

-

Single Diode

1

160

-

CK6068X

1

160

-

0.15

-•

Hi-Mu Triode

15

-

0.15

0.2

2

1

Sharp Cut-off Pentode
Sharp Cut-off Pentode

0.07

0.125

0.05

1

CK619CX

45

-1.75

-1.5
0

-

1.25

R.F. Pentode
Sharp Cut-off Pentode

CK624CX

-1.2

0.04

6.3
6.3

CK569AX
CK605CX

SD828A

Plate
Current
Ma.

0.625

Audio Pentode

Triode Amplifier

Screen
Current
Ma.

0.625

CK .
..20AX

CK650AX

Amp.

2

Triode Voltage Amplifier

CK5672
HY113
HY123

Volts

Capacitance ned.

2

- I
1

Cis:150X

CK529AX
Shielded Output Pentode
éK551AXA Diode Pentode
«

Fn. or Heater

1.25

0.14

0
0

-

9.0 d.c.

310
450

255
190

50000 0.0115
28000 0.09

200

0.06

0.5

130000

26

35000

0.005

M54

-

0.03

200000

110

25

-

-

M64

7.0

500000

0.01

0.02

-

1.5

-

70
-

---

-

M74

-

125
-

-

-

100

820 1

•-»--

-

1.4

26000

2700

70

-

-

SD917A
5637

Class-At Amp.

100

270*

100

1.25

4.8

150000

3300

-

-

-

SD828A
5638

0.01

Class- At Amp.

100

150 *

100

2.5

6.5

240000

3500

-

--.

-

SD828E
5634

0.01

2.8

7.0

200000

3400

-

-

-

514944
5633

-

9.0

-

-

-

-

5N946

2.2

31.0

5000

-

150*

100

-

-

-

-

-

Class-At Amp.

100

-9

-

-

-

Regulator

0.2

Class-A Amp.

150

100*

100

-

Rectifier

300

--•

--•

-

1.3

Class- At Amp.

100

100•

-

----,

-

H.V. Rectifier

1.0

825000
420000

HYI13
HY123
HY115
HY145
HY125
HY155

30

150

-

-

0.9
2.6

40000 0.0065

CK650AX
CK5672

--

100

2.8

300
370

0.2
0.5

Rectifier

-

6.3

58
270

45
90

Class-At Amp.

t-t ...---

250

0.03
0.48

-

3.8

25000
5200000
1300000

0.008
0.1

-

9.5

0.06

100

15000

3000

1.25

9000

1.0

Operating voltage= 95; Max. current = 25 Ma.

,

4/1.5

Pack inverse V.

21/20
45.0
5.5

50000
8000

SN947C
5640
SN9411C

9000

•-•-

-

-

4250

RK61

34

-

-

SN953D
51.1954
5641

-•-•

-

5N95515

10000 Max. Average ip = 2 Ma. Peak 1p = 23 Ma.

SN9568
5642

TABLE XII - SUB- MINIATURE TUBES- Continued
Socket
Base Connecdons

Name

Type

Fil. or Heater
Volt«

Amts.

Capacitance oofd.
In

Out

SN957A
3643

Triode

t

2

6.3

0.15

SN1006

Triode

1

2

6.3

0.15

SN 10078

Mixer

4

-

6.3

0.13

5.0

2.8

5635

Dual Triode

81:$8

6.3

0.45

2.6

3639

Video Pentode

1

80L

6.3

0.45

5641

Single Diode

1

6CJ

6.3

0.45

5643

Tetrode Thyratron

1

8DD

6.3

0.15

1.7

1.6

5644

Cold Cathode Diode

1

4CN

•-•..-»

-.

-.-

..-•-•

3646

Triode

1

-

6.3

0.15

2.4

3.4

5647

Single Diode

,

BI

6.3

0.15

2.2

5718

U.h.f. Medium-Mu Triode

1

8DK

6.3

0.15

2.2

0.7

1.4

3719

Hi-Mu Triode

1

8DK

6.3

0.15

2.4

0.6

3840

U.h.f. Sharp Cut-off Pent.

1

IIIN

6.3

0.15

4.2

4.0

5896

U.h.f. Duol Diode

1

INN

6.3

0.3

3.0

5897

U.h.f. Medium-Mu Triode

1

SDK

6.3

0.15

2.2

0.7

1.4

5898

Hi-Mu Triode

1

80K

6.3

0.15

2.4

0.6

0.7

5899

Bs.

9.5

Grid
Bias

Screen
Current
Ma.

Screen
Volts

Plate
Plato
TransconCurrent Resistance ductance
Ma.
Ohms
Micromhos

Load
Power
Amp. Resi
sta nce Out
put
Factor
Ohms
Watts

Type

Class-Ai Amp.

100

560•

-...--

-

5.0

7400

2700

20

..-

-

SN957A
5645

Class-Ai Amp,

100

820•

-

--•

1.4

29000

2400

70

---

-

SN1006

0.003 Mixer

100

150*

5.0

4.0

230000

900

-

-

SN10078

1.6

1.2

Class-A Amp. ,

100

100*

-

4.8

10000

3800

---

--

5635

7.5

0.10

Class-Ai Amp.

150

100*

-

H. W. Rectifier

0.1

Relay
Gr
Gr
id
Contr. Rect.

-.-.

Voltage Reg.

1.2

Class-A Amp.

-

H. W. Rectifier

2.0

-

Plate
Supply
Volts

Use

Nee'
Grid

1.0

1.8

-

-

100
100

38

4.0
21
50K
9000
235 volts a.c. max.; 45 Ma. d.c. output.

-

9000

5641
5643

Starting voltage =125 max. d.c. Operating voltage =95.
Operating current =5-25 Ma. Regulation =4 volts approx.
100 I 820* I

- I

-

1.4

29000 I

2400

l

70 I

Class-Ai Amp.

130

180*

U.h.f. Oscillator

150

-12

0.7

Class-Ai Amp.

150

680*

-

0.015

Class-Ai Amp.

100

150*

-.--

Del.-Rectifier
150

180*

-

U.h.f. Oscillator

150

-12

-

--.•
-

Class-Ai Amp.

150

680*

-

-

1.7

Class-Ai Amp.

5639

Peak anode volts = 500; Inv. volts =500; Peak lk = 100 Ma.; Avg. =22 Ma.

150 volts c.c. max; 9 Mo. d.c. output.
-.13
4150 I
6300 I 27 I
Fmc. = 500
20
I
g = 3.7 Mo.

-

1.0

100

-

1.7

26000 I

2700

2.4

7.5

230K I

5000

70
-

5644
---.

-

..--

0.9

-

-.

5719

.---

.-

5840

150 volts a c. max. 9 Ma. d.c. output per plate.
13
20

4150

2700

5718

5896

6500
l 27 ---•
Ig =3.7 Ma. Fmc. =500.

26000

5646
5647

70

..0.9

S897

-

-..

5898

U.h.f. Semi-Remote Pent.

1

8DL

6.3

0.15

4.4

4.0

0.015 Class-Ai Amp.

100

120*

100

2.2

7.2

260K

4500

5900

U.h.f. Semi-Remote Pent.

-

-

IIIN

6.3

0.15

-

4.4

4.0

0.015

Class- Ai Amp.

5899

1

100

120*

100

2.2

7.2

260K

4500

-

5901

U.h.f. Sharp Cut-off Pent,

8DL

6.3

0.15

4.2

5900

4.0

0.015 Class-Ai Amp.

100

150*

100

2.4

7.3

230K

5000

-

..
-

-

1

5902

Audio Ream Pentode

,

8131.

6.3

0.15

6.5

7.5

0.11

110

270*

110

2.2

15K

4200

.-

5903

U.h.f. Dual Diode

3000

1.0

5902

1

8DJ

26.5

0.075

3.0

5904

U.h.f. Medium-Mu Triode

1

SDK

26.5

0.045

2.2

0.8

1.8

-3.5

5905

U.h.f. Sharp Cut-off Pent.

1

BOL

26.5

0.045

4.4

4.2

0.015

5906

U.h.f. Sharp Cut-off Pent.

1

INN

26.5

0.045

4.2

4.0

5907

U.h.f. Remote Cut-off Pent

1

IIDL

26.5

0.045

4.4

4.0

5908

U.h.f. Pentode

5916

U.h.f. Pentode

•Cathode resistor ohms.

-

-

Det.-Rectifier
Class-Ai Amp.

26.5

U.h.f. Oscillator

26.5

0

Class-Ai Amp.

26.3

2.2«

0.01S Class-Ai Amp.

100

0.015

26.5

8DC

26.5

0.045

4.4

4.6

0.08

8DC

26.S

0.045

4.2

4.0

0.015

1

No base; tinned wire leads.

Class-Ai Amp.

Class-Ai Amp.

150 volts a c. max. 9 Ma. d.c. output per plate.
--3
3800
3000
19
20
Ig = 7.5 Ma. Fm c. = 400.

-

0.06

5904
5905

2.3

110K

2850

-

-•

-

150*

100

2.4

7.5

230K

5000

-

26.5

1.1

2.1

125K

3°)(

---.

-

-

2.2«
2.2«

26.5

Class- Ai Amp.

100

150*

Mixer

100

150*

Leads identified on tube.

5903
-

0.9

26.3

26.5

5901

26.5

Class- Ai Amp.

Mixer

30

2.2«

No screen connection.

17 C
503

-

800
3000

-

130K
400K

1100

26.5

1.6

1.6

2.3

1.0

100K

100

3.4

4.4

100

4.6

2.5

Double-ended type.

30K

'Values per triode.

-

.---.•

-

-

-

-

-

5906
5907
58
: 7
8

5916

«Grid leak resistor, megohms.

TABLE XIII - CONTROL AND REGULATOR TUBES
Typo
0A2

Name
Voltage Regulator

Bose
7-pin B.
- r-pin

B.

Socket
C
Hens
580

Cathode
Cold

0A5

Gas Pentode

082

Voltage Regulator

7-pin B.

580

Cold

0A4G
1267

Gas Triode
Starter-Anode Type

6-pin O.

:
s
t,
/
'

Cold

Fig. 33

Cold

Fil. or Heater
Volts

Amp.

-

---

-

.......

Use
Voltage Regulator

-

Voltage Regulator

_.

_

Cold-Cathode Starter-Anode
Relay Tube

-

Voltage Regulator

1847

Voltage Regulator

7-pin B.

-

-

-

Gas Triode
Glow-Discharge Type

6-pin O.

4V

Cold

-

2A4G

Gas Triode Grid Type

7-pin 0.

55

Fil.

2.5

Relay Tube
Voltage Regulator
2.5

-

Relay or Trigger

--

1C21

Peak
Anode
Voltage

Control Tube

-

Max.
Anode
Mo.
-

Minimum
Tube
Grid
Ope
Volta
ra
ting
ge Operating
Supply
Voltage
Ma.
Resistor
VoltageDrop
185

150

5-30

.---

Pk* -750 V., Screen = 90 V., Grid-I-3 V., Pul n-85 V.
133
108
5-30
-

-.
--

-

With 105- 120-volt a.c. anode supply, peak sarter-anode a.c. voltage Is 70,
peak r.f. voltage 55. Peak d.c. ma = 100. Average d.c. ma = 25.
125-145
200

225
25
0.1 «
100

66

82
,

180'
-

1....2

-

-

-

55

-

OAS
082 0A4G
1267
1847

73

--

Type
0A2

15

1C21
2A4G

-

TABLE XIII - CONTROL
Name

Type
605G

Gas Triode Grid Type

284

Gas Triode

2C4
2021

Gas Tetrode
Gas and Mercury Vapor
Grid Type

3C23

Socket
C
lions

Base

Cathode

AND

Volts

Use

Amp.

8-pin 0.

60

Htr.

6.3

5-pin M.

SA

Htr.

2.5

0.6
1.4

Sweep Circuit Oscillator

7-pin B.

SAS

Fil.

2.5

0.65

Control Tube

300

-

Relay Tube

400

---•

-

1000

6000

-

Grid-Controlled Rectifier

2500

6.3

0.6

4- pin m.

3G

Fil.

2.5

7.0

Grid-Controlled Rectifier

7-pin B.

SAY

Htr.

6.3

0.25

Control Tub*

5.0

Grid-Controlled Rectifier

Gas Triode

17

Mercury Vapor Triode

4-pin M.

3G

Fil.

874

Voltage Regulator

4-pin M.

45

-

-

-

Voltage Regulator

876#

Current Regulator

Mogul

-

-

-

-

Current Regulator

884

Gas Triode Grid Type

6-pin 0.

60

Htr.

6.3

0.6

885

Gas Triode Grid Type

5-pin S.

SA

Htr.

2.5

1.4

8860

Current Regulator

-

-

967

Mercury Vapor Triode

4-pin M.

3G

Fil.

Sweep Circuit Oscillator

5.0

Operating
M a.

Grid
Resist

1.0

0.1-10

Tube
Voltage
Drop
2

Type
605G

19

284

Grid-Controlled Rectifier

650
-

-

100

0.1-10

-

500

1.0

1500

2021

-,---

7

-4.5

2C4

8

7

9

15

3C23
100
1500
-2.5 9
15
Plate volts = 350; Grid volts = - 50; Avg. Ma. = 25; Peak Ma. = 100; Voltage drop = 16. 604
7500 ,
500
200-3000
2000
17
2500
-5 3
1000
250
10-24
125
90
-1040
874
876
40-60
1.7
300
300
2
25000
884
350
300
75
25000
-

Same as Type 884

Characteristics same as Type 884

Current Regulator

2.5

Operating
vo lt age

300

650

Htr.

-

300

Minimum
.
Supply
Volta ge

Plate volts = 350; Grid volts = - 50; Avg. Ma. = 5; Peak Ma. = 20; Voltage drop = 16.

78N

Mogul

Max.
Anode
Ma.

Grid-Controlled Rectifier

7-pin B.

2.5

TUBES- Continued

Peak
Anode
Voltage

604

1

REGULATOR

Fil. or Heater

-

SOO

40-60

-5

-

3

885

2.05

--.

-

-

-

1.0-24

967
991

886

991

Voltage Regulator

Bayonet

-

-

-

Voltage Regulator

-

-

87

55-60

---•

-

1265

Voltage Regulator

6-pin O.

4AJ

Cold

-

-.-

Voltage Regulator

-

-

130

90

5-30

-

-

1265

1266

Voltage Regulator

6-pin O.

4AJ

Cold

---•

-.-

Voltage Regulator

-

-

70

5-40

-

-

1266

1267

Gas Triode

6-pin 0.

4V

Cold

---

-

Relay Tube

2050

Gas Tetrode

8-pin O.

88A

Htr.

6.3

0.6

Grid-Controlled Rectifier

650

500

-.--

-

-

Characteristics same as 0A4G

Gas Tetrode

8-pin O.

88A

Htr.

6.3

0.6

Grid-Controlled Rectifier

350

375

•=--

-

Gas Triode Grid Type

5-pin M.

SA

Htr.

2.5

1.73

Relay Tube

400

300

---•

-=

5651

Voltage Regulator

7-pin B.

580

Cold

-

Voltage Regulator

115

115

87

5663

Tetrode Thyratron

7-pin 8

7CE

Htr.

6.3

5823

Gas Triode

7-pin B.

4CK

Cold

2051
/

2523NI

128AS

0.15
-

Max. peak in

Relay or Trigger

5962

Voltage Regulator

7-pin B.

2AG

Cold

Gas Triode Grid Type

4-pin M.

-

Fil.

2.5

RK61

Thyratron

Fil.

1.4

0.05

RK62

Gas Triode Grid Type

4-pin S.

4D

Fil.

1.4

0.05

Relay Tube

RM208

Permatron

4-pin M.

-

Fil.

2.5

5.0

Controlled Rectifier

5.0

'

-

Control end Relay

KY21

-

-

2.0

-

Voltage Regulator

-

10.0

Grid-Controlled Rectifier

-

Radio-Controlled Relay
1

1267

100

0.1-10

7

75

0.1-10

7

1.0

300

1.5-3.5

Y

-

45

2050

14

2051

13

2523NI /
128AS

-

5651

volts = 500; Peak Ma. = 100; Avg. Ma. = 20.

Max. peak inv. volts = 200; Peak Ma. = 100; Avg. Mo. = 25.
---730
--700
5/55e,
-

8

3000

-

1.5

30

-

-

0.5-1.5

45

1.5

-

30-45

7500 2

1000

-

-

.

500

37

5663
-5823

-

5962

-

KY2I

30

RK61

0.1-1.3

-

IS

RK62

---.

-

15

RM208

15

RM209

RM209

Permatron

4-pin M.

-

Fil.

10.0

Controlled Rectifier ,

7500i

5000

--.

-

0A3/VR75

Voltage Regulator

6-pin O.

4AJ

Cold

-

-

Voltage Regulator

-

-

105

75

5-40

-

-

0A3/VR75

OB3/VR90

Voltage Regulator

6-pin O.

4AJ

Cold

-

-

Voltage Regulator

-

-

125

90

3-40

-

-

OB3/VR90

0C3/VR105 Voltage Regulator

6-pin O.

4AJ

Cold

-

-

Voltage Regulator

-

-

135

105

5-40

-

-

0C3 /VR105

OD3/VRISO Voltage Regulator

6-pin O.

4AJ

Cold

-

---•

Voltage Regulator

-

-

185

150

5-40

-

-

003/VR150

4-pin M.

Fig. 8

-

-

-

KY866

KY866

Mercury Vapor Triode

2.5

Fil.

IFor use as grid-controlled rectifier or with external magnetic
control RM-208 has characteristics of 866, RM-209 of 872.
ODiscontinued.

5.0

Grid-Controlled Rectifier

2 When

under control peak inverse
rating is reduced to 2500.

3

10000

1000

At 1000 anode volts.
Grid tied to plate.

0-150

-

sPeak inverse voltage.
fGrid.

Megohms.
'
, Grid voltage.

9 No
40

base. Tinned wire leads.
Values in µ amperes.

TABLE XIV - CATHODE-RAY TUBES AND KINESCOPES

Type

Name

Socket
Connectie"

2AP1 7-11 Electrostatic Cathode-Ray
28131-11

Electrostatic Cathode-Ray

118

12E

Heater
Use
Volts

Amp.

6.3

0.
6

6.3

0.6

Oscillograph
Television
Oscillograph

Size

2..
2"

Anode
No. 2

Anode
Na. 1

Cut-Off
Grid

Grid
No. 2

IonTrap

Max.
Input

Voltage

Voltage

Voltage

Voltage

Ma.

Voltage

1000

250

- 60

-

-

SOO

125

- 30

-

.-

-

2000

300/560

-135

1000

150/280

- 67.5

Focus
Coil
,

Ma.

660

-

..-

SOO

-

----

500

Deflection
Sensiti vity'
G, G,

Gs G.

0.11

0.13

0.22

0.26

270 3
1252

174 3
57 3

Anode
No. 3
Voltage
--.

Pattern
Color

Type

Green

2API - 11

Green

28PI - II

TABLE

Type

Nome

Socket
Conner

Heater

lions

Volts

Amp.

7AN

2.5

2.1

XIV - CATHODE-RAY TUBES AND KINESCOPES- Continued

Use

Size

3AP1/
906-P14-5-11 ,

Electrostatic Cathode- Ray

3BP14-11

Electrostatic Cathode-Ray

14A

6.3

0.6

Oscillograph

3"

3DP I

Electrostatic Cathode-Ray

Fig. 49

6.3

0.6

Oscillograph

3"

Oscillograph

1806-P1

Electrostatic Cathode-Roy

11A

6.3

0.6

Oscillogroph
Television

3F P7-A

Electrostatic Cathode-Ray

14B

6.3

0.6

Oscillograph

3EP1 /

3"

3„

3"

3GP14-5-11

Electrostatic Cathode-Ray

11A

6 .3

0.6

Oscillograph

3 "

3JP12-4-7-11

Electrostatic Cathode-Ray

14B

6.3

0.6

Oscillograph

3"

3KP1-11

Electrostatic Cathode-Ray

11M

6.3

0.6

Oscillogroph

3"

Electrostatic Cathode-Ray

Fig. 2

6.3

0.6

Oscillograph

3"

3MP1
3RP1

Electrostatic Cathodo-Ray

5AP1 /
1805-PI
Electrostatic Picture Tube
5AP4/
1805-1,4'

12E

6.3

0.6

Oscillograph

3"

11A

6.3

0.
6

Oscillograph
Television

5"

58P1/
1802-P1- Electrostatic Picturo Tube
2-4-5-11

11A

6.3

0.6

Oscillograph

5"

SCP12-4-5-711 ,

148

6.3

0.6

Os c ii
Televisi
on
l egr op h

5"

Electrostatic Cathode- Ray

SFP1Electromagnetic Cathode-Ray
2-4-11-14

SAN

6.3

0.6

Oscillogroph
Television

s"

SHPI
5HP4 ,

Electrostatic Cathode-Ray

IlA

6 .3

0.6

Oscillograph

5"

5JP12-4 -5- 11

Electrostatic Cathode-Ray

11E

6.3

0.6

Oscillograph

5"

Oscillogroph
Television

"

UPI 2-4-5-11

Electrostatic Cathode- Ray

5MP14-5-11

Electrostatic Cathode- Ray

7AN

2.5

2.1

Oscillogroph

S"

SRP124711

Electrostatic Cathode-Ray

.14F

6.3

0.6

Oscillograph

5"

STP4

Projection Ki

6.3

0.6

Television

5"

pe

11F

12C

6.3

0.
6

5

Anode
No. 2
Voltage

Anode
No. 1
Voltage

Cut-Off
Grid
Voltage

Grid
No. 2
Voltage

IonTrap
Ma.

1500

430

- 50

-

-

1000

283

- 33

-

---.

600

170

- 20

-

-•

2000

575

- 60

-

-

1500

430

-- 45

-

-

2000

575

- 60

-

.---

1500

430

- 40

--.

--.

2000

575

- 60

-

-

1500

430

- 45

-

-

4000

400/690

- 90

2000

-•

1500

350

- 50

--•

--•

1000

234

- 33

-

-,

2000

575

- 60

--

1500

430

- 45

•-•

-

Max.
Input
Voltage ,

550

Focus
Coil
Ma.

--.

550
550

550

550

190 ..

104 3
180 ,

73/99 3

52/70 ,

1000

165/310

-67.5

---

-

-

-

2000

330/620

-135

-

-

-

-

2000

573

- 33

.--»

1500

430

- 27

2000

450

- 40

-

--•

1500

337

- 30

-

---

2000

575

- 60

-

-

1500

430

- 45

-

-

2000

575

- 60

-

-

7000

250

- 45

-

-

4000

250

-- 45

-

--.

2000

425

- 40

1500

310

- 30

2000

520

- 75

-

---•

1500

390

- 56

--

-

2000

500

- 60

-

--

--.

1500

375

- 45

-

-

1000

250

- 30

-

--.

1800

375

- 50

"a"-

.-

1000

250

- 33

--•

-

- 90

-

--.

2000

575

- 60

-

-.

27000

4900

- 70

3000

-

200

-

-

500

500
550
---,-.

500

500

660

1200
-

146/198

,

,

104/140 ,

0.17

0.21

0.23

0.28

0.3

0.33

0.4

0.45

0.28
0.37

0.32
0.43

0.36

0.41

-

-.

-

--.

--

.-..."

0.3
0.4

0.33
0.44

500

3FP7 -A

-

0.154
0.205

136I.

200/350

---

--

,

52'

1000

3EP1 /
1806-PI

1

Ill

68'

500

Green

148

150 ,

0.17
0.23

--...

3DP 1

200 ,

0.13
0.17

---

Green

0.17
0.23

-

1000

3BP1.
4-11

0.13
0.17

-

0.36

2000

Green

0.58

0.32

- 90

3AP 1 /
906-P14-5-11

0.55

153

- 45

Green
Blue
White

0.23
0.35

0.24

300

Type

0.33

212 ,

-..--

Anode
Pattern
No. 3
Color
Volta g
e

0.22

0.21

600

-

Ltd

••-•
-

1000

--

D3

-

2000

- 68

DID2

0.115
0.153

550
--

Deflection
Sensi ivity t

-

4000
3000

-•-••
-'
-

4000

3000
2000

Blue

3JP12-4-7-11

Green

3KP1 - 11

White

Green

3MP1

Green

3RP I

Green
White

5AP1/
1805-PI
SAP4/
1805-P4

Green
White
Blue

5BP1 /
1802-P 1 2-4-5-11

whi t.
Green
Blue

SCP 1 2 -4-5-7-11
5FP12-4-11-14

••••-•
-

Green
White

5111,1
5HP4

White
Green
ewe

2-4-5-11

White
Green
Blue

SLP12-4-5-11

0.25

0.28

4000

0.33

0.37

3000

-

0.25

0.28

4°00

3000
2000

-

0.33

0.37

-

0.49

0.56

.•-•••

Q,39

0.42

.-

0.58

0.64

-

0.12

0.12

15000

-•

0.18

0.18

10000

-

Green

4-5-11

Green
White
Blue

-

--.-

3GP1-

Green
Blue

.-.

-

White

White
`"

-

Green

Blue

M5-11
PI 1-

Green
White
glue

UPI2-4-7-11

White

5TP4

TABLE XIV - CATHODE-RAY TUBES AND KINESCOPES- Continued
Type

SUP17-11

Socket
Connec
lions

Name

Electrostatic Calhoda-Ray

12E

Heater
Volts

6.3

Amps.

0.6

Use

Oscillograph

Size

5"

Anode
No. 2
Voltage

Anode
No. 1
Voltage

Cut-Off
Grid
Voltage

Grid
No. 2
Voltage

IonTrap
Mo.

Max.
Input
Voltage

,

Focus
Coll
Ma.

Deflection
Send ivity 8
D, Et,
D, D,

-

38.5 3

Anode
N .. 3
Voltage

2500

640

2500

340

- 90

--...-

--

500

--

320

- 45

28 3

77'

1000

---

56 3

-

500

---

170

- 45

31

62 '

......

1000

-

---

500

--

23 3

- 90

-

--

500

3

Pattern
Color
Green
Yel-

tow

Blue

Type

5UP17-11

SWP11

Transcriber Ki

12C

6.3

0.6

Television

5"

27000

5400

-42/-98

200

-

5WP15

Flying-Spot Cathode-Roy

12C

6.3

0.6

W. Sig. Gen.

5"

20000

17
1 0
° / -42/-98

200

------

SZP16

Flying-Spet Cathode-Ray

Fig. 46

7AP4

5"

Electromagnetic Picture Tube

20000

4700

- 70

-

----.

7"

3500

-.

1000

---

..--

-67.3

-

-

-

-

--

-

-

-

White

7AP4

74)°°

230

- 45

----

----

4000

250

- 45

----

-

--.

-.

•••

7BP12-4-7-11

7000

1470

- 45

250

White
Green
Blue

---..

4000

840

- 45

250

--.

---,
--...

•-•-•

Green

1430

7CP1/
1811-181

- 45

250

-...

-

-...

•-•-

7DP4

78181 -

7
2-4-7-11

Electromagnetic Cathode-Ray

SAJ
SAN

6.3

0.6

2.5

2.1

6.3

0.6

VW. Sig. Gen.
Television
Oscillograph

7

"

Television

7CP1/ 8
1811-P1

Electromagnetic Cathode-Ray

7DP4

Ki

7EP4

Electrostatic Cathode-Ray

7GP4 5

Electrostatic KI

7JP1

pe

6AZ

6.3

0.6

Oscillograph

7"

12C

6.3

0.6

Television

7"

6000

200

---

-

-

11N

6.3

0.6

Television

7"

2500

650

- 60

Fig. 47

6.3

---•

0.6

Television

-...

-

7"

3000

1200

- 84

3000

----•

-

Electrostatic Cathode-Roy

14G

6.3

0.6

Osc ill ogrop h

7"

2000

800

- 56

-

---•

-

-

7JP4

Electrostatic Kl

4000

1600

-112

14G

-

6.3

--.

0.6

Television

-

7"

-

6000

2400

-168

7MP7

Electromagnetic Cathode-Ray

120

6.3

0.6

Oscillograph
Radar

7"

--.-

7000

-27/-63

7NP4

Projection Ki

14N

6.6

0.62 Television

7"

75000

70134

Electromagnetic Kinescope

120

6.3

0.6

Monitor

7"

7RP4

Electromagnetic Picture Tube

12D

6.3

0.6

Television

7"

psi

-

4000

-27/-63

16000/
18000

-155

-..-

912/
1368

-67.5

•-

9000

250
250

--

85

•-•--

-

-

Blue

WIWI 1

t

5WP1S

e
en

-

5ZP16

-•

White

110 3

95 3

---

White

7EP4

123 3
62/823

102 3

--

White

7GP4

246 3
_

204 3
__.

50/68 3
124/164 3 100/1363

--_

Green
White
Genish

7JP1
7JP4
7mp7

--.

-

-

Yellow

--..-

-

----

White

7NP4

250

-----6000

White

701.4

250

.-

-

White

7RP4

-

White

8AP4

White

8BP4

400/600

-27/-63

-

46 3

8AP4

Electromagnetic Picture Tube

12H

6.3

0.6

Television

8"

-•

7000

-27/-63

-

88P4

Electrostatic Picture Tube

140

6.3

0.6

Tel
ev i
si
on

8"

---.

2400

-72/-168

6000

----

1620

-72/-168

6000

7000

1425

-

-

-•

-

45 8
----

--.

62
-

120

-

--

115

-..-

-

-

.--

----

----

146/198 3 124/168 3

----

9AP4/
1804-P4

Electromagnetic K

Pe

6AL

2.5

2.1

Television

9"

9CP4

Electromagnetic KI

pe

4AF

2.5

2.1

Television

9"

"1

/
1809-P1

Electrostatic-Magnetic Cathode-Ray

88R

2.5

2.1

Oscillo gra ph

9"

108P4

Magnetic Kinescope

120

785

6.3

- 45

0.6

10EP4

Television

Magnetic-Focus Cathode-Ray

10"

-

12D

9000

6.3

- 45

0.6

250

10FP4

Television

Electromagnetic Picture Tube

10 1
2 "
/

--

120

8000

6.3

- 45

250

0.6

Television

10HP4

Electrostatic Cathode-Ray

10"

--

9000

-27/-63

White
White

14G

6.3

0.6

250

Television

5000

12D

-60/-140

6.3

1800

10FP4

Magnetic Cathode-Ray

--.

White

10KP7

10"

0.6

Oscillograph

10"

10HP4

12AP4/
1803-184

-27/-63

White

Electromagnetic Picture Tube

6AI.

2.5

2.1

Television

12"

12CP4 7

Electromagnelic Picture Tube

4AF

2.5

2.1

Television

12'

12DP4-7

Electromagnetic Cathode-Ray

SAN

6.3

0.6

Television

12"

12KP4-A

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

120847

12"

Electromagnetic Kinescope

-

11000

120

6.3

-27/-63

0.6

250

Television

120P4

Electromagnetic Picture Tube

12"

--

Fig. 35

11000

6.3

-27/-63

0.6

250

Television

12RP4

12"

----

Electromagnetic Picture Tube

10000

120

-27/-63

6.3

0.6

250

Television

80

12"

-

10000

-27/-63

250

52 8

6000

1225

- 40
- 38

7000

-

-110

5000
2500

1570

.-

9000

7000

1460

6000
7000

1240

7000
4000

--..250
250

250
-

- 90

75
-110

-

-

-...

-.

-•-•

White

-

-

....-

--••

..---

White

9CP4

Green

91131/
1809-P1

-

-

3000

--

-.

-

0.136

-.

0.272

-.•

1303

1003

-

250
230
-

10BP4
10EP4

10KP7
25

-.-

25

10
10

...,,
-

-.

-...

-

...-

- 43
- 45

-

135
135

-...

White

12AP4/
1803-P4

White

12CP4

White

120184

White

12KP4-A

White

12LP4

--

-

White

120P4

-

---

White

12RP4

TABLE
Socket
C
lions

TypeName
12SP7

Electromagnetic Cathode-Ray

120

XIV - CATHODE-RAY TUBES

Heater
Volts

Amps.

6.3

0.6

Use

Sise

Oscillograph

12"

Anode
No. 2
Voltage
-

AND

KINESCOPES- Continued

Anode
No. I
Voltage

Cut-Off
Grid
Voltage

10000

-27/-63

Grid

Ion-

No. 2
Voltage

Tr a p
Ma.

250

Max.
In put

Voltage.

Deflection

Focus
Coil

Sensi

Ma.

Di D.,

lefty °
Da D4

Anode
No. 3
Voltage

Pattern
Color

TYP•

-

-

107

-

--

-

Genish- 12SP7
Yellow

110

---.

-

--

12TP4

Electromagnetic Picture Tube

120

6.3

0.6

Television

12"

-

11000

-27/-63

250

120

--

White

12TP4 _

12UP4

Electromagnetic Picture Tube

120

6.3

0.6

Television

12"

-

11000

-27/-63

250

--

--

110

-

-

--

White

14111,4

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

14"

-

11000

-27/-63

250

120

-

110

-.

--

-

White

12UP4 _
14BP4

14CP4

Electromagnetic Picture Tube

12D

6.3

0.6

Television

14"

-

12000

-33/..-77

250

-

105

-.

-

-

White

14CP4

14DP4

Electromagnetic Picture Tube

--

-27 /
-63

250

---

-

-

White

11000

140124
-_

0.6

Television
Television

14 "

Electromagnetic Picture Tube

6.3
6.3

0.
6

14EP4
14GP4

120
120

-

-

While

14EP4

Television
Television

I4GP4

15"

-

White

Electromagnetic Cathode-Ray

0.6
0.6

14 "

ISAP4

Fig. 42
6.3
.6.3
120

.--29402

15CP4

Electromagnetic Picture Tube

Fig. 35

0.6

Television

15"

---.

Electrostatic-Magnetic Kinescope

6.3

14"

110

-.-

250

--.-

-

--

--

---

-.

White

15AP4

250

109

-.

115

.---

-

---

White

15CP4

146

--

.-

---

White

ISDP4

--

..-

-

White

16AP4

-

12000

-33/-77

12000

-33 /
-77

300

- 45

- 45

8000
9000

32.
120

100

110

150124,

Electromagnetic Picture Tube

120

6.3

0.6

Television

15"

-.

13000

-27/-63

250

105

-.

16AP4

Electromagnetic Picture Tuba

Fig. 35

6.3

0.6

Television

16"

-•

12000

-33/-77

300

-

--.

I6CP4

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

16"

-.

12000

-27/-63

250

1`20

-

110

--

-

--

White

I6CP4

16EP4A

Electromagnetic Picture Tube

12D

6.3

0.6

Television

16" -

-

12000

-33/-77

300

-•

-..

105

.-

-.•

--

White

16EP4A-

16FP4

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

16"

.......

13000

-27/-63

250

105

-•

146

-.

-.---

White

16FP4

16GP4

Electromagnetic Picture Tube

120

6.3

0.6

Television

16"

-

12000

-33/-77

300

23.

---.

100

.-.-

-•

--..

White

16GP4

16012411

Electromagnetic Picture Tube

12D

6.3

0.6

Television

16"

--.

12000

-33/-77

300

35.

-

100

--

--

-

White

16GP411

16GP4C

Electromagnetic Picture Tube

120

6.3

0.6

Television

16"

..--

12000

-33/-77

300

45.

-..-

100

-

----

-

White

16GP4C

16HP4

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

16"

--

12000

-33/-77

300

120

---

110

-

-

--

While

16HP4

16JP4
16KP4

Electromagnetic Picture Tube

120

6.3

0.6

Television

16"

--

11000

-27/-63

250

120

--

115

-

-.

--

1604

Electromagnetic Picture Tube

120

6.3

0.6

Television

--

14000

-33/-77

300

90

.--

-

--

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

--

12000

-33/-77

300

30.
120

--.

1eLP4

16"
16"

White
White

--

110

-

-.

-

White

I6LP4

16RP4

Electromagnetic Picture Tube

120

6.3

0.6

Television

16"

--

12000

-33/-77

300

120

--.

100

•-•

-•

--.

White

16RP4

16SP4A

Electromagnetic Picture Tube

120

6.3

0.6

Television

16"

-

12000

-33/-77

300

120

16TP4

Elecbomagnetic Picture Tube

Fig. 35

6.3

0.6

Television

16"

-

12000

-33/-77

300

16KP4 -

---

110

-

--

-

White

16SP4A

45.

--

115

-•

-.--

---.

White

I6TP4

23.

16UP4

Electromagnetic Picture Tube

120

6.3

0.6

Television

16"

---

12000

-27/-63

300

--

100

-..

-.•

-.-

White

16UP4

16WP4A

Electromagnetic Picture Tube

120

6.3

0.6

Television

16"

-

12000

-27/-63

250

120

-

110

--

---

---

White

I6WP4A

16ZP4

Electromagnetic Picture Tube

120

6.3

0.6

Television

16"

-

12000

-33/-77

300

120

-.

110

-

-

-

White

I6ZP4

17AP4

Electromagnetic Picture Tube

12D

6.3

0.6

Television

17"

---

12000

-33/-77

300

75

.--

100

--

-

White

I7AP4

17BP4A

Electromagnetic Ki

Fig. 45

6.3

0.6

Television

17"

-

14000

-33/-77

300

50.

-

99

--

-

---

White

17BP4A

17BP4B

Electromagnetic Picture Tube

12D

6.3

0.6

Television

17"

--

12000

-33/-77

300

35.

--

1
.
00

--

-

-

White

17BP4B

17CP4

Electromagnetic Picture Tube

120

6.3

0.6

Television

17"

--

14000

-33/-77

300

50.

-

104

-

-

-.

White

17CP4

1701.4

Electrostatic-Magnetic Kinescope

Fig. 43

6.3

0.6

Television

17"

--

14000

-33/-77

300

40.

.-

-

--

-

3620 2

White

17GP4

19AP4

Fig. 35

6.3

0.6

Television

16"

-

13000

-27/-63

250

-

146

--.

-

---.

White

I9AP4

I9AP4A

Electromagnetic Picture Tube
Electromagnetic Picture Tube

I2D

6.3

0.6

Television

16"

--

12000

-33/-77

300

75

--

140

--

-

----

White

19AP4A

19DP4A

Electromagnetic Picture Tube

12D

6.3

0.6

Television

19"

-

13000

-26/-63

250

105

--

146

---

-

-

White

19DP4A

I9EP4

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

19"

--

13000

-26/-63

250

105

--

146

-

-

-

White

19EP4

19FP4

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

16"

--.-

13000

-27/-68

250

100

-.--

100/130

-

--

-

White

19FP4

19GP4

Electromagnetic Picture Tube

6.3

0.6

Television

19"

-

13000

-27/-63

250

105

.,-

110/130

-

-

--

White

19GP4

20BP4

Eleckomegnetic Cathode-Ray

6.3

0.6

Television

20"

--

15000

- 45

250

-.-.-

..-

---

--.

-

-

White

2081.4

20CP4

FJectromagnetic Picture Tube

Fig. 44

6.3

0.6

Television

20"

-

12000

-33/-77

300

75

-

95

-

-

-

White

20CP4

20FP4

Electrostatic-Magnetic Kinescope

Fig. 66

6.3

0.6

Television

20"

12000

2300/
3100

-33/-77

300

75

-

---

.--

--

-

White

20FP4

20GP4

Electrostatic-Magnetic Kinescope

Fig. 42

6.3

0.6

Television

20"

--

16000

-33/-77

300

40.

22AP4

Electromagnetic Picture Tube

Fig. 35

6.3

0.6

Television

22"

.--

14000

-33/-77

300

35.

---

117

--.

-

24AP4A

Electromagnetic Picture Tube

120

6.3

0.6

Television

24"

-.

12000

-33/-77

902.

Electrostatic Cathode-Ray

6.3

0.6

Oscillogroph

2"

600

150

pe

120
120

Fig. 1

- 60

300
-

105

32.
--,-

350

97
--

4270 2

White

20GP4

---•

White

22AP4

-

-

-

White

24AP4A

0.19

0.22

-

Green

902

TABLE XIV - CATHODE-RAY TUBES AND KINESCOPES- Continued
TYP•

Name

Socket
Conn«
dons

Volts

Amps.

6AL

2.5

2.1

Oscillograph

9"

7000

Heater
Use

Sloe

Anode
No. 2
Volt ag e

Cut•Off
Grid
Vo lt age

Grid
No. 2
Vo lt ag e

IonTrap
M o.

1360

-120

250

--.

-

-

4000

.-..

0.09

-...w

1000

-.

0.19
..-....

500

-.

0.223

0.233

500

-

0.334

0.348

.».

-..---.

-...-

-

...-...

903 ,

Electromagnetic Cathode-Ray

904

Electrostatic-Magnetic Cathode-Ray

Fig. 3

2.5

2.1

Oscillograph

5"

4600

970

- 75

250

Electrostatic Cathode-Ray

Fig. 6

2.5

2.1

Oscillograph

5"

2000

450

- 35

-.-

1107

Electrostatic Cathode- Ray

Fig. 6

2.5

2.1

Oscillograph

5"

908 7

Electrostatic Cathode-Ray

7AN

2.5

2.1

Oscilloaraph

3"

P05

7

Deflection
Sensitivity ,

Anode
No. I
Vo lt age

Max.
Input
Vo ltage ,

Focus
Coil
Ma.
-

Characteristics same os Type 3AP1/906P1
430

1000

287

- 50

--

l

2

...w.-

Characteristics same os Type 905
1500

D ID

-

D

3

D

0.23
.--

908-A

Electrostatic Cathode-Ray

7CE

2.5

2.1

OwIllograph

3"

909

,

Electrostatic Cathode-Ray

Fig. 6

2.5

2.1

Oscillograph

5"

910

,

Electrostatic Cathode-Ray

7AN

2.5

2.1

Oscillograph

3"

Characteristics ¡ante as Type 3AP1/906P1

-

911

,

Electrostatic Cathode-Roy

7AN

2.5

2.1

Oscillograph

3"

Characteristics sante as Type 3AP1/906P1

Electrostatic Cathode-Ray

Fig. 8

2.5

2.1

Oscillogroph

3"

0.031

- 33
---• I
Characteristics same as Type 905

.

Anode
No. 3
Vo l
tage

Pattern
Color

TYP•

-

Green

-.-

Green

904

-•

Green

905

-

Blue

907

.....

Blue

908

..w-...

903

Blue

908-A

Blue

909

-.

Blue

910

•-•--

Green

911

--.

Green

912

--.

-.-..
0.041

913

Electrostatic Cathode-Ray

Fig. 1

6.3

0.6

Oscillograph

1"

500

100

- 63

---.

250

-

0.07

0.10

914'

Electrostatic Cathode-Ray

Fig. 12

2.5

2.1

Oscillograph

Green

913

9"

7000

1450

- 50

250

.--•

3000

-.

0.073

0.093

1800 ,

Electromagnetic Kinescope

6AL

2.5

2.1

Green

914

Television

9"

6000

1250

- 75

250

-.....

-.....

--.•

........

-

-,

1801 ,

Electromagnetic Ki

pe

Fig. 13

2.5

Yellow

1800

2.1

Television

5"

3000

---..

-..-

--..-

-.

-,

11116P4-A Electromagnetic Ki

pe

Fig. 65

Yellow

1801

6.3

0.6

Monitor

912

10000

2000

10"

- 66

450

- 35

9000

- 63

250
-

250

-

-

7000

_

-----

2001

Electrostatic Cathode-Ray

4AA

6.3

0.6

Oscillograph

1"

2002

Electrostatic Cathode-Ray

Fig. 1

6.3

0.6

Oscillograph

2"

600

120

2003

Electrostatic Cathode-Ray

Fig. 14

2.5

2.1

Television

5"

2000

1000

- 35

200

-

-

.-..

24-X14

Electrostatic Cathode-Ray

Fig. 1

6.3

0.6

Oscilloscope

2"

600

120

- 60

---.

-

-

-...

Between Anode No. 2 and any deflecting plate.
Grid No. 4 voltage.

3

0.c. Volts/in.
connected Ile Pin 7.

•Cathode

White

Characteristics essentially same as 913

Dis•ontinued.
mmivolt d.c.

'In

11116P4-A
2001

0.16

0.17

-,

Green

2002

0.5

0.56

..-

--•

2005

0.14

0.16

.-

Blue

'Superseded by same type with suffix "A."
, 1011410p eaUSIN.

24-104

TABLE

XV - RECTIFIERS- RECEIVING

AND TRANSMITTING

See also Table XIII-Cont al and Regulator Tubes

TIP.>
Na.

Name

Base

S ket
Cooc
n neclions

Fit.

or

Hoo t
er

Cathode
Volts

Amp-

Max.
A.C.
Voltage
Per Plate

D.C.
Output
Current
Ma.

Max. - Peak
Inverse
Plate
Peak
Current
Voltage
Mo.

ii.„...

BA

Full-Wave Rectifier

4-pin M.

4J

Cold

-

-

350

350

Tube drop 80 v.

G

BH

Full-Wove Rectifier

4-pin M.

4J

Cold

-

----

350

125

Tube drop 90 v.

G

BR

Half-Wave Rectifier

4-pin M.

4H

Cold

-

--

300

50

Tube drop 60 v.

CE220

Half-Wave Rectifier

4-pin M.

4P

Fil.

20

20000

100

HV

0Y4

Half-Wave Rectifier

5-pin O.

48U

Cold

nnect Pins
Co 7 and 8

95

024

Full-Wave Rectifier

5-pin O.

4R

Cold

-

---

350

1

Half-Wave Rectifier

4-pin S.

4G

Htr.

6.3

0.3

350

SO

1-V

Half-Wave Rectifier

4-pin S.

4G

Kb.

6.3

0.3

350

50

1V2

Half-Wave Rectifier

9-pin B.

9U

Fil.

.625

0.3

.--

0.5

6-pin O.

3C

Fil.

1.25

0.2

-

2.0
6
1

1113GT/8016 Half-Wave Rectifier

2.3

1848

Half-Wave Rectifier

7-pin B.

--

Cold

1X2

Half-Wave Rectifier

9-pin B.

9Y

Fn.

3.0

-

800

--•

1.25

0.2

-

75
30-75

1.1

300

500

G

1250

200

G

1000

400

HV

7500

10

liti

4000

17

HV

2700

SO

13000

10

G
HV

20000

11

HV

20000

10

14V

Half-Wave Rectifier

9-pin B.

9Y

Fil.

1.25

0.2

--

122

Half-Wave Rectifier

7-pin B.

7CB

Fil.

1.5

0.3

7800

2825

Half-Wave Rectifier

7-pin B.

31

Fil.

1.4

0.11

1000

1.5

2V3G

Half-Wove Rectifier

6-pin O.

4Y

Fil.

2.5

5.0

-

2.0

2W3

Half-Wave Rectifier

5-pin O.

4X

Fil.

2.5

1.5

2X2/879 1. Half-Wave Rectifier

4-pin 5.

4A8

2X2-A

Half-Wave Rectifier

4-pin S.

4AB

2Y2

Half-Wave Rectifier

4-pin M.

4A8

222/G84

Half-Wave Rectifier

4-pin M.

4B

7.5
4500
1.75
2.5
litr.
Some as 2X2/879 but will withstand severe shock & vibration
4400
1.75
5.0
Fil.
2.5
•-•
350
50
-.
1.5
2.5
Fil.

3824

Half-Wave Rectifier

4-pin M.

T-4A

Fil.

5.0
2.5 s

3.0
3.0

--.
-

3825

Half-Wave Rectifier

4-pin M.

4P

Fil.

2.5

5.0

3826

Half-Wave Rectifier

8-pin O.

Htr.

2.5

4.75

DR-3827

Half-Wave Rectifier

4-pin M.

4P

Fil.

2.5

5.0

3828

Half-Wave Rectifier

4-pin-M

4P

Fil.

t5

5.0

Fig. 31

350

-

55

MV

----

-

1X2A

2

G

9

---

HIV

12

HV

•-.

HV
Hy

16500

HV
HV
NV

60
30

20000
20000

300
150

-

500

4500

2000

G

-

20

15000

8000

NV

3000

250

8500

1000

HV

1700

500

5000

moo

250

10000

1000

175

1400

525

HV

350'
500 7

HV

G

SAX4GT

Full-Wave Rectifier

5-pin O.

ST

Fil.

5

2.5

SAZ4

Full-Wave Rectifier

5-pin O.

ST

Fil.

5.0

2.0

5R4GY

Full-Wove Rectifier . 5-pin O.

ST

Fil.

5.0

2.0

900 1
950 7

514

Full-Wave Rectifier

5-pin O.

5T

Fil.

5.0

3.0

450

SU4G

Full-Wave Rectifier

8-pin O.

ST

Fil.

5.0

3.0

5V4G

Full-Wove Rectifier

8-pin O.

SL

Fitr.

5.0

2.0

SW4

Full-Wove Rectifier

5-pin O.

ST

Fil.

5.0

1.5

350

110

5X3

Full-Wave Rectifier

4-pin M.

4C

Fil.

5.0

2.0

1275

30

SX4G

Full-Wave Rectifier

8-pin 0.

5Q

Fil.

5.0

3.0

Same as 323

HV

57Y3G

Full-Wave Rectifier

5-pin O.

ST

Fil.

5.0

2.0

Same as Type 80

HV

SY4G

Full-Wave Rectifier

8-pin O.

50

Fil.

5.0

2.0

Same os Type 80

523

Full-Wave Rectifier

4-pin M.

4C

Fil.

5.0

3.0

500

250

1400

•-•-•

524

Full-Wave Rectifier

5-pin O.

SI.

Htr.

3.0

2.0

400

125

1100

...

HV

6AX4GT

Damper Diode

6-pin O.

4CG

Htr.

6.3

1.2

---•

125

4000

600

HV

6AX5GT

Full-Wove Rectifier

6-pin O.

65

Ht,.

6.3

1.2

450

125

1250

375

HV

6AX6G

Full-Wove Rectifie-r
- T 7-pin 0.

70

Ht,.

6.3

2.5

350

250

1250

600

HV

6BY5G

Full-Wove Rectifier

7-pin O.

604

Ht,.

6.3

1.6

375 4

175

1400

525

KV

6U4GT

Half-Wave Rectifier

3-pin O.

4CG

Htr.

6.3

1.2

--•

138

660

KV

6V4

Full-Wave Rectifier
Damper Service

9-pin B.

9M

Ht,.

6.3

0.6

90

..--

HV

6 pin O.

4CG

Mir.

6.3

1.2

350
-

12S

2000

600

350

125

1250

600

Full-Wave Rectifier

6-pin O.

65

ihr.

6.3

0.9

350

100

1250

350

HV

210

HV

.....-.•

KV

6W4GT
6W5G

Half-Wave Rectifier

HV

Same as Type 80
150 4
173 7

2800

650

HV

250

1250

800

HV
KV

Same as Type 523
Some as Type 83V

HV

I 1000

-

HV

I -.•

--•

HV

1375
-

1250

NV
HV

HV

6X4

Full-Wave Rectifier

7-pin B.

7CF

litr.

6.3

0.6

323

70

6X5

Full-Wave Rectifier

6-pin O.

65

Kir.

6.3

0.5

350

75

6Y3G

Half-Wave Rectifier

5-pin O.

4AC

Htr.

6.3

0.7

5000

7.5

HV

6Y5 is

Full-Wave Rectifier

6-pin S.

6J

Htr.

6.3

0.8

350

50

HV

6Z3

Half-Wave Rectifier

4-pin M.

4G

Fil.

6.3

0.3

350

50

.•-•.

Full-Wove Rectifier

6-pin S.

6K

Mr.

6.3

0.6

230

60

-..,

•-•

6ZY5G

Full-Wave Rectifier

6-pin 0.

65

Mr.

6.3

0.3

350

33

1000

150

HV

7Y4

Full-Wove Rectifier

8-pin L.

SAB

litr.

6.3

0.5

350

60

-..-

NV

7Z4

Full-Wave Rectifier

8-pin L.

5A11

Htr.

6.3

0.9

450 t
325 4

12A7

Rectifier-Pentode

7-pin S.

7K

litr.

12.6

0.3

125

30

--•

625

1,

100

••••••

1250

HV

300
-•

NV

14V
KV

12AX4GT

Damper Diode

6-pin O.

4CG

Htr.

12.6

0.6

--•

123

4000

600

NV

l2Z3

Half-Wave Rectifier

4-pin S.

4G

Ht.

12.6

0.3

250

60

•-•-•

.-

KV

1225

Voltage Doubler

7-pin M.

7L

Mr.

12.6

0.3

225

60

14Y4

Full-Wave Rectifier

8-pin L.

SAE

Mr.

12.6

0.3

450 I
32S 4

70

1250

1423

Half-Wave Rectifier

4-pin S.

4G

Ilk.

12.6

0.3

250

60

-...

25A7G is

Rectifier-Pentode

8-pin O.

8F

Ht,.

25

0.3

123

73

25W4GT

Half-Wave Rectifier

6-pin O.

4CG

Ht.

25

0.3

350

125

V38

1250

.-

KV

210

HV

-......

NV

-•-•

HIV

600

NV

TABLE XV - RECTIFIERS-RECEIVING

AND TRANSMITTING - Continued

See also Table XIII - Control and Regulator Tubes
Type
No.

Name

Base

Sockel
Connoctiens

Max.
D.C.
A.C.
Output
Voltage Current
Per Plate
Ma.

Max.
Inverse
Peak
Voltage

Peak
Plate
Current
Ma.

Type

•-•-•

KV

Volts

Amp-

Htr.

25

0.15

125

60

Htr.

25

0.15

125

75

••••••

-.......

6E

NV

Htr.

25

0.3

250

85

-.

-

NV

25X6GT

Voltage Doubler

7-pin O.

70

25Y4GT

Half-Wave Rectifier

6-pin O.

SAA

25Y5

Voltage Doubler
Half .Wave Rectifier

6-pin S.

25Z3

10

Fig. or Hoo t
er
Cathode

-...

4-pin S.

4G

25Z4

Htr.

25

Half-Wave Rectifier

0.3

250

6-pin O.

50

-.-

-

5AA

KV

25Z5

Fig.

Rectifier-Doubler

25

0.3

125

125

6-pin S.

-

-

HV

6E

Htr.

25

0.3

125

100

-..

26Z5W

Full-Wave Rectifier

9-pin B.

9115

Her.

26.5

0.2

25Z6

Rectifier-Doubler

325 4
450 7

7-pin O.

100
100

70

litr.

0.3

125

100

'25

1250

100 __.

28Z5

Full-Wave Rectifier

8-pin L.

5A8

Nt,.

28

0.24

Rectifier-Tetrode

8-pin O.

8Z

35W4

Htr.

32.5

Half-Wave Rectifier

0.3

125

60

7-pin B.

511Q

Htr.

35

7

0.15

125

100

35Y4

Half-Wave Rectifier

8-pin O.

SAL

Htr.

35

7

0.15

235

35Z3

Half-Wave Rectifier

8-pin L.

4Z

35Z4GT

Htr.

35

Half-Wave Rectifier

0.15

6-pin O.

250

5AA

Ht,.

35

0.15

250

100

35Z5G

Half-Wave Rectifier

6-pin O.

6AD

Htr.

35

0.15

125

103 e

35Z6G

Voltage Doubler

6-pin O.

70

Htr

35

0.3

125

110

4

HV
_

500

HV

300

HV

--.

HV

330

600

Flif

60
1007

700

600

HV

100

700

600

HV

600

HV

--8

60

40Z5GT

Half-Wave Rectifier

6-pin O.

6AD

HI,.

40

0.15

125

100

45Z3

Half-Wave Rectifier

7-pin B.

SAM

Htr.

45

0.075

117

65

7

HV

300

-

32L7GT

8

SOO

60 .

700
--.

--.•

HV

500

HV

--.

•-••-•

HV

390

NV

350

45Z5GT

Half-Wave Rectifier

6-pin O.

6AD

Ht,.

45 7

0.15

125

SOAX6G

Full-Wave Rectifier

7-pin O.

60
100 7

7C1

50X6

Htr.

SO

0.3

Voltage Doubler

350

8-pin L.

250

50Y6GT

7AJ

Ht,.

Full-Wave Rectifier

50

0.15

7-pin O.

117

7Q

75

50V/ Gr

litr.

Voltage Doubler

50

0.15

8-pin L.

125

8AN

85

50Z6G

Htr.

50 7

Voltage Doubler

0.15

117

7-pin 0.

65

70

5027G 10

Htr.

Voltage Doubler

50

0.3

8-pin O.

125

BAN

150

70A7GT

Htr.

Rectifier-Tetrode

50

0.15

8-pin O.

117

65

70L7GT

8AB

Htr.

Rectifier-Tetrode

70

0.15

8-pin O.

125

72

8AA

Mr.

Half-Wave Rectifier

70

0.15

4-pin M.

117

70

4P

73

Fil.

Half-Wave Rectifier

2.5

3.0

-,

8-pin O.

30

20000

4Y

Fil.

2.5

4.5

-

20

13000

3000

NV

80

Full-Wave Rectifier

4-pin M.

4C

Fil.

SA

2.0

350 4
500 7

125
125

1400

375

HV

-»-

HV

...--

HV

600

KV

700

450

KV

.-...

HV

-

-

KV

-

--

NV

.--

HV

350

HV

150

HV

700

60

7

.»-.

1250

HV

-

Cl

Half-Wave Rectifier

4-pin M.

48

82

Fil.

7.5

Full-Wove Rectifier

1.25

4-pin M.

700

4C

85

83

Fil.

2.5

Full-Wove Rectifier

3.0

500

4-pin M.

125

1400

Fil.

MV

83-V

4C

400

5.0

Full-Wave Rectifier

3.0

4-pin M.

500

250

4AD

1400

800

84/6Z4

Kir.

MV

5.0

2.0

Full-Wave Rectifier

400

5-pin S.

200

5D

1100

Kir.

-

117L7GT/
•
117M7GT

6.3

0.5

350

60

1000

---.

KV

Rec tifier'44
T h. ° d•

8-pin O.

8010

Htr.

117

0.09

117

75

•-..

NV

117N7GT

Rectifier-Tetrode

8-pin O.

8AV

117P7GT

Ilk.

117

0.09

Rectifler-Tetrode

117

8-pin O.

75

350

8AV

450

KV

117Z3

Htr.

117

0.09

Half-Wave !teener

117

7-pin B.

75

350

4BR

450

NV

Htr.

117Z4GT

117

0.04

Half-Wave Rectifier

117

6-pin O.

90

330

-..-

5AA

HV

117Z6GT

Htr.

117

Voltage Doubler

0.04

117

7-pin 0,

90

330

-•

HV

217-A

70

Ht,.

117

0.075

235

Half-Wave Rectifier

60

4-pin J.

700

4AT

360

KV

Fil.

10

..-.

3500

600

HV

10

-

7500

600

KV

I°

3.25

..-

3.25

...-

217-C

Half-Wave Rectifier

4-pin J.

4AT

Z225

Fil.

Half-Wave Rectifier

4-pin M.

4P

249-8

Fil.

2.5

5.0

Half-Wove Rectifier

4-pin M.

Flg. 53

HK253

Fil.

2.5

7.5

Half-Wave Rectifier

4-pin J.

4AT

Fil.

5.0

705A
RK-705A

Half-Wave Rectifier

4-pin W.

T-3AA

Fil.

2.5 8
5.0

-•-•-•

KV

250

10000

1000

MV

3180

375

10000

1500

MV

-.

350

10000

1500

KV

5.0
5.0

-...

50
100

35000
35000

375
750

HV

2200

10

816

Half-Wave Rectifier

4-pin S.

4P

Fil.

836

2.5

2.0

Half-Wave Rectifier

4-pin M.

4P

Htr.

866A/866

2.5

5.0

Half-Wove Rectifier

125

7500

300

MV

-•••-»

5000

1000

HV

250

10000

1000

MV

........

8500

1000

MV

4-pin M.

4P

Fil.

8668

2.5

5.0

Hall-Wave Rectifier

3500

4-pin M.

4P

Fil.

866 Jr.

5.0

5.0

-..-

Half-Wave Rectifier

4-pin M.

48

Fil.

2.5

HY866 Jr.

2.5

1250

Half-Wave Rectifier

250 7

4-pin M.

-•-•

-

4P

MV

Fil.

2.5

RK866

2.5

Half-Wave Rectifier

1750

250 7

5000

4-pin M.

--..

MV

41'

Fil.

2.5

5.0

3500

250

10000

1000

MV

250

5000

500

MV

5

871

Half-Wave Rectifier

4-pin M.

4P

Fil.

878

2.5

2.0

1750

Half-Wave Rectifier

10

4-pin M.

4P

Fil.

879

2.5

5.0

Half-Wave Rectifier

7100

20000

4-pin S.

--.-

KV

4P

Fil.

872A/872

2.5

1.75

Half-Wave Rectifier

2650

7.3

7500

100

HV

4-pin J.

4AT

975A
575A

Fil.

5.0

7.5

-.--

1230

10000

5000

MV

Half-Wave Rectifier

4-pin J.

4AT

Fil.

3.0

10.0

1300

15000

6000

MV

OZ4A/
1003

Full-Wave Rectifier

5-pin O.

4R

Cold

110

880

-•

G

1005/
CK1005

Full-Wave Rectifier

8-pin O.

SAQ

Fil.

6.3

0.1

70

450

210

G

1006/
CKI 00 6

Full-Wave Rectifier

4-pin M.

4C

Fil.

1.75

2.25

200

1600

•-.-

V39

G

TABLE XV - RECTIFIERS- RECEIVING

AND TRANSMITTING- Continued

See also Table XIII - Control and Regulator Tubes

T YPO

No.

Norne

Base

Socket
Connec-

Fil . or Hooter
Cathode
Volts

Amp.

Max.
A.C.
Voltage
V
Per Plate

1.2

D.C.
Output
Current
Ma.
110

980

350

1000

noose

Full-Wave Rectifier

8-pin Q.

T-9G

Fil.

CK1009/BA

4-pin M.

-

Cold

1274

Full-Wave Rectifier
Full-Wave Rectifier

6-pin O.

65

Ht,.

6.3

1275

Full-Wave Rectifier

4-pin M.

4C

Fil.

5.0

1616

Half-Wave Rectifier

4-pin M.

4P

Fil.

2.5

5.0

4-pin M.

T-4AG

Fil.

5.0

3.0

7.13In B.

2Z

Fil.

1.4

0.05

2500

1

1641/
RK60

Full-Wave Rectifier

1.0

-

...-

Max.
Inverse
Peak
Voltage

Peak
Plate
Current
Ma.

"
Type
T

--

G

-

G

0.6

Same as 7Y4

NV

1.75

Same as 5Z3

NV

--•

130
50
250

6000

800

4500
2500

•-•

7000

6

NV
NV
NV

1654

Half-Wave Rectifier

5517

Half-Wave Rectifier

7-pin B.

SBU

Cold

--

1200

6

-

50

5825

Half-Wave Rectifier

4-pin M.

4P

Fil.

1.6

1.25

2

60000

40

NV

8008

Half-Wave Rectifier

4-pin

Fil.

5.0

7.5

..-•
-

1250

10000

5000

MV

8013A

Half-Wave Rectifier

4-pin M.

4P

Fil.

2.5

5.0

•-•

20

40000

150

NV

8016

Half-Wave Rectifier

6-pin O.

4AC

Fit.

1.25

0.2

--,-.

2.0

10000

7.5

NV

4P

5.0

5.5

10000

100

40000

8020

4-pin M.

Fil.

750

Half-Wave Rectifier

5.8

6.5

12500

RK19

Full-Wave Rectifier

4-pin M.

4AT

Nt,.

7.5

2.5

1230

100
200 ,

40000
3500

750
600

RK21

Half-Wave Rectifier

4-pin M.

4P

Htr.

2.5

4.0

1250

200 ,

3500

600

NV

RK22

Full-Wove Rectifier

4-pin M.

T-4AG

Ht,.

2.5

8.0

1250

200 ,

3500

600

NV

6

Fig. 11

-

G

NV
NV

IWith input choke of at least 20 henrys.
6 Same as 872A/872 except for heavy-duty push-type base.
-Tapped for pilot lamps.
Filament
led to pins 2and 3, plate to top cap.
'Per pair with choke input.
• Choke input.
6 Condenser input.
" Without panel lamp.
With 100 ohms min. resistance in series with plate; without
6 Using only one-half of filament.
series resistor, maximum r.m.s. plate rating is 117 volts.
" Discontinued.

V40

-

Type

958-A
387 '

interelectrode
Max.
Max.
_.
Max.
Cathode
M..ax.
Capacitances ( PA..)
Max.
PlateFreq.
Plate
Dissi•
•-•ate
Grid
Am p.
Mc.
Co!Ir
.rent
Factor
Grid
Grid
Plate
Voltage
potion
Current
F ull
to
w atts
Volts
Amp.
to
to
Ma.'
Ma.
Ratings
Fil.
Plate
Fil.
1.25
0.1
0.6
135
7
1.0
12
0.6
2.6
0.8
SOO
1.4
0.22
180
25
20
1.4
2.6
2.6
125
2.8
0.11

RK24

1.5

2.0

0.12

180

20

6J6 2

1.5

6.3

0.45

300

30

9002

1.6

6.3

0.15

250

8

955

1.6

6.3

0.15

180

8

HY1148

1.8

1.4

0.155

180

2.0

1.4
2.8

0.22
0.11

150

3A5

,

2.0

6F4

TABLE XVI - TRIODE TRANSMITTING TUBES

-

6.3

0.225

6.0

Typical Operation

Plate
Grid
Voltage Voltage

A.

580

Class-C Amp.-Oscillator

135

- 20

0.

78f

Class-C Amp. ( Telegraphy)

180

0

1.6

0.4

250

B.

7BF

Class-C Amp. ( Telegraphy)'

150

- 10

30

2.0

25

1.2

1.4

1.1

250

B.

7TM

Class-C Amp.-Oscillator

180

- 35

7

1.5

-

-

0.5

2.0

25

1.0

1.4

0.6

250

A.

SBC

Class-C Amp.-Oscillator

180

- 33

7

1.5

--..

-•

0.5

12

3.0

13

1.0

1.3

1.0

300

0.

2T

Class-C Amp-Oscillator

180

- 30

12

2.0

0.2

--,

1.4

Class-C Amp. (Telephony)

180

- 35

12

2.5

0.3

-

1.4'

30

5.0

15

0.9

3.2

1.0

40

B.

7BC

Class-C Amp.*Oscillator 2

150

- 35

30

5.0

0.2

-,

2.2

Class-C Amp-Oscillator "•'

150

- 15
550*
2000"

20

7.5

0.2

-

1.8

Class-C Amp. (Telegraphy)

180

- 45

20

4.5

0.2

-

2.7

20

4.5

0.3

-

2.5

8.0

17

2.0

1.9

0.6

SOO

A.

78R

20

4.5

9.3

2.7

5.4

2.3

60

S.

Class-C Amp. (Telephony)

180

- 45

6.0

10.5

3-2

3-2

2.5

60

S.

T-70A

Class-C Amp.-Oscillator'

250

- 60

12AU7

2.75 ,

6.3

0.3

350

12

18

1.5

1.5

0.5

54

B.

9A

Class-C Amp.-Oscillator ,

350

6N4

3.0

6.3

0.2

180

12

--.

32

3.1

2.35

0.55

500

B.

7CA

Class-C Amp.-Oscillator

1eo

6026

3.0

6.3

0.2

150

30

10

24

2.2

1.3

0.38

400

N.

-

HY6J5GTX

3.5

6.3

0.3

330

20

20

4.2

3.8

3.0

60

O.

60

2C22/7193

3.5

6.3

0.3

500

20

2.2

3.6

0.7

---

O.

4AM

Class-C Amp. (Telegraphy)

3.5

,

-

-

20

3.0

---..

--.

-.

-

2.7

2.0

0.1

500

0.

Fig. 17

Class-C Amp.-Oscillator

250

-

-.

-

1.8

1.6

1.3

54

B.

68G

Class-C Amp.-Oscillalor

300

- 27

25

7.0

3.2

4.4

3.4

0.35

-

30

0.

60

Class-C Amp.-Oscillator

5.5

250

- 70

25

5.0

0.5

-

4.0

---

1.6

1.6

2.0

-,

S.

T-70A

Class-C Amp-Oscillator'

25

1.4

2.4

0.36

1200

N.

Fig. 36

Plate-Pulsed 1000-Mc. Osc.

..--.

25

1.4

LIS

0.02

3300

N.

Fig. 36

1000-Mc. C.W. Oscillator

-

251.4

1.85

0.02

3300

N.

Fig. 36

Plato-Pulsed 3300-Mc. Ose.

0.03

2900

N.

Fig. 36

1900-Mc. C.W. Oscillator

N.

Fig. 36

Fixed Tuned Oscillator
Approximately 1680 Me.

•-•-•

500

40

350

25

8.0

12.6

0.25

250

25

8.0

230

40

0.4

350
-

12

-

25
-

s

6.3

0.135

165

30

6.3

0.8

350

30

51176

6.25

6.3

.0.135

300

25

2C40

6.3

6.3

0.75

500

25

5556

7.0

4.5

1.1

350

40

2C43

12

6.3

0.9

2C26A

10

6.3

-

-

-

5.5,

1.10

5.0

-

5675

500

18

-

6N7 ,

40
•-•••••.

2.5
-.
4.0'

- 35

0.15

0.16

...-...
-

3.5

300

0.75

6.0

-•-•

250

6.3

6.3

0.3
0.4

Class-C Amp. (Telephony)

6.3

..-

2.5
-•-o,
2.0

1.25

Class-C Amp.-Oscillator

5.0

5765

-.-•-•
20

--,

Fig. 19

5.0

5794

300

- 35

-

---

0.2

0.

GL-2C44 '
GL-464A 1

5764

20

300

6C4'

11.5

- 30

0.02

-

4.0

.-

250

1.6

20

,

Class-C Amp. (Telephony)

-

2.2

400

350

2.0

45

0.75

1500

9.5

20

T-BAG

6.3

0.4

20

- 30

0.

3.75

0.4

1300• •

330

300

20

6.3

135

Class-C Amp.-Oscillator

1.2

300

6.3

Class-C Oscillator-400 Mc.

1.6

0.175

8

1.3
.--

20

2.3

35

--

--

36

2.5

-

36

5.0

,

10
-.-

,

8.3
48
16.3

2.1 _
1.3

-

-

- 60

150
1000

0

,

3000 **
0

,

180

40

••-•
-

IS

3.6

•-•

-,

0.5

-

••••••-

..-....

2003

o-oo.•

•-•-•

0.225

0.05

1300

,

10000"

25

-

Grounded-Grid Osc.

120

Class-C Amp. Oscillator',"

330

- 8
-100

25
60

4
10

1.4

0.035

1700

N.

Fig. 36

Grounded-Grld Oscillator

250

-

23

2.1

1.3

0.05

500

0.

Fig. 19

4.0

8.3

3.0

6

M.

40

1250

0.

Fog. 19

250

O.

4BB

2.8

1.1

7
200 ,

85/108

Fig. 36

2.6

.-.

1.0

88

0.05

-

2

-

o--

14.5

3

-----

-.-

0.75

Frequency Multiplier

300

- 70

17.3

7

-

-

Class-C Amp.-Oseillotor

2.0

250

-

20

0.3

-

-

0.075

Class-C Amp. ( Telegraphy)

350

- 80

33

2

0.25

-

6

Class-C Amp. (Telephony)

300

-100

30

2

0.3

-

4

Class-C Amp.-Oscillator

470

-

38

S

2

-.

N.

1.7

3.5
......-,

•-•-•

0.

2.9

•-•-•
-.

12

10

r

0.8
-

900 ,

--

-

0.09_ 3000

250
1000

2

20
6.0
0.54
3.5
-100
24
7
-6.0
------

1.4

6.3

5

16

20

3.5

1500 à -

40

6.0

Class-C Amp.-Osci
llator

GL-446A '
GL-4468 ,

5
5

,

4.0

HY615
HY-E1148

2C37
5766
5767

3.5

2.2

20

0.6

--.

32

16

250

0.4

2.0

0.35

16.3

180

6.3

-

- 45

0.13

6.3

2.8

0.3

180

0.12

5

0.6

-

Class-C Amp.-Oscillator

2.0

5.0

0.035

4D

2.0

2C36

-

--

S.

2.0

5.0

1.0
--•

Approx.
Output
Power
Watts

125

2.5

1626

Class 8
Grid
P-to-P
Drivina
- Load Res.
Power
Ohms
Watts

3.0

HY24

2C21 /
RK33 2

7
25

Ape" '

5.5

RK33 2o2
2

DC
Plate
• •
Grid
Current
Current
Ma.
'
Ma.

3.3

20

150

8.0

Sachet
Base C
Hens

7

-

-

97

TABLE XVI - TRIODE TRANSMITTING TUBES- Continued

--

Type

2C34/
RK34 ,
2050
2C25
10Y

Max.
Plate
Dissipotion
W an.

Volts

Amp.

10

6.3

0.8

14
15
15

Cat ho de

4.5
7.0
7.5

1.6
1.18
1.25

Max.
DC
Moe.
Max.
Plat "
drid
Plate
C'R'o
n
t
Currnt
e
Voltage
Ma'
Ma.
300
400
450
450

80
50
60
63

20
10
15
15
7.5

843

15

2.5

2.5

450

40

Mr

15

6.3

1.0

SOO

90

23

111.75A

15

6.3

2.6

450

90

25

NY75

15

6.3

2.5

450

80

20

1602,

15

7.5

1.25

450

60

15

841

15

7.5

1.25

450

60

20

Interelecfrode
,s
Capacitances (µ0..1
Am p.

Factor

13
7.2
8.0
8
7,7
25
9.6
10

8.0

30

10 ,
RK10 ,

15

RK100 1

13

6.3

0.9

150

250

100

40

TUF20

20

6.3

2.75

750

75

20

10

1608

20

7.5

2.5

1.25

2.5

450

425

65

95

15

25

8.0

20

Grid
to
FIL

Grid
to
Plate

Plate
to
Fil.

3.4

2.4

0.5

5.2
6.0
4.1

Base

230

M.

6

M.

40

8.9

3.0

-•

M.

40

3.0

8

M.

4D

M.

SA

M.

T-40

4.0

4.5

4.0

5.0

9.0

1.0

•-•••••

2.6

1.0

1.8

3.8

1.0

4.0

7.0

3.0

4.0

3.0

23
1.8
8.5

7.0

8.0

19
3.6
9.0

3.0

4.0

173
60

6

6
.-.
60

3.0

45

4.0

7.0

2.
2

6

«
iO3- A

20

1.2

4/4.3

350

75

12

8

0.9

1.1

0.6

801-A/801

20

7.5

1.25

600

70

15

8.0

4.5

6.0

1.5

720

20

TZ20

20

15E

20

3-25A 3

25T

25

7.5

7.5
5.5

6.3

1.75

1.75
4.2

3.0

750

750
.w.

2000

85

85
.w.

75

25

30
r-

25

20

62
25

24

4.9

5.3
1.4

2.7

6.0
5.1

5.0
1.13

1.5

40

2T

8.0

4.5

M.

40

0.

15

8.0

M.

250

70

15

40

0.095

600

70

M.

T-68

1.25

600

0.

2T

M.

7.5

1.25

2T

.--

20

20

0.

3.0

310

FIY801-A

T-7DC

3.3

6

1.8

Socket
C
lions

4.8

7.0

1.5
0.7

0.6
0.3

0.3

M.

40

60

M.

Approx.
Output
Power

Watts

Ohms

Watts

Power

Class-C Amp.-Oscillator 9

300

- 36

80

20

1.8

--

16

Class-C Amp.-Oscillator

400

-112

45

10

1.3

-..-

10

Class-C Amp. (Telephony)

330

-144

33

10

1.7

-

Class-C Amp.-Oscillator

450

-100

65

13

3.2

---

7.1
19

Class-C Amp. (Telephony)

350

-100

50

12

2.2

-

12

Class-C Amp.-Oscillator

450

-100
-100

3.2
2.2

19

330

IS
12

.....-.

Class-C Amp. (Telephony)

63
50

-..

12

Class-C Amp.-Oscillator

450

-140

30

5.0

1.0

...

7.5

Class-C Amp. (Telephony)

350

-150

30

7.0

1.6

-

5.0

Class-C Amp.-Oscillator
Class-C Amp. (Telegraphy)

SOO

- 60

90

14

1.3

-.

32

450

-140

90

20

5.2

-.-

26

Class-C Amp. (Telephony)

400

-140

90

20

3.2

-.-

21

ClouC Amp.-Oscillator

450

- 50

80

12

--•

-

21

Class-C Amp. (Telephony)

450

- 60

80

12

-

.---

16 '
13

Cioss-C Amp. (Telegraphy)

450

-115

55

15

3.3

-

Class-C Amp. (Telephony)

350

-135

45

15

3.5

-

Class-8 Amp. Audio

425

- SO

110

Class-C Amp. (Telegraphy)

450

- 34

50

15

1.8

-

15

Class-C Amp. (Telephony)

330

- 47

50

15

2.0

-

11

Class-C Amp. ( Telegraphy)

450

-100

63

15

3.2

Class-C Amp. (Telephony)

350

-100

50

12

2.2

Class-B Audio ?

423

- 50

55

Class-C Oscillator

110

-

80

...-•

-

Class-C Amplifier

110

-

185

40

2.1

-

12

Class-C Amp.-Oscillator

750

-130

75

20

1.5/2.5

--•-•

40

Class-C Amp. (Telegraphy)

423

- 90

95

20

3.0

--

27

Class-C Amp. (Telephony)

350

- 80

85

20

3.0

-

Class-8 Amp. Audio

425

- 15

190

,

,

9

,

260

9

130

9

8.0

,

130

,

2.3

2.5

,

8000

9

8.0
25

19
-,

2.2

,

8000

4800
--.

12
23
3.3

18
50
23

65

15
15

4.0
4.5

-•-•

18

Class-C Amplifier

330

-120

75

12

...

-.

2/2.5

Class-C Amp. (Telegraphy)

600

-150

63

15

4.0

-...

25

Class-C Amp. (Telephony)

500

-190

55

13

4.5

-.-

18

Class-B Amp. Audio

600

- 75

130

320

10000

45

Class-C Amp. (Telegraphy)

600

-200

70

15

4.0

--.-

30

Class-C Amp. (Telephony)

500

-200

60

15

4.5

-

22

Class-C Amp.(Telegraphy)

750

- 83

85

18

3.6

-

44

Class-C Amp. (Telephony)

750

-140

70

13

3.6

---

38

Class-C Amp. (Telegraphy)

730

- 40

85

28

3.75

-

44

3G

Class-C Amp. (Telephony)

750

-100

4.8

--

38

800

0

1.8 ,

12000

70

T-4AF

Class-B Amp. Audio ?
Class-C Amp. (Telegraphy)

40

N.

Class 8
P- to- P
Load Res.

SS

M.

600

Ma ' •
.

Driving

-150

60

M.

Current

-190

-

60

e

500

N.

M.

Cir

Approx.
Grid

600

1400

60

Plate

Class-C Amp. (Telephony)

40

M.

Typical Operation

Grid
Plate
Voltage Voltage

Class-C Amp. (Telegraphy)

M.

60

f
e.
,...

Max.
Freq.
Mc.
Full
Ratings

40
3G

3G

9

Class-C Amp.-Oscillator
Class-B Amp. Audio ?

70
0/136

,

23
160

9

3.0

,

Characteristics similar to 25T
2000

-130

63

18

4.0

--

100

1300

- 93

67

13

2.2

--

75

1000

- 70

72

1.3

...-

47

2000

- 80

55500

110

16/80

9
270

,

0.7

,

TABLE XVI - TRIODE TRANSMITTING
Max.
Plato
Dlssl
potion
Watts

Cathode

3-2503 ,
3C24
24G

25

6.3

3.0

3C28

25

6.3

3.0

TUBE S- Continued

interelectrode
Capacitances ( ma id .)

Amp.
Factor

Grid
to
Fil.

Grid
to
Plate

Socket

Plate
to
Fil.

Connectrans

D.C.
Plate
Plate
Grid
Grid
Voltage Voltage Current
Current
Ma.
Mo.

lypicol Operation

- 170

3C34
MI
25

RKII1

Max.
Max.
Max.
D.C.
Plate
Plate
Grid
Voltage Current Current
Ma.
Ma.

6.3 ,

2 000
75
25
MUM

105

35

;::

181111:111

'

1000 - 80
2000
- 05

7.0

•

3G

RK12
COMM

HK24

25

6.3

3.0

MUM

2000

Approx.
Outpu t
Power
Watts

17

100

MILELMIntallinintEMIMEN1
11311
1
.
, 111
11E2:2111
=1.

0.1
100
Fig. 56
Class-C Amp.-Oscillator
IWÀJIMILIAIrrrlrnrlrlEillClass-C
Amp.-Oscillator

3.0

63

Class
Load Res.
Ohms

0.9

60

1011111:111:11

60

HY25
1:1113

131 3G

750
izzl
ini

11111 3G

T

- 120
- 100

2000

-140

1500
750

- 45

ill

60

8025

- 120

600
750

- 100
-145
- 45

72
16 /8 0

15
290

75

1131111=11

47

9

IIUI:11
55500
Characteristics same as 3C24
Characteristics same as 3C24
105
21
3.2
105

35

_MUM 27
muumuu.
50

110

53
38

5.2
3.8
4.0

25

5.5

15

2.0

55
NM=

38
90
60
42
39

-135
HY30Z1
sibb CO HY31Z2
HYI281Z2

20
60

MIR

480

316A
VT- 191
809

Class-C Amp.-Oscillator

8°°
850

22

- 90

35
58

T-40

47

aiiiiaamlg,atli=01'111
T)
30

Ciass-C Amp. ( Telephony)

56
45

12

7.5

Class-C Amp. (Telegraphy)

MillIMINCIO

1623
30

6.3

2.5

1°°0

6°

75

3G
iiirmapa T.4B

5.0

orm
12.5 11
150e0

RK3O1

Class.0 Amp.-Oscillotor
liertiMM=2=i1

80

Mc.

2D
rtupbmkgeddyuaiLiatugem' Y
2D

16281

mmuummaeliGiamèàgjaMMIMI
Class-C Amp.-Oscillator
OM

1000

60

¡

15

CICEMICIO
2.7

T-4BB

01C3
0.4

113C11111113
40
CALI
80
20
40
1250

11600

1 12L1111

55
145
75
55

2309
.11ft2s1
ou 33t
12000
Affleximately 50 j
1
put
90
11231111133111111=111
80

145

IME111.11 =1111
4.0

60

83
65
50
106
35

0.35

2.7
RKI81

2.7 .
4.0

Oscillator at

800

8012
GI.-8012-A

6.5

11

22
500

20

T-488

35
60

22

3G

RK3I

20
MUM

35

31111
:11

1611

30

95
CHZI

ass

Amp. ( elep ony)

64
90
70

TABLE XVI - TRIODE TRANSMITTING TUBES- Continued
...
.
Cathode

Max *

Typo

Plate
Diu'.
patio«
W atts

Max.
.
Phhe

Volts

Amp.

Voltage

Current
me •

Intereledrode
Capacitances Wad.)

Max.
"4.• "
Curreni
Ma.

Amp.
Factor

40

8«40 ,
1

7.5

2.25

1000

125

25

25

Grid
to
Fil.

Grid
to
Plate

Plate
to
Fil.

6.1

5.6

1.0

Max.
Freq.

Mc.
Full
Ratings

60

Base

M.

Socket
ConnecHens

3G

I

HY402 ,

40

40

T40

40

TZ40

7.5

7.5

7.5

2.6

2.5

2.5

1000

1500

1500

125

150

150

30

40

45

80

25

62

6.2

4.5

4.0

6.3

4.0

5.0

0.8

0.0

0.8

60

60

60

M.

M.

M.

3G

3G

3G

Typical Operation

110

25

50

4.9

5.1

1.7

HY57

40

6.3

756

,

40

7.5

2.0

850

110

25

8.0

3.0

7.0

2.7

830 ,

40

2.15

750

110

18

8.0

4.9

9.9

2.2

10

3-50A4
50

351

3-50124
351G

5.0

8010-R

506.3

It1(32 ,

50

50

RK35 ,

50

RK37

7.5

7.5

7.5

4.0

2300

150

50

39

60
15

M.

3G

M.

4D

M.

40

.

3G

4.1

1.8

0.3

100

2.5

1.8

0.4

100

M.

2D

2.4

1350

150

20

30

2.3

1.5

0.07

350

N.

.-

3.25

1250

100

25

11

2.5

3.4

0.7

100

M.

2D

4.0

4.0

1500

1500

125

125

20

35

9.0

20

3.5

3.5

2.7

3.2

0.4

0.2

60

60

M.

M.

2D

20

..
3-50G2
UH50

UH51

,

50

50

7.5

5.0

3.25

6.5

1250

2000

125

175

25

25

50

5.
0

5.
0

3000

150

30

HK154 ,

50

5.0

6.5

1500

175

30

50

WE3"
3040

A I

50

12.6
7.5

2.5
3.25

2000
1250

104

2.2

2.2

2.6

2.3

0.3

0.3

e
60

M.

M.

2D

20

200
100

40
25

27

6.7

25
11

1.
9

1.9

0.2

4.3

5.9

1.1

4.7
2.0

4.
6

2.5

1.
0

0.7

100

60

60

100

M.

M.

M.
M.

20

20

20

20

AD OX
•Pr •
Grid
Driving
Power

Watts

Class B
P- to- P
Load Res.
Ohms

Approx.
Output
Power
Watts

Class-C Amp. ( Telegraphy)

1000

- 90

125

20

5.0

---

94

Class-C Amp. ( Telephony)

850

- 90

125

25

5.0

---

82

Gild-Modulated Amp.

1000

125

--.

--

20

Class-C Amp. (Telegraphy)

1000

- 27

125

25

5.0

-

94

850

- 30

100

30

7.0

-.-

82

60

28

Class-C Amp. ( Telephony)
Grid-Modulated Amp.

1003

---

Class-C Amp.-Oscillator

1500

-140

ISO

Class-C Amp. (Telephony)

1250

-115

115

20

Class-C Amp.-Oscillator

1500

- 90

150

38

Class-C Amp. (Telephony)

1250

-100

125

Class-B Amo. Audio

1500

- 9
- 48

250 °

,

850
•700

-

9.0
5.25
10

33

116

2.5

-•-

5.0

-

--

850

-

110

25
18

104
165
250
70

---

Class-C Amplifier

---.
----.

70

850

158

12000

17

Grid-Modulated Amp.

20

--

6.0 ,

90

110

---

7.5

285 '
15

- 45
-

Class-C Amo. (Telephony)

-.-

47
20
-..SS

7.0

--

3.0

-

15

-

200

750

-180

110

Grid-Modulated Amp.

1000

-200

50

Class-C Amp. (Telegraphy)

2000

-135

125

Class-C Amp. (Telephony)

1500
2000

-150
- 40

90
34/167

40
255

Class-C Amplifier

---

-

.-

-

Class-C Amp. (Telegraphy)

1250

-225

100

14

4.8

Class-C Amp. (Telephony)

1000

-310

100

21

8.7

70

Class-C Amp. (Telegraphy)

1500

-250

115

15

5.0

120

Class-C Amp. ( Telephony)
Grid-Modulated Amp.

1250

-250

100

14

4.6

93

1500

-180

37

2.0

Class-C Amp. (Telegraphy)

1500

-130

115

--30

Class-C Amplifier

Class-B Amp. Audio

'

2.0

'

11
4.0

'

-....
27500

105
235
-.

-

90

25

7.0

...-

122

23

5.6

--

90

-

2.4

--

7.5

1250

-150

100

Grid-Modulated Amp.

1500

- 50

50

Class-C Amp. (Telegraphy)

1250

-225

125

20

1250

-325

125

20

Class-C Amp. ( Telephony)

13

45

Class-C Amp. ( Telephony)

26

..--

115

10

•-.-

115

Grid-Modulated Amp.

1250

-200

60

25

2000

-500

150

20

3.0
15

•-•-

Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)

---

225

1500
1500

-400

165

20

15

85

..-

200

-400

3000

-290

100

-

250

250
- 85

100
20/150

Grid-Modulated Amp.
Class-C Amp. (Telegraphy)

111(54

HK158

10.6

D.C.
Grid
Curren
'

Class-C Amp. (Telegraphy)
850

2.25

Plate
Grid
Plate
Current
.._
Voltage Voltage

Class-C Amp. ( Telephony)
Class-B Amp. Audio

2500
2500

-

2.0

2.0
25

10

20

Class-C Amp. ( Telegraphy)

1500

-590

167

360
20

Class-C Amp. (Telephony)

1250

-460

170

20

Grid-Modulated Amp.

1500

-450

52

Class-C Amp.-Oscillator

2000

-150

125

8.0

,

65

8 .0

,-

210

5.0

40000

275

15

-

200
162

12

-.

5.0

-..-

25

6.0

-

200

5.0

Class-C Amp. Telephony)

2000

-140

105

25

Ciass-C Amp. (Telegraphy)

1250

-200

100

-

Class-C Amp. (Telephony)

1000

-180

100

-

-.-•-•
-

28

-.-

170

.--

85

--.-

65

TABLE XVI - TRIODE TRANSMITTING TUBES- Continued
ca th e d,

Max.

Type

356A

808

Volts

Amp.

50

5.0

5.0

50

834
841A

Plate
Dissipotion
w ets

30

7.3

7.3

50

10

8415w

30

10

T55

55

1

811

812

RK51

RK52

35

33

60

60

T-60

60

826

33

830B
9308

60

74

6.3

6.3

7.3

7.5
10
7.3

10

4.0

3.1

Max•
Max.
Plate
Plate
Current
Voltage
u _
"'"'
1500

1500

1250

120

130

t
t .aC
x..

Grid
Current
Ma.
35

33

Amp.
Factor

50

47

30

2.5

9.0

---

--.

M.

30

3.9

1.2

60

M.

3G

30

14.6

150

40

20

150

130

150

130

50

35

40

30

160

29

20

170

5.0

5.5

5.3

6.0

6.6

5.5

5.3

6.0

12

0.6

0.8

2.5

2.2

100
-

60

60

60

60

2.5

1600

150

50

20

5.5

5.2

2.5

60

4.0

1000

140

40

31

3.0

2.9

1.1

250

1000

20

9.0

150

2.0

M.

T-480

3.5

1500

1300

0.15

N.

14.6

1000

3.75

2.8

60

Socket
Conneclions

0.6

2.0

1500

1.0

Base

2.6

3.0

3.73

2.75

Mc.
Full
Ratings

2.2

30

1500

3.3

Plate
to
FII.

10.5

150

4.0

2.25

Grid
to
Plate

20

1230

1500

Grid
to
Fil.

Max.
Frim

100

2.0

4.0

Interelectrode
Capacitances (
mufti.)

130

30

25

5.0

11

1.8

13

M.

20

M.

3G

M.

M.

M.

M.

3G

3G

3G

3G

M.

2D

N.

780

M.

3G

Typical OperatIon

812-A

63

63

6.3

6.3

WM Ai
ITY316 I

63

7.5
10

HY512 1

63

7.3

33114

63

7.5

4.0

4.0

1500

1500

173

173

50

35

160

29

3.9

5.6

5.4

3.5

0.7

0.77

60

60

M.

M.

30

3G

'

D.C.
Current
C
'
Ma.

PPr°-o'
Class 8
Grid
P-lo-P
Drivine
- Load Res.
Power
Wan .
Ohms

A

Approx.
Output
Power
Wafts

Class-C Amp. (Telegraphy)

1500

- 60

100

Class-C Amp. (Telephony)

--

-••

--.

1250

-100

100

35

-

Class-C Amp. (Telegraphy)

--•

85

1500

-200

125

30

----•

140

-

105

18300

183

Class-C Amp. (Telephony)
Class-BAmp. Audio

9.5

1250

-223

100

1500

- 25

30/190

220

Class-C Amp. (Telegraphy)

1250

-223

90

13

Class-C Amp. (Telephony)

4.5

-

1000

-310

90

,

Class-C Amplifier

32

10.5
4.8

,

,

100

73
17.5
6.5
58
------85

Class-C Amplifier
Class-C Amp. (Telegraphy)

1500

-170

150

18

Class-C Amp. ( Telephony)

6.0

-.-

170

1500

-195

125

15

Class-C Amp. (Telegraphy)

5.0

--

1500

143

-113

150

Class-C Amp. (Telephony)

33

8.0

-

170

1230

-125

125

50

Class-B Amp. Audio

1M)0

-

20/200

150

Class-C Amp. ( Telegraphy)

1300

-175

Class-C Amp. (Telephony)
Class-8 Amp. Audio ,

1250

-125

125

25

1500

- 45

50/200

232

,

9

150

Class-C Amp. ( Telegraphy)

1500

-230

150

31

1250

-200

105

17

1300

-130

60

Class-C Amp. ( telegraphy)

1500

-120

130

Class-C Amp. ( Telephony)

1230

-120

115

Class-8 Amp. Audio

1250

,

11
,

25

Class-C Amp. (Telephony)
Grid-Modulated Amp.

,

3.0

,

40
47

-

170

----

120

18000

220

-

170

4.7

,

4.5

-

96

2.3

-

128

-

133

8.5
,

120
220

6.3

7.0

180

17600

6.0
10

0.4

0 40/300

-

7.5
9.0

,

---

102

10000

250

-

100

Class-C Amp.-Oscillator

1500

-130

150

Class-C Amp.-Oscillator

1000

- 70

130

35

Class-C Amp. (Telephony)

5.8

-

1000

90

-160

93

40

Grid-Modulated Amp.

11.5

-

1000

70

-125

65

Class-C Amp.-Oscillator

L2

-

1000

25

-110

140

30

7.0

--

800

90

-150

95

20

3.0

--

1000

20/280

Class-C Amp. (Telephony)
Class-8 Amp. Audio

811-A

Plate
Plate
Grid
Voltage Voltage Current
Ma.

50

9.5

Class-C Amp. (Telegraphy)

1500

- 35
- 70

173

270
40

Class-C Amp. (Telephony)

1250

-120

140

45

Class-B Amp. Audio

1500

- 4.5

32/313

170

,

1

,

6.0

,

10.0
445

,

7.1

7600
----

50
175
200

-

135

12400

340
190

Class-C Amp. (Telegraphy)

1300

-120

173

30

Class-C Amp. (Telephony)
Class-11 Audio 7

6.3

-

1250

-115

140

35

7.6

--

1500

130

- 48

28/310

270

5.0

13200

340

,

3,5
2.25

1000

173

25

Class-C Amp. (Telegraphy)

25

6.5

7.0

1000

1.1

- 75

60

M.

175

3G

20

7.5

Class-C Amp. ( Telephony)

-

131

1000

-67.5

130

15

Grid-Modulated Amp.

-

104

1000

-

100

-

7.3
-

Class-C Amp. (Telegraphy)

-

33

3.5

1000

175

33

1000

85

7.9

-22.5

7.2

0.9

60

175

M.

480

35

10

Class-C Amp. (Telephony)

-

131

1000

- 30

150

35

10

Grid-Modulated Amp.

-

104

1000

-

100

-

-

-

Class-C Amp. (Telegraphy)

33

1500

-106

Class-C Amp. (Telephony)

200

- 84

60
60

-

1250

175
142

Class-B Audio

1500

-4.5

350

3.0

1500

175

60

145

7.8

7.9

1.0

60

M.

480

,

88

12
10
,

6.5

1

-

135

10500

400

TABLE

Cathode

Pl ate
ato
x•
Type

UH35 i

Dissipotion

70

V70
V708

70

V70A
V70C

70

SOT

75

,

3-75A3
75TH - 3-75A2
75TL

75

Volts

Amp.

5.0

4.0

10

2.5

10
5.0

3.0

Max
Max.
Plate
Plate
Current
n..
Voltage
Ma.

1500
1500

150
140

75

10

75

10

3278

73

10.5

242A

85

10

Z8120

2840

85

10

-

J.
M.

3N
3G

-170

150

30

7.0

--

170

1500

-120

100

30

5.0

--

120

--

120

---

90

Class-C Amp. ( Telegraphy)
Class-C Amp. ( Telephony)

1303

-215

130

1250

-250

130

1000

-110

140

30

800

-150

93

20

3030

-600

100

Class-C Amp. ( Telegraphy)

2000

-200

Class-B Amp. Audio

2000

-

3000

100

30

12

2.0

2.0

0.4

-

M.

2D

Class-C Amplifier

40

20

2.7

2.3

0.3

3000

40

225

2.5
3.23
4.15

2.5

2.5

1500
2000
2000

1300

1750

2.0

1250

10.6

.....

3.25

3.23

1230

1250

160

•-

150

150

160

150

5.4

2.4

5.2

2D

0.4

1.5

30

M.

20

80

6.
1

5.
8

1.
85

30

M.

2D

30

23

5.0

4.6

2.9

30

M.

2D

12.5
60

30

30

40

....
150

28

2.6

40

120
175

12

M.

50

100

20

23

23

--.3.
35

4.0

3.5

2.0
1.5

4.5

4.5

0.7

2.6

5.3

5.2

3.2

30

3.4

2.45

0.3

12.
5

6.
5

4.8

6.0

8.3

60

30

30

1.4

90

13

75

4.
0

30

6

5.6

M.
M.

M.

M.

2D
20

20

20

J.

4E

N.

7.4AD

J.

4E

J.

45

,

Class-C Amp. (Telegraphy)

81244

6.3

4.0

1750

45

-..

5.3

5.3

0.8

30

M.

3G

-300

6.0

50

25

--

---

250

150

32

10

50 /
225

350,

150

21

50/250 533
12
158

-190

113

Class-11 Amp. Audio ,
Class-C Amp. (Telegraphy)

1600

- 75

50/248

1500
1500

- 95
9

30/305

Class-C Amp. (Telegraphy)

1500

-200

150

18

Class-C Amp. (Telephony)

1250

-250

110

21

Class-8 Amp. Audio

1750

- 62

40/270

324 9

--.

120

,

140

---

1250

7

3.0

5.0

Class-C Amp. (Telephony)

Class-8 Amp. Audio

3.0

7.
0

1600

9

225

19300

300

58

18000
-

e

-

3.5

225

350
200

2.5

-

110

9

3.0

13800

262

6.
0
12.5

--

190

,

11200

320

6.0

-

170

8.0

-

105

9.0

16000

350

8

138

--

3,

310
31

208

150

--.•

--.-

-

175
-260

150

37

12 .
7

125

32

13.2

--

1500

-200

150

18

6.0

---

170

Class-C Amp. ( Telephony)

1250

-250

110

21

8.0

--

105

Geld-Modulated Amp.

1300

-280

72

6.0

--

42

Class-8 Amp. Audio

1730

- 62

16000

350

Class-C Amp. (Telegraphy)
Class-C Amp. ( Telephony)

1500

-200

150

18

6.0

-

1250

-250

120

21

8.0

-

Class-8 Audio ,
Class-C Amp. (Telegraphy)

1750

- 62

540

---

9.0

1250

-135

160

23

5.5

16000
-,-.

Class-C Amp. (Telephony)

1000

-150

120

21

5.0

--

Grid-Modulated Amp.

1250

--

93

Class-B Amp. Audio ,
-

1500

-

Class-C Amp. (Telegraphy)

1250

-175

-•

1000

-160

130
150

--

Class-C Amp. (Telephony)

50

Class-C Amp. ( Telegraphy)

1250

-500

150

1000

-450

Class-C Oscillator-Amp.

2033

Class-C Amp.-Oscillator
Class-C Amp. ( Telephony)

2000
2000

Class-C Amp. (Telegraphy)

,

Class-Ç Amp. (Telephony)
Class-B Amp. Audio

200

200 0
2000

90

6.
0

-160
-190

Class-8 Amp. Audio ,
Class-C Amp. (Telegraphy)

,

Class-C Amp. (Telegraphy)
85

Approx.
Output
Power
Watts

1500

6.0

6.25

Class Et
P -to - P
Load Res.
Power
Ohms
Watts'

Class-C Amp. ( Telephony)

Class-C Amp. ( Telephony)

2D

Approx.
Grid
Driving

Class-C Amp. ( Telegraphy)

Ciass-C Amp. ( Telegraphy)

160

UE-100

2.3

3G

3G

1600

10

9.0

M.

3N

2.5

75

5.0

60

J.
M.

10

7.5

0.2

-...

75

75

16

2.0

23-60

10

1.4

9.5

160

75

Plate
to
Fil.

5.0

1600

10

Grid
to
Plate

Typical Operation

25

35

75

14

Grid
to
Fil.

Base

D C.
'
Grid
Current
Ma *

Plate
Grid
Plate
Current
.._
Voltage Voltage
'''''

20

2.5

T-100
HF100

25

30

Mc.
Full
Rating
s
"

Socket
Connectiens

140

10

TW75

35

Max.
F ,.(1.

1300

75

HF75

Grid
Current
Ma.

Amp.
Factor

In erelectrode
Capacitances ( enfd.)

TUBES- Continued

2.5

V-60

111H

Max.

XVI - TRIODE TRANSMITTING

actel•C Amp. (Telephony)
Class-11 Amp Audio

,

-

1.5

40/270 324

,

9 60/296

- 1""i5b - - 230
-175
1750

150
lb /200

,

8.0

9.0

8

225

198

170
105
350
145
93
45

1.5
11200

300

-•-•
---.

130

---

---

--

-

125

50

--

--

100

--.

--

11200

140

196

'

5.0

8

100

170

26

6.5

--

225

1250

-123

125

25

5.0

--

116

1500

-125

165

21

6.0

180

1250

-125

125

25

6.0

----

1500

- 46

42/200

-

-

18000

225

120

TABLE XVI - TRIODE TRANSMITTING

Type

8003

Max.
Plate
Dissipotion
Watts

85

Cathode

Amp.

10

3.25

Max.
Max •
Max.
D.C.
Plate
Plate
Grid
Current
Voltage
Current
m a"
Ma.

1500

200

45

Amp.
Factor

20

Interelectrode
Capacitances (»dd.)
Grid
to
Fil.

Grid
to
Plate

Plate
to
Fil.

6.4

5.0

1.0

Max.
Freq.

Mc.
Full
Ratings

60

Base

M.

TUBES - Continued

D.C.
Socket
Plate
Plate
Grid
Grid
ConnecTypical Operation
Current
Voltage Voltage
Current
Ma.
lions
Ma.

3G

85

7.5

3.25

1750

200

45

4.5

4.5

1.7

30

M.

RK38 ,

3-100414
100TH

100

100

100

5.0

5.0

5.0

8.0

0.0

6.3

3000

3000

3000

165

165

225

35

14

40

60

4.5

4.6

40

2.9

5.0

4.3

2.0

1.0

60

60

0.9

0.4

40

M.

1500

-130

200

32

7.5

1230

-195

190

28

9.0

•-•-•

170

Class-8 Amp. Audio

1500

- 70

40 310

310 ,

4.0

10000

300

-

225

,

M.

M.

20

20

-100

170

19

1500

- 90

165

19

3.9
3.9

1500

- 90

165

19

3.7

185

1250

- 72

12

16

2.6

122

Class-C Amp. (Telegraphy)

2000

-360

150

30

Class-C Amp. ( Telephony)

2000

-360

150

Grid-Modulated Amp.

2000

-270

72

Class-C Amp. (Telegraphy)

2000

-200

160

Grid-Modulated Amp.

2000

-150

80

Class-C Amp. ( Telegraphy)
Class-C Amp. (
Telephony)

3000

-200

165

lass-C

mp.

100

5.0

6.3

3000

225

VT127A

100

5.0

10.4

3000

-

227A

100

10.5

10.7

-

-

327A

100

10.5

50

14

2.3

2.0

0.4

15.5

2.7

2.3

0.35

40

M.

Grid-Modulated Amp.

150

N.

20

KM.=

T-411

,

RK58
HF 120
HF125
HF140
203A
303A

203H

100

5.0

7.5

3.25

4000

1250

200

175

-400
-5

3000

-185

40 215

2000

-340

210

Class-13 Amp. ( Audio) ,

,

30

6

Class-C Amp. (Telegraphy)

,

5.0 a
20

.
640
67

,

6.0
25

8

-

N.

T-4B

Oscillator at 200 Mc.

1500
-125
242
44
7.3
---------

N.

T-4AD

Oscillator at 200 Mc.

------

2N320

Class-C Amp. ( Telephony)

40

70

25

-

3.3

8.5

3.4

6.5

RAMP E.
-

11.5

1.1

10.5

50

-

J.

J.

IlkilLEMIMF
-.-

30

J.

-380
-290

-

30000
---.

430
315

3000

200

-

-

-

20
23

475

Class-8 Amp. ( Audio) ,

3000

-100

40/240

Class-C Amp. (Telegraphy)

1250

- 90

150

30

150

SO

6.0
16
-

Class-C Amp.-Oscillator

3.0
456

1500

---•

175

-

1250

-125

150

25

,

4.0
7.0

,

30000
-

60

25

25

6.5

6.5

14.5

11.5

5.5

1.5

15

15

J.

J.

4E

3N

211
311
835 ,

100

10

3.25

1250

175

50

12

6.0
6.0

14.5
9.25

5.5
5.0

15

J.

4E

242IS
3428

100

10

3.25

1250

150

50

12.5

7.0

13.6

6.0

6

J.

41

58
520
130
100
200

• •

148

Class-C Amp. (Telegraphy)
60

400

35
40

3060

51

630

-

Grid-Modulated Amp.

3N
Class-C Amp. (Telephony)
1000
-135
4MBIltell'Erierlle•171111IMIIIIIMLUZIM
--

120
135

100

31000

-

-

4000
3000

--

.

0.30

IMMIllealIMM

175

165

3000

335

400

.

0.35

10

1500

40 215

.

2.2

100

3.25

- 65

3000

•

5.5
18

2.3

10

10

3000

2.0
31

3.0

100

100

225

3.4

IMULIIMELMIalliee
3.25
175
1500
25

175

42

10

31

1°

1250

200

3.5

31

10

3.25

30

200

15

•-....

100

10

1.0

IS

-.-

100

100

- r'

Grid-Modulated Amp.

Class-C Amp. ( Telegraphy)
HK254

0'

Class-C Amp. (Tel raph )
Class-C Amp. ( Telap ony
Class-8 Amp. ( Audio)

-..

0

193

elephony

Class-8 Amp. ( Audio)
3-100A2
100TL

220

1730

30

2D

Approx.
Outpu t
Power
Watts

Class-C Amp.-Telegraphy

Class-C Amp. (Telephony)
RK36 ,

Class B
P-to-P
Load Res
Ohms

Class-C Amp. ( Telephony)

Class-C Amp. (Telegraphy)
V•70-D

PP.."'
Grid
Driving
.
rower
Watts

A

7.0

Class-C Amp. (Telephony)

1000

-135

150

Class-I3 Amp. ( Audio)

1250

- 43

26/320

Class-C Amp. (Telegraphy)

1500

-200

170

12

3.8

Class-C Amp. (Telephony)

1250

-160

167

19

5.0

Class-13 Amp. ( Audio)

1500

- 52

30 320

,

,

50
330

304

Class-C Amp. (Telegraphy)

1250

-225

150

18

Class-C Am . (Telephony)

1000

-260

150

35

Class-B Amp. ( Audio)

130

14
,

,

11

100
9000

5

5.5

260
200

,

..

11000
-

14

160
340
130
100

1250

-100

Class-C Amp. ( Telegraphy)

1250

-175

150

-

-

130

Class-C Amp. (Telephony)

1000

-160

150

50

--

100

,

20/320 410

,

8.0

,

9000

260

TABLE XVI - TRIODE TRANSMITTING TUBES- Continued
Cathode

Max '

Type

Plate
Dissi
potion
Watts

100

242C

Volts

10

Amp.

3.25

261A
361A

100

276A
376A

100

2848

100

10

3.25

295A

100

10

3.25

838
938

100

852

100

5648

le

100

10

10

10

10

6.3

3.25

3.0

3.25

3.25

1.1

Max.
Max •
DC
Max •
• •
Plate
Grid
Flab
Current
Current
Voltage
h"
"•
Ma.

1250

1250

1250

1250

1250

1230

3000

'1000

150

150

125

150

173

175

150

100

SO

50

50

100

50

70

40

50

Amp.
Fedor

12.5

12

12

5.0

25

-

Interelectrode
Copec t
(
MO
Grid
to
Fil.

Grid
to
Plate

Plate
to
Fil.

6.1

13.0

4.7

6.5

6.0

4.2

6.5

6.5

12

100

1.9

8.75

9.0

9.0

7.4

14.5

8.0

2.6

1.95

4.0

Max.pprox.
DC
D.
C.
Grid
Plate
Freq.
Socket
Grid
Plate
Grid
Driving
Current
Typical Operation
Mc.
Base ConnerVoltage Voltage
Current p
M o.
P ower
Fu I1
lions
Ma '
o'
Watts
Ratings

6

30

30

4.0

5.3

5.5

5.0

1.0

0.035

---

-

J.

J.

J.

J.

J.

30

30

2500

J.

M.

4E

4E

4E

3N

4E

4E

20

N.

Class-C Amp. (Telegraphy)

1250

-175

150

-

--•

•-•-•

Class-C Amp. (Telephony)

1000

-160

150

SO

-

-

Class-B Amp. ( Audio)

1250

- 80

25/150

,

100

3X100All
2C39

100

21:39A

100

311-CH

125

10

6.3
6.3

10

3.25

1.1
1.0

3.25

1500

1000

1750

3022

125

6.3

2.0

1000

123

3

7.5

4000

F-123-A
DR-123C

125

10

4.0

2000

125

10

3.25

60
80

1000

4C36

RIL57/805

250

1500

200
150
300

210

50

40
50

50

12

100
100

12

5.8

6.5
6.5

5.5

11.7

1.95
1.95

8.0

3.4

0.03
.035

4.5

70

40

4.9

2.4

0.05

--.-

29

3.2

3.0

0.4

14.5

6.5

8.5

3.3

75

70

-

6.5

8.0

5.0

30

500
500

30
500
60
-

30

J.

N.
N.

J.

3N

-.

Fig. 57

25

-

,

Approx.
Output
Pow.,

Waits
130
100

7600

200
100

Class-C Amp. (Telegraphy)

1250

-175

125

-.-.

--.

-

Class-C Amp. (Telephony)

1000

-160

150

50

-

-•,--.

100

Class-B Amp. ( Audio)

1250

- 90

20/150

---•

25

7200

200
100

,

4

Class-C Amp. (Telegraphy)

1250

-175

125

-

-

.-

Class-C Amp. (Telephony)

1000

-160

125

51>

--.

-

Class-B Amp. (Audio)

1250

- 90

20/125

Class-C Amp. (Telegraphy)

1250

-500

150

---.

Class-C Amp. (Telephony)

1000

-430

150

50

Class-B Amp. ( Audio) ,

1250

-245

15/150

,

85 •

9000

175

-•

-

125

-

-.--

100

.---

10. ,

7200

200
125

-

25

,

Class-C Amp. (Telegraphy)

1250

-125

150

-.

-,-.

--•••

Class-C Amp. (Telephony)

1000

-125

150

50

-

-•-•

100

Class-B Amp. ( Audio)

1250

- 40

12/160

20 ,

9000

250

Class-C Amp. (Telegraphy)

1250

- 90

150

30

-

130

Class-C Amp. (Telephony)

1000

-135

150

60

Class-B Amp. ( Audio)

1250

Class-C Amp. (Telegraphy)

3000

-600

85

15

12

Class-C Amp. (Telephony)

2000

-500

67

30

23

Class-II Amp. ( Audio) ,

3000

-250

Class-C Amp. (Telegraphy)

1000

- 50

50

18

Class-C Amp. (Telephony)

600

- 25

55

22

1350

-180

245

35

200

40

e

Class-C Amp.-Oscillator
8003

Class 8
P-to-P
Load Res.
Ohms

6.0

Class-C Amp. (Telephony)

1100

-260

1350

-100

14/160

-

100

9000

260

--

165

10250

320

4

•-•

30

6

--

20

11 '

--

250

15

--

167

10.5 e

6000

460

16

0 148/320 200

Class-B Amp. ( Audio)

e

-,

780

,

40/490 480

,

9

7.5

,

75

3.5

le

600

- 35

60

40

5.0

•-•-•

20

Class-C Amplifier

800

- 20

80

32

6

-.

27

Class-C Amp. (Telephony)

600

- 16

75

40

6

-

Class-C Amp. (Telegraphy)

1750

-200

200

20

4.5

--

Class-C Amp. (Telephony)

1250

-200

166

---

Class-B ( Audio)

1300

-110

400

"Grid Isolation" Circuit

e

,

18
260
148

8

3.5

--.

--

70
..-.

--.
18

---.

65

-..-

480

8200

400

0.

Fig. 30

Class-C Amp.-Oscillator

J.

Fig. 56

Class-C Amp-Oscillator

1000
-...

-200
....-•

ISO
-.

Class-C Amp. (Telegraphy)

1500

-250

250

30

11

--•

300

J.

Fig. 26

Class-C Amp. (Telephony)

1500

-290

160

25

10

-

200

Class-B Amp. (Audio) ,

2000

-130

30/175

Class-C Amp. (Telegraphy)

1500

-105

200

40

Class-C Amp. (Telephony)

1250

-160

160

60

Class-B Amp. ( Audio)

1300

- 16

84/400

280

Class-C Amp. (Telegraphy)

2500

-200

240

31

11

Class-C Amp. (Telephony)

2000

-215

200

28

10

J.

3N

e

217

e

3.4

8

8.5
16
,

7.0

e

13800

522

-.

215

-.-

140

8200

370
475

25

6.3

6.0

1.3

60

J.

2N

.--

12.5

5.5

9.0

3.5

20

J.

-

Class-C Amp.-Oscillator

1250

-250

200

10

3.5

--

170

210

-.--

12.5

3.5

7.2

1.9

30

J.

--.

Class-C Amp.-Oscillator

1500

-300

200

10

4

---.

220

250

-•

18

4.8

6.3

2.7

25

J.

T-3AC

Class-C Amp- Oscillator

2000

-250

200

23

9

1125

125

10

4.5

2500

250

60

HMO

125

10

3.25

1250

210

HFISO

125

10

3.25

1500

11F175

125

10

4.0

2000

•-•-•

320

5-20

TABLE XVI - TRIODE TRANSMITTING TUBES - Continued

w.

Type

G1.146

Max.
Plate
Dissipotion
W atts

125

Cathode

Volts

10

GL152

125

10

803

125

10

AX99°° /

5866"

135

6.3

3X150A3
3C37

150

6.3

150T 1

150

5.0

3-150A3
152 TH
3-150A2
152TL
TW150
HK252-1.

150

150
150

Amp.

3.25

3.25

3.25

5.4

2.5
10

Max.

M ax
Max.
Plate
Amp.
Plate
Grid
Cumrren t
Factor
Voltage
Current
a*
Ma.

1500

1500

1500

2500

5/10

4.1
13/6.5

200

210

200

1000

---.

3000

200

12.51
5/10 .--6723- 3000

10

200

3000
3000

450

200
SOO

DR200
HF 200
HV18

130

HD203A

150

10

4.0

2000

250

HF250

150

10.3

4.0

2500

200

10-11

3.4

2500

200

60

60

70

40

50

73

25

40/60

23

Grid
to
Fil.

Grid
to
Plate

7.2

9.2

7.0

8.5

5.8

8.8

6.5

5.3

Max.
Freq.
Socket
Plate
Grid
M c.
Base ConnecTypical Operation
PlateYellow> Voltage
Full
ti ens
li
to
Ratings
Fil.

3.9

0.1

4.2

3.5

0.6

13

3.0

3.5

0.5

20

5.
7

4.
5

0.
8

73

12

4.5

4.4

0.7

75

50
60
-

10

18

3.9
7.0

5.2

25

-..-

18

-•

2.0
5.0

58
12
5.8

15

10.5

23

35

15

4.0

85

60

0.8
0.4

1.2

30

150

500
-

J.

J.

J.

N.

N.
J.

T-48G

T-4BG

3N

Fin. 3

2N
4BC

40

J.
4BC

-.125

20

J.
N.

J.

2N
4BC

2N

-

15

J.

3N

-.

20

J.

2N

150

HK354D

150

5.0

10

4000

300

55

22

4.5

38

1.1

30

J.

2N

HK354E

150

5.0

10

4000

300

60

35

4.5

3.8

1.1

30

J.

2N

HK354F

150

5.0

10

4000

300

75

50

4.5

3.0

1.1

30

J.

2N

UE-468

150

2500

200

10

4000

300

50

14

4.5

3.8

1.1

30

J.

2N

810
1627 t

175

10
5.0

4.05

60

18

8.8

7.0

1.25

30

J.

Fig. 57

2500

300

75

36

8.7

4.0

12

30

J.

2N

ower

Class B
P-to-P
Load Res.
Ohms

Approx.
Output
Power
Walls

1250

-150

180

30

-

-

1000

-200

160

40

-

-

100

Class-B Amp. ( Audio)

1250

0

-

----

8400

Class-C Amp.-Oscillator

250

1250

-150

180

30

-

-

Class-C Amp. ( Telephony)

150

1000

-200

160

30

---.

Class-B Amp. ( Audio)

---

100

-

8400

250

-

215

7

34/320

1250

- 40

16/320

-

Class-C Amp. ( Telegraphy)

1500

-105

200

40

Class-C Amp. ( Telephony)

1250

-160

160

60

Class-B Amp. ( Audio)

1500

- 16

84/400

,

7

280

8.5
16
,

7.0

,

150

-

140

8200

370

Class-C Amp. ( Telegraphy)

2500

-200

200

40

16

-

Class-C Amp. ( Telephony)

390

2000

-225

127

40

16

-

204

Class-B ( Audio)

2500

- 90

-

-

-

--

Class-C Amp. ( Telegraphy)

3000
3000

-600
-300

200
230

35
70

-27

Class-B Amp. ( Audio)

3000

-150

Class-C Amp. ( Telegraphy)

3000

-400

67/335
250

430 ,
40

3.0
20

Class-B Amp. ( Audio)

3000

-260

65/335

675

Class-C Amp.-Oscillator

3000

-170

200

,

Class-C Amp. ( Telegraphy)

7

1

80/330 350

,

,

14

15680

8

.--.

3.0

-

8

,

560
.....-

-

450

-.--

600

20300

700

--

600

20400

700

45

17

Class-C Amp. ( Telephony)

--

470

3000

-260

165

40

17

Class-C Amp.-Oscillator

---

400

3000

-400

230

30

Class-C Amp. (Telephony)

15

-

610

2500

-350

250

35

16

Class-C Amp. ( Telegraphy)

-

500

2500

-300

200

18

8.0

Class-C Amp. (Telephony)

-

380

2000

-350

160

20

Class-B Amp. ( Audio)

9.0

-

2500
--

-130
-.

60/360
-

460 ,
-.

7

Class-C Amplifier

8.0 ,
-.

Class-C Amp.-Oscillator

2500

-

200

-

Class-C Amp. (Telegraphy)

4000

-690

245

50

-.
48

Class-C Amp. (Telephony)

3000

-550

210

50

Grid-Modulated Amp.

3000

-400

78

3.0

16000
-.
-

250
600
375
375

--

830

35

-

525

12

-

05

3000

-205

65/313

630

3500

-490

243

50

38

Class-C Amp. (Telephony)

-

3500

-425

210

SS

36

Class C Amp. ( Telegraphy)

-

3500

525

-448

240

60

45

Class-C Amp. ( Telephony)

-

690

3000

-437

210

60

45

Class-C Amp. ( Telegraphy)

-

525

3500

-368

250

75

50

---

Class-C Amp. ( Telephony)

720

3000

-312

210

75

45

Class-C Amp. ( Telegraphy)

-

525

2500

-300

200

18

8.0

Class-C Amp. ( Telephony)

-

380

2000

-350

160

20

9.0

Class-B ( Audio)

--

250

2500

-130

320

2.5

16000

500

-180
-350

300
250

--

Class-C Amp. ( Telephony)

2500
2000

575

---

380

Grid-Modulated Amp.

2250

-140

100

2453

- 60

70/450

1

Class-C Amp. ( Telegraphy)

1

Class-C Amp. ( Telegraphy)
4.5
9.0

D.C.
A P
Go
•
rr
i
o
d•
m
Grid
Driving
Current p
Ma .
Watts

Class-C Amp.-Oscillator

Class-B Amp. ( Audio)

10

Plate
Current
m . •

Class-C Amp. ( Telephony)

-

HK354
HK354C

5.0

_

Interelecfrode
Capacitances ( med.)

Class- 8 Amp. ( Audio)

,

,

410

,

,

60
70

,

19
35

2.0
380

20

,

4.0
13

8

22000

11600

665
690

73
725

MITTING TUBES- Continued

- - ----

Type

8000

Max.
Plate
Nisi.
potion
Walls

175

GL-5C24

160

RK63
RK63A

200

T200

F- 127-A

200

200

822
8225

200

4C32

200

Cathode
.. ...
VOITS

P1111113.

4.5

10

5.2

10
5.0

10

6.3

14

10

10

10

10

GL- 592
3-200A3

200

4C34
HF300

200 . 11-12

10

5.75

4.0

4.0

4.5

5.0

Max.'
Max '
Plate
Plate
Current
Voltage
me.

2500

300

1750

107

3000

250

2500

3000

2500

3000

3500

350

325

300

300

250

ax.
D.C.
Grid
Current
Ma.

45

-

60

80

70

60

60

50

.
...milt.
Factor

16.5

Interelectrode
Capacitances ( mµfd.)
Grid
to
Fil.

5.0

Grid
to
Plate

6.4

Max.
Freq.

Mc.
Plate
Full
Ratings
to Watts
Fil.

3.3

30

Base

J.

Socket
Connertiens

2N

8

5.6

8.8

3.3

-•-•

N.

Fig. 26

37

2.7

3.3

1.1

-.

J.

2N

16

38

30

30

25

9.3

13

8.5

5.5

3.6

7.9

4

13. 5

5.8

3.3

1.6

13

2.1

1.1

0.29

30

J.

J.

-

20
30
60

150

J.

J.

N.

2N

Fig. 26

3N
2N
2N

Fig. 52

60

T814
HV12
T822
NV27
7400

806

34.50A4
250711

3-250A2
25071.

200

10

4.0

3000

275

4.0

2500

200

4.0

2500

300

60

23

6.0

6.
5

1.
4

20

J.

2N

60

12

8.5

12.8

1.7

30

J

3N

60

27

8.5

13 .
5

2.
1

30

J.

3N

D.C.
Plate
Grid
Grid
Plate
Current
Curent
m
_
Voltage
Voltage

Typical Operation

200

225

250

10

11

5.0

5.0

6.0

10

10.3

3000

3300

4000

23

300

2500

-240

300

40

18

---

575

Class-C Amp. (Telephony)
Grid-Modulated Amp.

2000

-370

250

37

20

--

380

2250

-265

100

Class-8 Amp. ( Audio)

2250

-130

65/450

1500

-155

107

1750

-200

320

Class-C Amp. (Telegraphy)

3000

-200

233

45

17

--

525

Class-C Amp. (Telephony)
Grid-Modulated Amp.

2500

-200

205

50

19

--

405

---

100

7

Class-A Amp. ( Audio)
Class-AB, Amp. ( Audio)

7

300

350

50

100

12.6

37

6.1

5.0

7.0

4.2

2 .9

1.4

1.1

0.
7

-.-.

-

30

40

J.

J.

-

2N

2N

5.0

10.5

4000

350

50

14

3 .7

3.
1

0.
7

40

J.

2N

1.9

,

,

390

,

75

--

8200

--

8000

,

55
240

Class-C Amp. (Telephony)

2000

-260

300

54

23

---

460

Class-C Amp. (Telegraphy)

3000

-250

250

47

18

600

Class-C Amp. (Telephony)

2500

-300

200

58

25.2

-

Class-11 Amp. ( Audio)

2800

- 75

20/400

175

Class-C Amp. ( Telegraphy)

2500

-190

300

51

Class-C Amp. ( Telephony)

2000
3000

- 75
- 80

450

Class-C Amp.-Oscillator

2000

-163

275

20

10

Class-C Amp. (Telephony)

2000

-200

250

20

15

Class-C Amp. (Telegraphy)

3000

-220

222

23

200

35

,

Class-8 Amp. ( Audio)

,

330

54

25

-

685

100

260

6.65

,

,

17
13 .
7

43
,

12 .
5

725

12000

250
-280

-

7.
0

,

Class-C Amp. (Telegraphy)

362

,

8.0

,

420

16600

820

--

600

--

405

16000

1000

-

400

11

--

466

19

-

375

8500

600

375

Class-C Amp. (Telephony)

2500

-300

Class-B ( Audio)'
Class-C Amp. (Telegraphy)

2000
3000

- 50
-400

Class-C Amp. (Telephony)

2000

-300

clots-8 Amp. ( Audio)

3000

-115

60/360

Class-C Amp. (Telegraphy)

2500

-240

300

30

10

-

575

Class-C Amp. (Telephony)

2000

-370

300

40

20

-

485

5 0/ 273

350,

300

50

15

15

-

400

,

120 /
500 520 ,

250
250

25,

28
36
450

---

16

17
,

13

'

600

385
780

2000

-160

Class-C Amp. (Telephony)

-175
-193

250

45

Class-C Amp. ( Telegraphy)

3000

-400

250

28

20

-

600

Class-C Amp. (Telephony)

2000

-300

250

36

17

--

385

Class-8 ( Audio)

2500

-100

60/450

-

750

Class-C Amp. (Telegraphy)

3300

-600

300

40

34

-

780

Class-C Amp. (Telephony)

3000

-670

195

27

24

--

460

Class-8 Amp. ( Audio)

3300

-240

80/475

930

16000

1120

Class-C Amp. (Telegraphy)

2000

-120

350

100

Class-C Amp. (Telephony)

3000

-210

330

7

,

7

125

7.
0,

20000

2500
2000

7.5 ,

-

,

35

75
4.5

42
20

3000

-160
- 63

Class-C Amp. (Telegraphy)

3000

-350

335

45

29

Class-C Amp. (Telephony)

3000
3000

-350

335

45

29

-450

125

-175

100/500

7

Grid-Modulated Amp.
Class-8 Amp. ( Audio)

,

3000

100/560 460

,

,

24

2.0

15

840 ,

17

14400

400

--585

500
--750

34

3000

Grid-Modulated Amp.
Class-8 Amp. (Audio)

250

560

--

2.5

0

3000
2500

Class-8 Amp. ( Audio)

6.0

Class B IApprox.
P-to- P
Outpu 1
Po we r
Load Res.
Watts
Ohms

Class-C Amp.-Or.cillotor

Class-C Amp. (Telegraphy)
200

Approx.
Grid
Driving
P.,...
Pow er

--,

12250
----

,

13000

125
1150
750
750
125
1000

TABLE XVI - TRIODE TRANSMITTING TUBES- Continued
Type

GL1S9

GL169

204A
304A

4

Max.
Plate
Di»'potion
Watts

Cathode

Volts

250

9.6

10

2000

9.6

250

2000

3.85

308B

250

HK454H

250

HK454-1.

5.0

250

5.0

03 212E
24111
312E

Amp.

10

250

Max.
Max.
Max.
D.C.
Plate
Plate
Grid
Voltage Current Currant
Mo.
Ma.

2500

4.0

2250

11

5000

11

275

5000

4.0

3000

400

400

Amp.
Factor

100

100

375

85

30

375

60

12

75

300

3300

5/10

350

26/13
135.0

75

3000

1000

16

5.5

150

10

HK654

300

7.5

833A
270A
849 1
831

1

350

5/10

10

350

10
4.0

400
400

25/12.5

5.0
11

38

10

3000

3300
3000
2500
3500

e Cathode resistor in ohms.
455`
Grid resistor ohms.

15

16

300

600

100

22

375
350
350

J.

EMI
19.0

6.2

4.0
9.0

0.6
0.8

12.0

1.4

5.5

20

13.5

10.2

150

12

8.5

9.1

100
75
125
75

i
14.5

3.8

1.5

0.7

ll
4.0

0.6

1.4

Socket
C
Hens

T-48G

T-411G

T- 1A

T-2A

Typical Operation

Plate
Grid
Voltage Voltage

Class-C Amp.-Oscillator
CI

2000

Class-B Amp. ( Audio) ,
Class-C Amp.-Oscillator

2000
2000

Class-C Amp. (Telephony)
Class-B Amp. (Audio)

1500

- 200
- 240
- 100

Approx.
D.C.
Grid
Grid
Current Driving
Power
Mo.
Watts

Plate
Current
Ma.

400

17

400

23

- 100

30/660 400
400
42
400
45

-100

6.0
9.0
4.0

5

- 18

30/660

220

-200

30

Class-8 Amp. ( Audio)

2000

250

-250

250

3000

35

- 100

80/372

500 9

6.0
15

5

18

Class-C Amp. (Telegraphy)

1750

-345

300

Class-B Amp. (Audio)

1500
1750

-300

300
30/300
270

60

28

270

45

30

60
45

30

7

2N

100

Class-C Amp. (Telegraphy)

2N

3500
3500

-430

T-2A
T-2AA

Class-C Amp. (Telephony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)

3500

-275

3500

270

- 450

2N

Class-C Amp. (Telegraphy)

2000

270

Class-C Amp. (Telephony)
Oscillator at 200 Mc.

- 105
- 225

40/300

2000
1500

-200

300

Class-C Amp. (Telegraphy)

2000

Approximately 250 watts out ut
SOO
73
57
-380

200

N.

20

J.

ao
ao

N.
N.

T-48
2N

411C
4BC

Class-B Amp. (Audio)

7

Class-C Amp. (Telephony)
Grid-Modulated Amp.
Class-C Amplifier
Class-B Amp. ( Audio)

,

Class-C Amplifier
Class-B Amp. ( Audio)

T-1AB

Class-C Amp. (
Telegrap hy )

7.5

T- 1A

Class-C Amp. (Telegraphy)

3

T- IA

30

N.

IDiscontinued.
Twin triode. Values, except interelement capacities,
are for both sections in push-pull.
Output at 112 Mc.

T- IAA

Class-C Amp. (Teleph ony )
Class-C Amp. (Teleph ony )
Class-C Ama. (
Telegraph y )
Class-C Amp. (Telephony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)

2000

- 365
-210

3500
1500

- 125

3000

-150

1500

- 230

3000

-260

2000

- 200

50

70

15

15

667
115
134/667 420

335

2250

- 300

300

2500

- 250

300

2000
3500

- 300

300

-400

275

3000

- 500

200

450
350
20000

700
300

5200

73

575
760
760
760
760

8000

650
300
720
655
210
700

5

665
90
130/667 650 5
475
65
350

900

400

110

-300

450
7000

75

150

-375

900
620

28

450

2500

fGrid- leak resistor in ohms.
"Peak valves.
ePer section.
Values are for two tubes in push-pull.

33

300

3000

6880

350

- 213
-27S

48C

620

10

2000
2500

Approx.
Output
Power
Watts

450

10

Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
,

Class 8
P- to- P
Load Res.
Ohms

100

1.5

170
900

500

J.

1.5

HK304-L
527

300

15

325

359

Base

3

11.5

3-300A2
30411

Plate
to
Fit.

275

8.0

4000

Grid
to
Plate

Max.
Freq.
Mc.
Full
Ratings

85

300

3-300A3
304TH

Grid
to
Fil.

20

300T1

15

Interoloefrodo
Capacitances ( pfd.)

1400

25
30

700
1400
740
635
700

80

450
560

40
60

30
50

8 Max. signal value.
5 Peak a.f. grid-to-grid volts.
18 For single tubs.
"Class-8 data in Table I.
12 Forced-air cooling.

425
590

TABLE XVII-TETRODE

AND

PENTODE

TRANSMITTING

TUBES

_
_

Type

Max.
Plate
Dissi-

Cathode

Amp.

Max.
Plate
Voltage

In &electrode
Ca panlta
nces( upfd)
.

Max.
Screen
Voltage

sMax
. '

Watts
"

Grid
to
Fil.

135

0.9

4.8

Dissi-

Grid
to
Plate

Max
xi.'
F.

Mc.

Plate
to
L ail
Fil. ''''' nel s

Base

Socket
Connec.,
lions

a
st
i t
a

Volts

2.0

14
2.8

0.2
0.1

3D6

4.5

2.8
1.4

0.11
0.22

180

135

384

3.0

2.5
1.25

0.165
0.33

150

135

2.5

0.1125

200

100

0.6

8.0

0.1

8.0

60

0.

T-8DB

375

250

1.0

3.6

0.12

4.2

54

B.

78K

2

8.5

0.15

9.5

100

B.

9L

7.0

0.24

5.0

83

B.

7CU

3A4

HY63

7

3.0

1.25

0.225

150

6AK6

3.5

6.3

0.15

5A6

5.0

2.5
5.0

0.46
0.23

150

5618

5.
0

6.0
3.0

0.23
0.46

300

150
125

0.9
-

2.0

0.2

4.2

10

Typical Operation

B.

7BB

75

0.3

5.5

50

L.

688

4.6

0.16

7.6

100

B.

7CY

Class-C Amp. (Telegraphy)
Class-C Amp. (Telegraphy)

Plate
Voltage

150
15 0

Screen
Voltage

[ Sun
PV:er

age

0

135
135

--.-

135

-

Grid
Voltage

Approx.' Class 8 A
Grid
P-to-P '','.P.r x.'
Plate Screen Grid
Screen
Current Current Current Resistor Driving
Load
'
.'"'"
a'
Ma.
Ma
Ohms
Power
Res.
`„,,
ar....r
Ma.
Watts
Ohms
'''''''

- 26

18.3

- 20

23

6.5
6.0

0.13
1.0

-----1.25

- 75

25
20

4.0

2.0

-

0.1

-

Class-C Amp. (Telephony)

180

100

---

- 35

15

3.0

2.0

-

0.2

-

2.0

Class-C Amp. (Telegraphy)

375

250

-

-100

15

4.0

3.0

----•

--

4.0

Class-C Amp.

150

150

0

- 24

40

1.2

-

-

3.1

Class-C Amp. (Telegraphy)

300

75

0

- 45

25

7.0

1.5

32000

0.3

-

5.4

250

250

---

- 50

40

10.5

4.0

.-.

0.15

-

6.5

Fig. 29 Class-C Amp. (Telegraphy)

11

6.3

0.35

250

250

3.0

6.4

0.11

4.0

160

'B.

250

180

- 30

30

6.5

2.0

6.3

0.45

350

250

2.0

7.6

0.35

6.0

54

B.

7BZ

Class-C Amp. (Telegraphy)

350

250

-

-100

47

7.0

5.0
5.0
10

6V6GT

8.0

6.3

0.45

350

250

2.0

0.7

7.5

10

O.

0 91
'
01
-3 4)
7ACCossCf
eP- U-i
-

350

250

---

-160

47

7.0

64107

9.0

6.3

0.65

375

250

1.5

13

0.06

7.5

10

0.

8Y

- 75

30

9,0

RK64 ,

6.0

6.3

0.5

100

3.0

0.4

9.0

60

M.

SAW

250
100

-

10

375
400

400

Class-C Amp. (felegraPhY)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)

300

1610

6.0 '

2.5

1.75

400

200

2.0

20

M.

RKS6

8.0

6.3

0.55

300

300

4.5

2.5

2.0

6.3

0.9

RK23 1
10
RK25
RK2511 1
1613

10

6.3

0.7

250

500

8

350

275

2.5
2.5

2E30

10

6.0

0.7

250

250

5812

10

6.0

0.65

300

250

2.5

837
RK44 ,

12

12.6

0.7

500

300

8

0.75

300

250

2

5763
6F6

6F6G

2E24

2E26

802
,

12
12.5

9.0
13.5

13.5
9.0

13

6.0
6.3

6.3e

6.3

6.3

0.7

400

275

3.0

500

200

2.3

600

200

2.5

600

200

2.5

500

200

2.3

0.9

10

8.5
10
9.0

16
9.5

250

600
.

6.0

0.2

0.2

9.0

10

60

.-

0.2
0.3
0.2

8.0

0.5

10
4.5
13
6.5

6.5

12

0.15

7.0

8.5

-

0.1

-

5.0

1.6

-

0.1

-

12.5

- 40

50

10

1.6

45

- 90

55

38

4.0

Class-C Amp. ( telephony)

400

150

0

- 90

43

30

6.0

Suppressor-Modulated Amp.

500

200

-43

- 90

31

39

4.0

-

Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)

350

200

-

- 35

50

10

3.5

20000

275

200

-

- 35

42

10

2.8

Class-C Amp. (Telegraphy)

250

200

-

- 53

50

10

2.5

Class-A82 Amp. ( Audio) e
Class-C Amp. (Telegraphy)

250

250

-

- 30 40/120 4/20

300

200

---.

- 45

55

Class-C Amp. (Telegraphy)

500

200

40

- 70

80

Class-C Amp. (Telephony)

400

140

Suppressor-Modulated Amp.

500

-

Class-C Amp. (Telegraphy)

300

Doubler to 175 Mc.

B.

9K

10

0.

7AC

30

1.5

--•-•

175

125

7.0

200

0.

0.

M.

6BM

2800

0.28

---•

0.5

-

22

0.8

-

13.5

0.5

-

6.0

0.22

-

9

10000

0.16

-.-

•••--

0.2

-

6.0
7.5

2.3 r

87

0.2

0.75

-

1.5

-

15

4.0

20000

0.4

-

28
11

3.0

8300

8

3800

8.5

17
7.0

40

- 40

45

20

5.0

13000

0.3

-

- 20

30

23

3.5

14000

0.1

-.--••

5.0

250

- 60

50

5.0

3.0

-

0.35

-

8.0

300

250

0

- 75

40

4.0

1.0

12500

0.6

-

Cioss-C Amp. ( Telegraphy)

400

275

-

- 100

50

II

5.0

---.

Class-C Amp. (Telephony)

275

203

--•-•

- 35

42

10

2.8

-

0.16

----

6.0

400

180

-

- 45

50

2.5

27500
40030

0.15
0.16

--

13.5
18.0

8.0

-

--,

3.6
14

503

180

-----

- 45

54

8.0

2.5

430

200

-

- 45

75

10.0

3.0

20000

0.19

----

20

600

195

-

- 53

66

10

3.0

43530

0.21

.---

27

185
180

-

- 45
- 50

66
54

10

3.
0

41500

Class-C Amp. ( Telephony)

600
500

-

27
18

Class-Mk Amp. ( Audio) e

500_

125

-

- 15 22/150

32

Class-t Amp. (Telegraphy)

603

250

40

-120

55

500

245

40

- 40

600

250

-45

-100

7CL

7CK

12

6.0

-63
0

Class-C Amp. (Telegraphy)
0.2

-

200

Class-C Amp. (Telegraphy)

13

-

0.2

500

6BM

125

0.18

250

Class-C Amp. (Telephony)
0.11

---.
30000

Class-C Amp. (Telegraphy)

M.

10

3.0
4.0

62

20

11
7,5

8.0

- 40

7CQ

-

35

-.-

B.

7.4

---

26

300

165

0.2

11

- 30

400

7CQ

4.5

-

- 30

22.5

6BM

5.0

-

30

- 50

M.

3.0

30
-

B.

0.5

-

150

160

45

10

0.10

400

7$

11.5

-

.--

T-5CA Class-C Amp. (Telegraphy)
Class-C Amp. (Telegraphy)
M. SAW
Class-C Amp. (Telephony)

O.

0.5

6.5

8.5

0.65

0.8

10

1.4

-224

8.0

13

1.2

100--

150

7.5

1.2

-

200

Class-C Amp.

5686

8.6

0.25

Class-C Amp. (telegraphy)

6AQS

9.5

2300
-

-aass-C

Amp. (Telephony)

Suppressor-Modulated Amp.

2.5
-

35500

0.17
0.15

60

0.36

16

2.4

22000

0.30

-

'23

40

15

1.5

16300

0.10

-

12

30

24

5.0

14500

0.6

-

9.0
7

8

7

8000

54

6.3

-

TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES- Continued

Ma x.

Type

HY6V6GTX

Plate
Dissipotion
W atts

13

Cathode

Volts

6.3

Amp.

0.5

Interelectrode
M ax .
Mau ' Ca
( el'fd' I Max '
M au ' Screen
Socket
eacItolees
Freq.
Plate Screen
ConDissiMc.
Base
VoltVoltGrid Grid Plate
necpotion
Full
age
age
Watts
to
to
to
Ratings
tiens
Fil.
Plate
Fil.
350

223

2.5

HY60

15

6.3

0.5

425

225

2.5

HY65 I

15

6.3

0.85

450

250

4.0

2E25

15

6.0

0.8

450

250

4.0

9.5
10
9.1

8.5

0.7

9.5

60

O.

7AC

0.2

8.5

60

M.

SAW

0.18

7.2

60

0.

TAMS

0.15

6.7

125

0.

5BJ

306A

15

2.75

2.0

300

300

6.0

13

0.35

13

-

M.

T-5CB

307A
RK-75

15

5.5

1.0

500

250

6.0

15

0.55

12

.---

M.

T-5C

83V

15

832A

8

844.

15
15

865

15

1619

15

5516

15

6.3
12.6

1.6
0.8

500

6.3
12.6

1.6
0.8

750

2.5

2.5

500

7.5

2.5

6.0

2.0

2.0

0.7

750

400

250
250
180
175

300

5.0
5.0
3.0
3.0

3.5

600

250

LO

7.5
7.5
9.5
8.5

10.5

8.5

0.05

3.8

0.05

3.8

0.15

7.5

0.1

0.35

200
200
..-

8.0

15

12.5

0.12

45

6.5

80

N.
N.
M.
M.

0.

0.

7BP
78P
5AW
T-4C

T9H

7CL

Plate
Voltage

Typical Operation

8

254A
61.6
6L6G

16

6.3

0.68

400

250

5

20

5.0

3.25

750

175

5.0

21

6.3

0.9

400

300

3.5

8.5

0.05

4.6

0.1

10

0.4

11.5

0.9

300

200

-

- 45

60

7.5

2.5

--.

0.3

250
425

200
200

-

- 45
-62.5

60
60

6.0
8.5

2.0

15000

0.4

-

3.0

.-.-

0.3

-

200
250

-

- 45

60

14

- 45

75

2.5
3.0

-

--

7.0
15

0.2

Class-C Amp.-Oscillator

325
450

-.....»

0.5

Class-C Amp. (Telephony)

---..

24

350

200

-

- 45

Class-C Amp. (Telegraphy)
Class-C Amp. ( Telephony)

63

12

3.0

--.-

0.5

-.--

16

450

250

-

- 45

75

15

3.0

-

0.4

--.-

24

400

200

-

- 45

60

12

3.0

-

0.4

-

16

Class-A82 Amp. ( Audio)

,

450

250

-

- 30 44/150 10/40

3.0

142

0.9 y

Class-C Amp. (Telephony)

-

Class-C Amp. (Telegraphy)

180
250

- 50
- 35

36
60

15
13

3.0
1.4

8000
20000

-

6000
--•-•

40

300
500

Suppressor-Modulated Amp.

SOO

-50
-

- 35
- 65

40
72

20
14

1.5
2.6

14000
21000

0.18

- 60
- 65

52
48

16
15

2.4
2.8

14000
36500

0.15
0.19

--.

16

-.

26

36
25

16

2.6

25000

0.16

-•

17

-

5.0

--.

-.-.

-••-•

9.0

.--.

•••••-

4.0

500

Class-C Amp. (Telephony)

425

200

--

Class-C Amp. (Telegraphy)

750

200

-

Class.0 Amp. (Telephony)

600

200

-

Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)

300

175

-

- 65
-125

500

150

-100
- 80

20
40

-«-.

5.5

-.-

1.0

..-»

16

-120

40

-

9.0

--.-

2.5

.-

10
19.5

Class-C Amp. (Telegraphy)

750

125

---

Class-C Amp. (Telephony)

500

125

-

400

300

-

- 55

75

10.5

3.0

9503

0.36

--.»

325

285

-

- 50

62

7.5

2.8

5000

0.18

-

Class-A82 Amp. ( Audio)

400

300

,

Class-C Amp. ( Telegraphy)
Class-C Amp. (Telephony)

T-4C

0.

7AC

500

300

3.5

11

1.5

7.0

HY6L6GTX

21

6.3

0.9

500

300

3.5

11

0.5

7.0

T21

21

6.3

0.9

400

300

3.5

13

0.7

12

RK49

21

6.3

0.9

400

300

3.5

11.5

1.4

10.6

5881
1614
RK418
81(39

23
25
25

6.3
6.3
2.5
6.3

0.9
0.9
2.4
0.9

400
450

600

300
300

300

3
3.5

3.5

-10

13

0.4

0.2

12.5

10

-

0.

7AC

60

0.

7AC

30

M.

6A

---

M.

6A

80

30

0.
0.

M.

7AC
7AC

SAW

--•

Class-C Amp. (Telegraphy)

M.

0.9

-

Class-C Amp. (Telephony)

-

6.3

7.0
20

Class-C Amp. (Telegraphy)

9.4

21

0

8

200
200

Fig. 34 Class-C Amplifier

6L6GX

10
18

Class-C Amp.-Oscillator

0.

10

12

Class-C Amp. (Telephony)

186

9.5

Approx. Class B aeel"'
Plate Screen
Grid
Screen
Grid
P-to- P "
Output
Current Current Current Resistor Driving
Load
Ma.
Ma.
Ma.
Ohms
Power
Res.
;a
wn :
Watts
Ohms

Class-C Amp. (Telegraphy)

3.3

12

Grid
Voltage

Class-C Amp. (Telephony)

Class-A82 ( Audio) ,
AX9905

Screen Su eVolt- Pves
t
°
:
rm i
age
age

0

630

250

-

-16.5 75/150 6.5/11.5
- 60
75
15

475

250

---

- 90

63

600

250

-

400

250

--

- 80

80

- 25 36/140

250

175

---

- 70

80

175
300

-

- 90

60

Class-C Amp.-Oscillator

750
400

Class-C Amplifier

-.-.

-125

100

Class-C Amp. (Telephony)

325

250

-.-•

- 70

65

Class-C Amp. (Telegraphy)

500

250

--.--

- 50

90

Class-C Amp. (Telephony)
Class-C Amp.-Oscillator

325
500

225
250

---

- 45
- 50

Class-C Amp. (Telephony)

403

225

--

Class-C Amp. (Telegraphy)
Class-C Amp. ( Telephony)

400

250

-

200

-

Class-C Amp. (Telegraphy)

400

250

Class-C Amp. (Telephony)

300

203

Class-C Amp. (Telegraphy)

450

250

Class-C Amp. ( Telephony)

375

Class-AL AM». (Audio)

Class-C Amp. (Telegraphy)

530
600

Class-C Amp. (Telephony)

475

350

-.5.0

10

4.0

1/24

48
3.5

--..

6

77

6.0
26

13

0.4 8

6000

-

0.5

-

32

22500

0.5

-

22

0.16

10500

67

.--

20.8

80

8

8

0.39

36

6.5
4.2
-.•
0.26
•.16.9
-----25
12

5.0

-•

--.

-

-.-

0.8

-

11

9.0

9.0
2.0

..-.-

0.25

-•

30

90
90

9.0
9.0

3.0
2.0

-.-.

0.25

-

20

.-.-

0.5

-.-

30

- 45
- 50

90
95

9.0
8.0

3.0
3.3

16000
--

0.8
0.2

-

20

---•

25

- 45
- 50

61
95

17
8.0

5.0
3.3

---

0.35

-....-..

14

-

-.--.

0.2

---,

29

-

- 43

60

15

5.0

...-

12

--•

- 45

100

251

--.

- 50

93

340
300

-.--

- 36 60/150
- 90
93

230

-

- 50

Class-C Amplifier

6702

0.34

•••••••

28

Same as 61.6

,

85

8

2.0

12500

0.15

-

7.0

2.0

10000

0.15

-

24.5

---

7200

30

23
10

7

9.0

31

--.3.0

---.

0.33

--.--

36

2.5

25333

1.2

---.

26

72

,

-TETRODE
Max
'
Plato

Type

Gillum',

Dissipotion
w on . Volts

HY61

815 ,

Amp.

25

6.3

0.9

25

12.6
6.3

0.8
1.6

7.5

Interelectrode
Max
' Capacitances (amid.)
Max
' Scree
Screen
Din'.
Grid Grid Plate
Voltpotion

".
600

500

d"

Wets

300

3.S

2 00

Z.

113

"

7.0

0.2

11

»

4

ril.

1
,:clte

"'
Freq.
Mc.
Full

M

0.2

iummil

5.4

-

750

150

5.0

1624

MR 2»

600

300

15

11

oas

3.0

1500

200

.-.

•-.

•-••• I=

6146

3122 ,
RK66
807
110794
3933
1625

2E22

25

30
30

30

30

3023
TB-35

35

AX•
9903 ,

40

RK20 I
RK20A
RK46 1

40

HY69

6.3

1:1

6.3

6.3
12.6

1.25

?':
1.5

0.9
0.45

1.5

6.3

1.8
0.9

6.3
12.6

40

750

16
2

750

12.6
6.3

1.125
2.25

225
300

*XI

250

.-600

500

U;

250

3.0

6.0
3.5

3.5

13.5

14
12

11

9.0

8.5

0.22

10.5

0.25

7.0

0.2

M.

LAW

250

--

- 50

85

9.0

4.0

39000

0.4

.----.

475

250

---

- SO

100

9.0

3.5

25000

0.2

.-

27

Class-482 Amp. (Audio)

600

300

--

- 30

200

10

.---

•-•J

0.1

-

80

750

750

250

300

300

225

240

240

10

7

15

5.0

6

7»
6
7
7

13

6.5
6.7

14

15.4

14.5

14.4

14.5

10

02

,

250

60

200
60

60

S.

O.
M.

M.

7CK

8BY

M.

-

1.8

0.08

2.1

12

0.01

0.23

6.5

7.0

0.1

7.0

11

0.12
_

7.0

250
150

-

60

200

200

200

M.
N.

M.

M.

N.

N.

N.

7

500

200

--

- 45

150

17

2.5

-

0.13

--.

56

400

175

.--

- 45

150

15

3.0

--.

0.16

..--

45

Class-4112 Amp. ( Audio)

500

125

•-•

- 15 22/150

32

750

150

-

-135

75

-..
10

8

Class-C Amplifier

60

-

7

8

•=1

--

0.36 .

8000

54

-

.---

30
35

5.0

30000

0.43

9.0

3.3

25000

0.25

5/15

106 ,

.-

1.2

14.7

3.0

--•

0.3

-

9

1.8

-.

3.0

-

35

12

3.0

.--

0.3

-

52

600

300

•-•

- 60

90

500

275

.......

- SO

75

600

300

•-•

- 25 42/18.

1000

200

.---•

-155

75

-...

750

160

--

- 85

120

Class-C Amp. (C. W. 175 Mc.)

400

200

--

- 54

150

Class-C Amp. (Telephony)

600

130

--.

- 85

112.5

.---0,0

7

75

MME511=1

50
69

130

Class-AL Amp. (Audio) ,

750

163

-

- 45 35;240 0.6/21

---

0.07

600

200

.-

- 55

160

20

7.0

20000

0.45

-

72

Class-C Amp. (Telephony) 8

560

200

.-

- 50

160

20

6.5

18000

0 .4

•-

67

0.2 7

101

,

8000

24
72

Class-C Amp. (Telegraphy) 8

.

.

aass-C Amp.-Oscillator
Closs-C Amp. (Telephony)

500

-.--.

-.

- 50

75

8.0

3.2

25000

0.23

-

25

Class-CAmp. (Telegraphy)

750

250

.-.-

- 43

100

6

3.5

85...

0.22

--..

50

5AW

Closs-C Amp. (Telephony)

600

275

- 90

100

6.5

4.0

50000

0.4

.--...-

5AZ

Class-AL Amp. (Audio)

750

300

5/10

92 ,

-

----

555

T-5C

5.I

Fig. 54

750

...-

500

250

22.5

- 60

100

16

6.0

15000

0.55

aass-C Amp.-Oscillator

750

250

22.5

- 60

100

16

6.0

30000

0.5S

7BP

781.

7BP

8

6.5

750

250

-90

- 65

55

29

Class-C Amp. (Telegraphy)

1500

375

...-

-300

110

22

15

Class-C Amp. (Telephony)

10C10

300

-200

85

14

10

600

250

.-

- 80

200

16

2

42.5

6950

120

6650

120

.--.
-

17000

0.6

-

--•-•
- ,

4.5
2.0

-

0.2

.,--

34
53
130
60
80

600

250

-.-

-100

200

24

8

.---

Class-C Amp. (Telegraphy)
aass-C Amp. (Telephony)

1250

300

45

-100

92

36

11.5

--.

1.6

-

84

1000

300

0

-100

75

30

10

23000

1.3

Suppressor- Modulated Amp.

1250

300

-45

-100

48

44

11.5

--•

1.5

--,
-

52
21

Grid- Modulated Amp.

20

CE1 Class-C Amp. (Telephony)

T-5D

5.3 7

,1

Class-C Amp.-Oscillator

Class-C Amp. (Telegraphy)

T-5C

-,
-

- 32 60/240
0 15/240

8

Super -Modulated Amp.
0.2

7

Class-C Amp.-Oscillotor

IL= Class- C Amp. (Telegraphy)
Class-C Amp. (C. W. 15 Mc.)

M.

7

40

Class-C Amp. ( Telephony)

T-5DC Closs-C Amp. (Telephony)
Class-AL Amp. ( Audio) ,

M.

Approx. Class I A
P-to-P "*Pren •
Grid
Sc reen
Plate Screen
Grid
Output
Load
Driving
Resistor
Current
Current
Current
Power
AA .,
Res.
Power
Ohms
Ma.
Ma.
Mo.
Watts
Ohms
""i",

600

121 T-4C

60

Grid
Voltage

Class- C Amp. (Telegraphy)

811`f

0.

211'1 .
Screen
Volt- r
Voltage
age

Class-C Amp. (Telephony)

Class-C Amp. (Telegraphy)
7 .5

0.22

Plate
Voltage

Typical Operation

Class-B Amp. (Audio)

600

829 7.
1

82987
3E29 ,

600

1250

40

40

560

3.0

6.3

1

829A 7.
,

750

60

125

KEI

Socket
ConRasa
neclions

PENTODE TRANSMITTING TUBES - Continued

lin g'

8.5

25411

3DX3

3.25

Max.
Plate
Volt.

AND

-

1.2

85

1250

300

45

-142

40

7.0

1.8

.--

1.5

-

Class-C Amp.-Oscillotor

600

250

.-

- 60

100

12.5

4.0

30000

0.25

-

42

Class-C Amp. (Telephony)

600

250

--.

- 60

100

12.5

5.0

30000

0.35

-

42

Modulated Doubler

600

200

...--

-300

90

11.5

6.0

35000

2.8

-

27

Class-AL Amp. ( Audio) ,

600

300

.-

- 35

200 7

18

5.0

.-

0.3

••••

80

Class-C Amp. (Telegraphy)

500

200

--.

- 45

240

32

12

9300

0.7

--.

83

Class-C Amp. ( Telephony)

425

200

---

- 60

212

35

11

6400

0.8

-

63

Grid-Modulated Amp.

500

200

-

- 38

120

10

.-

0.5

---

23

Class-C Amp.-Oscillator

750

200

---.

- 55

160

30

12

18300

0.8

-

87

30

12

7

2.0

7

13300

0.9

--

70

--.

0.7

-

24

-

0.5

--

23

0.7

-

83-

Class-C Amp. (Telephony)

600

200

-.-

- 70

150

Grid-Modulated Amp.

750

200

--.

- 55

80

Class-C Amp. (Grid Mod.)

500

200

--.

- 38

120

10

2

Class-C Amp. (Telephony)

425

200

-.--

- 60

212

35

11.0

6400

Class-C Amp. (Telegraphy)

500

200

-

- 45

240

32

12.0

9300

5.0

0

7

TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES- Continued
P
ea
Type

NY1269

Dissipotion
Watts

40

Cathode

Vo hs

6.3
12.6

3D24

45

6.3

715-B

50

5562

45

HIC57

RK47

312A

804

4022
4032

50

50

50

90

50

"P.

3.5
1.75

3.0

M ax. I Max.
Plate Screen
VoltVolta ge

ag
e

shiae '
n

Interelectrode
Capes tances(odd.)
Grid

Grid

Plate

Fil.
le

he

te

Plate

750

300

5.0

16.0

0.25

400

10

26/28 11=.

-

---

.- 111=1 ..-.

6.3

2000

400

5

10

10

7.5

5

3.25

2.8

3.0

25.2
12.6

0.8
1.6

6.3

3,75

Freg
e:

Fil.

Me *

Full
Ratings

Base

Socket
ConnecHens

Plat.

3000

1250

1250

1500

500

300

500

300

8

25

10

20

15

6.5

6.5

7.29

13

15.5

16

0.2

0.2

0.05

0.12

0.15

0.01

7.5

6

M.

T 5DB

Class-C Amp.

y
p

4

2.4

125

--

-- =I= Class -C Amp. (Telegraphy)

1.8

3.13

120

200

14.5

M.

N.

T-9J

Class-C Amp.-Oscillator

--..

15

350

14

28

0.27

13

60

HY67

814

4-65A

282A
4E 2 71
8001'

60

65

65

65

70

75

10
6.3
12.6

10

6.0.

10

5.0

3.1
4.5
2.25

3.25

3.5

3.0

7.5

6

1250

1500

10

300

3000

400

2500

400

3000

600

3000

600

1000

250

4000

750

10

10

5

30

10.5

0.14

...... 0.19

5.4

.-.

14.5

8.0

12.2

12

0.1

0.08

0.2

0.06

13.5

2.1

6.8

6.5

30

160

..

75

-

0.25

-

12.5

63

5

35000

0.5

-

42

--

-

0.3

-

80

10

--

4.0

-

140

10

-

4.0

-

103
-...

-

- 70

-

-

300

-

- 35

375

1500

375

1500

300

1500

375

-

80
200 7
90
90

M=I

20
--..
20
22

-

125

--..

-300

116

21

12
10

I=11

-

-

-•

----

3.6

-200

-

85

14

--

2.0

-145

-

110

2

60

I

2000

--

450

0.15

+30

-143

-

88

166

2

1.5

2000

---

450

-190

-240

2.5

1250

110000

300

0.6

--

- 70

138

14

7.0

900

-

300

1.0

--

-153

Grld-Moduleted Amp.

120

17.5

1250

6.0

-

300

--•

1.4

- 30

Class-C Amp. (Telegraphy)

60

2.0

0.9

1250

---

300

4.0

20

- 55

100

36

Class-C Amp. (Telephony)

5.5

-

1000

-

0.7

40

--

- 40

90

95

Suppressor-Modulated Amp.

35

7.0

1250

-

22000

1.0

-85

--

- 50

65

Class-C Amp. (Telegraphy)

50

42

3.0

1500

300

22000

45

0.55

-

-100

23

Class-C Amp. (Telephony)

100

35

7.0

1250

34000

250

1.95

50

-

- 90

73

110

20

6.0

50000

0.75

-

65

Fig. 64

y

1-SC

glass-C Amp. (Telephony)

T-4CE

T-51311

T-5D

T-4C

7BM

80

14

135
-.-

90
120

Grid-Modulated Amp.

1500

300

45

-130

Suppresser-Modulated Amp.

50

13.5

3.7

-..-

1500

300

1.3

-

-50

-115

28

50

32

7.0

--

0.95

-

28

600

300

Class-C Amp. (Telephony)

-100

215

30

10

-

600

-

1.25

-

-100

--

220

28

100

10

550

--

MOO

----

1.25

-100

--

175

100

17

600

15000

250

-

0.6

100/365

26

-

0.45

6

Class-C Amp. (Telegraphy)

1000

200

-

- 25
-200

Class-C Amp. (Telephony)
Class-C Amp. (Telegraphy)

800

200

---.

-270

125

1250

300

-

- 80

175

Class-C Amp. (Telephony)
Grid-Modulated Amp.

22.5

10

1000

300

-

-150

145

17.5

14

1250

300

--

--

78

3•
00

-

- 90

,

7

70

8

7

3000

125

70
125
85
70

-

i.
2.0
-1.5

152

101
32.5

150

Ciass-C Amp. ( Telephony)

24

10

50000

300

-

1.3

-150

145

Grid-Modulated Amp.

20

10

250

48000

-

3.2

-120

60

250

-

---

4.2

- 90

-..

115

35

250

-

1.7

--..

280

N. Fig. 48

J.

4

100

250
300

+30

N.

M.

15

-

T-6C

M.

120

2000

Ciass-C Amp. ( Telegraphy)
13.5

- 70

300

/A.

M.

;I;

-

450

T-50

M.

e"'Pr

1000

Fig. 51
1000

AP,r...
x.'

2000

Fig. 5. Class-C Amp. (Telegraphy)
750

Plate Se
n Grid
Screen APGPT . CPlato
" P
a
Current urrent Current Resistor Dri vin g Coed
Mo.
Ma.
Ma.
Ohms
Power
Res.
Watts
Ohms

Class-C Amp. ( Telegraphy)

M.

M.

Grid
Voltage

Class-C Amp. (Telegraphy)
Fig. 54135
Class-C Am . Telephon

Suppressor- Modulated Amp.
Class-C Amp. (Telegraphy)

10

12.3

L.

Class-A8i Amp. ( Audio)
305A

Scree
Sa gVol: ge
:
age
age
300

2000

3.0

ma

ere.

Dissipotion
Watts

eg

y

500

-

250

-

150

...-

3.0

2.5

20

10

-100 20/23

0/35

- 35 50/22
-160
100

0/25

6 10
1808

--..

2.2

---

-

-.-

160
130

7

.-

225

..-

325

20000

270
33

2000

150
500

-.

Class-C Amp. Telegraphy)

60

-200

150

11

Class-C Amp. (Telephony)

6

13600.

1800

400

1.4

60

-130

135

11

Suppressor-Modulated Amp.

8

2000

SOO

-300

-130

55

27

3.0

125000
-LI

-

50

-

230

1.7

-

179

0.4

--

35
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TABLE XVII-TETRODE

Type

Max.
Plate
Dissipotion
Watts

NK257
HK2571

828

75

80

Ca hode

Volts

5.0

10

Amp.

Max.
Plate
Voltago

Max
'
Screen
Voltalia

7.5

4000

750

3.25

2000

750

AND

Interelectrode
Socket
Max '
Max ' Caoacitonces(aafd.)
Freq.
Screen
ConMc
Base
Dissinec'
Grid Grid Plate
Full
potion
dons
to
to
to
W a tt s
Ratings
Fil.
Plate
Fil.
25

23

13.8

13.5

0.04

0.05

6. 7

14.5

75
120

30

J.

M.

7BM

5J

PENTODE

TRANSMITTING

RIC48
RK48A

100

100

10

10

5..0

5.0

8.50

100

10

3.25

860

100

10

3.23

813

123

4-125A
4021

125

4E27A/
•
54258

125

RK211A

803

125

125

10

3.0

5.0

10

10

5.0

6.2

7.5

5.0

5,0

4X150G
PE340/
40239 .

2000

1250

3000

2250

3000

4000

2000

2000

400

400

175

500

400

400

750

400

600

35

22

10

10

22

20

20

35

30

15

17

17

0.02

0.13

0.25

7.75 0.08

16.3

10.3

10.5

15

17.5

0.2

0.03

eos

0.02

0.15

15

13

25

7.
5

14

3.0

...••••

.....

IS

30

30

120

4.7

15

29

75

J.

J.

J.

M.

J.

N.

J.

J.

-

20

J.

3J

T-50

T.»

T-4 CB

SBA

SBK

78 M

SJ

5J

_

-----4Xl»A,

2000

150

6.0

2.0

1000

300

15

16.1

0.02

4.7

500

N.

150

2.5

6.25

1280

300

15

16.1

0.02

4. 7

165

N.

150

5.0

7.3

4000

400

-

11.6

0.06

4.35

120

N.

T-9J

.-

5BK

Screen Sa.lt.
Volt- Pra ''"'
Voltage
age

Grid
Voltage

Approx. Class II
P-Ict-P
Screen
Grid
Plale Screen Grid
Load
Current Current Current Resistor Driving
Res.
Power
Ohms
Ma.
Ma.
Ma.
Watts
Ohms

Typical Operation

Plate
Voltage

Class-C Amp. (Telegraphy)

2000

500

60

-200

150

11

6.0

Class-C Amp. (Telephony)
Suppressor-Modulated Amp.

1800
2000

4 00

60

-130

135

11

8.0

500

-300

-130

55

27

3.0

Class-C Amp. (Telegraphy)

1500

400

75

-100

180

28

Class-C Amp. (Telephony)

1250

400

75

-140

160

28

Grid-Modulated Amp.

1500

400

75

-150

80

2000

750

60

-120 50/270

Class-C Amp. (Telegraphy)

2000

400

45

-100

Class-C Amp. (Telephony)

400
400

45

-100

Suppressor- Modulated Amp.

1500
2000

-45

Grid-Modulated Amplifier

2000

400

Class-C Amp. (Telegraphy)

2000

Class-C Amp. (Telephony)
Grid-Modulated Amplifier

a_
1.7,."..;.*

Power
Wafts

1.4

--..

230

1.7

.--•

178

.-

0.4

-.

35

12

40000

2.2

.--

200

12

150

•-•.--

30000

2.7

.-

4.0

1.3

-

1.3

-...-

41

2/60

240

-

0

18500

385

150

55

13

21000

2.0

--•

210

135

52

13

21000

-

155

-100

85

65

13

----

2.0
1.8

45

-140

80

20

4.0

-

0.9

-

75

400

-.

-100

180

40

6.5

---.

1.0

-

250

1500

400

.-

-100

148

50

6.5

22000

1.0

•-

163

1500

400

...-

-145

77

10

1.5

-

1.6

.-

40

Class-C Amp. (Telegraphy)

1250

175

-150

160

Class-C Amp. (Telephony)

1000

140

-

-100

125

Grid-Modulated Amplifier

1250

175

-

- 13

110

Class-C Amp.-Oscillator

300
220

--

-150

85

Class-C Amp. (Telephony)

3000
2000

-----40
165
....
7.0
•••-•
25
15

-••

-200

85

25

38

100000

Class-C Amp. (Telegraphy)

2250

400

0

-155

220

40

15

46000

Class-C Amp. (Telephony)

2000

350

0

-175

200

40

Grid-Modulated Amplifier

2250

400

0

-110

85

Close-B Amp. ( Audio)

2500

750

0

- 95

35/360

Class-AB' Amp. ( Audio)

RK28

TUBES- Continued

i

,

.--..

Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)

3000

350

--

-150

167

2500

350

-•--.

-210

152

Class-A112 Amp. ( Audio)

2500

350

-.

- 43

93/260

,

--

10

.-

130

40

--

10

•-.-

65

105

-

375

4.3

-..,

300

16

41000

•-••

••••-

1.2/55

-•••

-.

0.35

9

••-•

2.5

-

9

-

3.3

-.

300

1.0

22200

400

30

••-•

0/6

178

5

6

-

1.6

8
3

•-••-•

1.6

.-

0.6

5

500

60

-200

167

SOO

60

-130

1000

750

-170

200
160

11
21

Class-C Amp. ( Telegraphy)

2000

400

45

-100

170

60

10

--•-•

Class-C Amp. (Telegraphy)
Grid-Modulated Amp.

1500

400

45

-100

135

54

10

2000

400

45

- 55

80

18

2.0

Suppressor-Modulated Amp.

2000

,---

-43

-115

90

52

Class-C Amp. (Telegraphy)

2000

500

40

- 90

160

45

Class-C Amp. (Telephony)
Suppressor-Modulated Amp.

1600
2000

400
--.

100
-110

- 80
-100

150
80

Grid-Modulated Amplifier

2000

600

40

- 80

80

20

1000

250

- 80

200

39

-

-

4.0

17

2.3

1500

0

60

35

3000
Class -C Amp. (Telegraphy)

-•

17000

75
650
375

375
--

215

1.6

•--

250

18500

1.6

-

150

-

0.5

11.5

30000

1.5

....

12

-

2.0

-.

210

27000
35000

5.0
2.5

-.

155

4.0

-

2.0

-...

7

-•

0.69

45

23

48

15

115

60
60

53
53
148
110

730

- 250

-d-

- 80

200

87

3.1

-..-

0.63

-.•

600

250

-

- 75

200

35

6

••••-

0.52

..

85

Class-C Amp. (Telegraphy)

1250

250

-•••

- 90

200

20

11

-

1.2

•-•

195

Class-C Amp. (Telegraphy)

3000

400

--.

-290

200

27

7

-•-•

2.6

•-••

450

Class-C Amp. ( Telephony)

2500

400

-

-425

180

27

9

--

4

•-•

350

2500

400

---•

- 95

284

--.-

t.11

19100

460

Class-C Amp. ( Telegraphy)

Class Air Audio
Class

8

,

7 ,

-

5

TABLE XV : - TETR ODE AND PENTODE TRANSMITTING TUBES - Continued

Type

Max.
Cathode
Plate
Dissipotion Volts
Amp.
Waits

AT-340

130

5

RK65

215

5.0

4-250A
5022
4-250A

250

250

GL5D24

250

4400A e

400

1/61

400

5.0

5.0

7.0
14

14.5

14.5

Max.
Plate
Voltage

In
tereecroe
l t
d
M ax .
Max.
Ma x . Screen Capoc hnice s( eede) Freq.
Socket
Screen DissiMc. Base ConGrid
Grid
Plate
Volt- potion
...
._
te
Full
necage
Watts
pu
1
4.;
Fu.
Ratings
lions

4000

400

-

3000

500

35

4000

4000

600

600

35

50
50

12.7

0.24

0.06

Approx. Class 8
Plate Screen
Grid
Screen
Grid
P-to-P Approx
Current Current Current Resistor Driving
Load Output
Ma.
Ma.
Ma.
Ohms
Power
Res.
Power
Watts
Ohms
Watts

SupScreen
Grid
Volt- Press4r Voltage
age
age

4.16

120

J.

58K

Class-C Ame. Oscillator

60

J.

T-3BC

Class-C Amp. (Telegraphy)

3000
3000

400
400

-

-500
-100

165
240

75
70

24

---

2.4

4.75

Class-C Amp. ( Telephony)

2500

-

-

-150

200

70

22

30000

330

60

10

30

9

4.5

75

N.

511K

-

--

6.3

-.-

380

--

2.6

--

800

--

3.2

---

510

6.0

3000

500

-

-180

Class-C Amp. (Telephony)
Ciass-A82 ( Audio) ,

3000

400

1500

300

-

-310
225
- 48 100/485

500

--

-

4.7

5400

-250

250

0/34
22

192 e

4000

428

13

2500

500

-

4.1

-100

-

325

750

70

22

--

3.7

--

362
GL5024

0.06

4.5

85

N.

UK

Class .0 Amp. (Telegraphy)

12.7

0.06

4.5

85

N.

38K

Class-C

4.7

110

N.

58K

Class-C Teleg. or Telephony

4000

300

-

-170

270

22 .5

10

--

10

10.5

20

N.

T-18

Class-C Amp. (Telegraphy)

3500

500

-

-250

300

40

40

Class-C Amp. (Telephony)

3000

---

375

30

-..-

-200

200

-

55

70000

33

14.1

4000

5.0

14.5

4000

600

35

12.5

0.12

10

3500

750

35

14.5

0.1

1 Discontinued.

:Triode conne lion- screen grid tied to plate.
Dual tube. Values for both sections, in push-pull. Interolectrode
capacitances, however, are for each section.

310

Class-C Amp. (Telegraphy)

12.7

5.0

11

350

9.04 0.19
10 .5

Plate
Voltage

Typical Operation

Amp. (Telegraphy)

2

Same as 4-250A

'Terminals 3 and 6 must be connected together
Filament limited to intermittent operation.
'
,Values are for two tubes in push-pull.
7 Max.- signal value.

720
700
.....

400

ePeak grid-to-grid a.f. volts.
'
,Forced -air cooling required.
"Average value.
"Two tubes triode connected, GIlo G I through 20K 0, input to G.

TABLE XVIII - KLYSTR 0
Type

Cathode

Freq. Range-Mc.

Volts

Amp.

Base
Connec Eons

Typi
ca lOperati
on

Beam
Volts

Beam
Ma.
(M ax. )

2K25/
723A-8

8702-9548

6.3

0.44

Fig. 60

Reflex Oscillator

300

32

2K26

6250-7060

6.3

0.50

Fig. 60

2K28 b

Reflex Oscillator

1200-3750

6.3

300

0.65

25

Fig. 61

2K33

23500-24500

Reflex Oscillator

6.3

0.68

300'

Fig. 62

45

2K34

2730-3330

Reflex Oscillator

6.3

1.6

1800'

Fig. 58

5

Oscillator-Buffer

2730-3330

6.3

1900

1.6

150

6.3

1.3

Fig. 58
Fig. 59

Cascade Amplifier

2660-3310

1500

150

Reflex Oscillator *

1000

60

2K41
2K42

Beam
Watts
(M ax. )
-

Reflector
Volts

-

-130 / - 183

-

-65/-120

300

30

-

0.140

-80/-220

e

--

0.04

75

--

...--

73

0,005

-510

1.3

Fig. 59

Reflex Oscillator *

6.3

1000

1.3

Fig. 59

60

75

2K44 3

5700-7500

Reflex Oscillator*

6.3
6.3

1.3

1000

Fig. 59

60

75

Reflex Oscillator*

1000

60

75

1000

60

75

0
0
0

60

--

-650

45

-•-•

0.75

40

---

0.8

-700

43

-

0.9

-660

30

---

0.46

30

0.01/0.07

1.3

Fig. 59

2730-3330 ,
8190-10000 e

Reflex Oscillator *

6.3

1.3

Fig. 38

Frequency Multiplier *

1500

60

60

-90

--.

2K47

250-280 ,
2250-3360 2

6.3

1.3

Fig. 58

Frequency M u lti p li er *

1000

60

60

-35

--

3840.4460

6.3

5.0

Fig. 60

Reflex Oscillator

2300-2725

6.3

300

1.6

25

Fig. 58

3K22'

3320-4000

Oscillator-Amplifier *

6.3

1.6

2000

150

Fig. 58

450

0

3K23 '

950-1150

Oscillator-Amplifier *

6.3

2000

1.6

150

Fig. 59

450

Reflex OscIllator

0

1000

90

80

0

-300

-

--

1044
3

-320

2K46

5

0.120

-155/-290

MIM.MIIII
+24

75

Oufpui Walk

0.033

430

6.3

3

25
-

---.

3300-4200

2K56

R.F. Driving
Power
Waned

-45

4200-5700

3K21

Cathode
Ma

430

2

500-10300

Volts

-20/-100

2K43 2
2K39 2

ControlElectr ode

-85/-150

50

3.5

0.75

0.01.0.07
0.15

-

--

-

125

1-3

10-20

--

125

1-3

10-20

--.

1.2

70

0.090

TABLE XVIII - KLYSTRONS - Continued

Type
3107

,

31C30
¡410R),
681.6

Freq. Range Mc.

Volts

Typical Operation

Beam
Volts

Beam
Ma.
(max.)

Cathode

Ma.

R.
F. Driving
Power
Watts ,

Output Watts

1.6

Fig. 59

Reflex Oscillator*

1000

90

80

0

-300

70

•—

1.-2

6.3

1.6

Fig. 58

Oscillator-Amplifier *

2000

150

450

0

---•

125

1-3

10-20

1250-6000
•—•

—

.--

Reflex Oscillator

350

••••-•

—•

Reflex Oscillator

350

---•

—.

45

—

300

-100/-175

20

—

0.150

—.

-1700/-2300

—

0.02
—

...—

—

Reflex Oscillator

350

Reflex Oscillator

300

550-3000

•-•-•

.-.-

---•

Reflex Oscillator*

1700

—

—

—

—

Reflex Oscillator

350

—

.—.

—

—

Reflex Oscillator

350

15

TABLE

71101P
Volts
-70

I

+10

0/-400

25

—

—

+10

0/-600

22

—

—

—

G2 and G3 voltage.
9 Forced-air coo ing required.
7

XIX - CRYSTAL TRIODES
Typical Operation
Emitter

Collector

Emitter

Mo.

Dissi p
ation

Ma.

Volts

Ma.

Z Ohms

Volts

4

200

10

-30

2

10000

0.2

M. Watts

—

—

Maximum Ratings
Collector

-155/-290

'Has dernountable tuning cavity.
Cathode current specified on each tube.

'Tuner required.
At max. ratings.

'Input frequency.
sOutput frequency.

0.140

—

550-3000

5837

.--—

22

SD1104

1250-6000

300

0/-600

45
.---

2190046100

—

+10

350

5836

—
--.

—

300

Reflex Oscillator

Fig. 63

—
—

---.

Reflex Oscillator

.--

0.65

25
20
30/
25

Fig. 61

•—•

6.3

0/400
0 / - 600
0/-400

0.65

.—.

2950-3275

+ 1
+ 1
+10

6.3

1250-6000

,

—.
—
—

1200-3750

CK703

Reflector
Volts

6.3

801103

2-6611

ControlElectrode
Volts

750-960

70711 ,

01059

Beam
Watts
(Max.)

27004300
550-3000

611M6

Amp.

Base
C
Hens

Cathode

I

Ma.

Z Ohms

Transom.
ductance
p.Mhes.

Power
Gain
Db.

Power
Output
M. Watts

0.75

500

5000

16

2

TABLE XX- CAVITY MAGNETRONS
Healer
Type

Band or
Range
Mc.

acts'

Volts

Amps.

Maximum Ratings

Anode
KV.

Anode
Amps.

Du t
y
Cycle

Typica IOperation
Input
Watts

Anode
KV.

Anode
Amps.

Field Pulse
Gauss
e
See.

.

P "'''

Peak
Pwr.
Output
KW.

RK2J22

1

3267-3333

RK2223

6.3

1.5

22.0

30.0

3071 , 3100

.002

600

1

6.3

1.5

20.0

22.0

30.0

30.0

.002

2250

265

1.5

20.0

1000

6.3

600

1.0

3047-3071

22.0

30.0

.002

600

275

1.5

20.0

1000

6.3

22.0

30.0

2400
2400

1.0

3019-3047
2992-3019

30.0
30.0

.002

20.0

1000

22.0

30.0

30.0

275

1.5

600

1.0

6.3

2400

600

22.0

30.0

275

1.5

20.0

1000

6.3

.002

1.0

0.0

1.0

22.0

20.0

275

1.5

600

1000

6.3

.002

2400

30.0

30.0

2400

1.0

1000

275

RK2224

1

RK2.125

1

RK2J26

1

RK2.127

1

RK2228

1

RK2J29

2914-2939

6.3

.002

1

1.5

600

22.0

20.0

.002

2400

1.0

1000

1.5

22.0

20.0

275

6.3

600

1

2860-2900

30.0

30.0

RK2230

30.0

30.0

.002

2400

1.0

1000

275

2965.-2992
2939-2965

RK2.131

2820-2860

6.3

1,5

600

1

22.0

20.0

30.0

600

1.0

285

22.0

285

1

.002

1900

1000

22.0

1900

.002

1900

1000

6.0

.012

2500

15.0

1

6.0

.002

Pkg.

5.7

.001

1

-

2000

6.3

--

1.0

9345-9405

6.5

Pkg.

2.142A

0.5

5.0

5.0

6.3

5.4

2000

'

200

1.0

9345 ,9405

8.0

3.0

2242

1.25

4.9

1000

6.3

200

1.0

3267-3333

8.0

10.0

RK2.139

1.25

11.5

285

1

6.3

200

1.0

3249-3263

12.0

30.0

RK2J38

13.5

20.0

285

1

1.3

600

1000

6.3

.002

1.0

9003-.9168

30.0

30.0

RK2J36

1.5

20.0

285

1

6.3

600

1.0

2700-2740

30.0

30.0

RK2.134

22.0

20.0

1000

1.5

600

1.0

6.3

.002

1900

2740-2780

30.0

30.0

2K2.133

1.5

20.0

1000

6.3

.002

1

2780-2820

30.0

1900

RK2J32

0.5

8.0

7.0

-.,

.001

4800

---

2.5

--

8.7
14

9310-9320

6.3

---

16.0

-.

.002

6500

12.0

12.0

58.0

1.5

180

1000

6.3

.0012
.002

1.0

3123-3259

16.0

2

16.0
14.0

5400

RK2254

1.0

12.0

50.0

1

12.0

1000

6.3

180

1.0

L.'40-8890

.0012

4850

RK2250

16.0

12.0

35

16.0

12.0

--

6.3

230

2.5

93M-9160

1.0
1.0

16.0

1

5400

250

11.6

1.0

1000

12.5

58.0

8K7-148
RK2249

15.0

RK2.155

1

9345-9405

6.3

1.0

16.0

12.8

1.5

12.8

12.5
12.5

1.0

2845-2905

6.3

1.5

400

2000

6.3

.001

1.0

2795-2855

25.0

.001

1700

400

1.0

8.0

1000

RK2,168

20.0

25.0
25.0

1300

/

20.0

12.5

RK2J67

10.2
18.0

35.0

/

250

2000

RK2266

.002

1300

50.0

1.5
1.5

10.7

2

6.3

250

2000

2914-3010

.002

1.0

RK2J62A

15.0
15.0

1450

50.0

2

15.0
15.0

10.5

1000

1.5

600

1.0

6.3

.002

Pkg.

RK2261A

22.0

12.0

50.0

6.3

180

1000

2992-3100
3300-3100

.001

1.0

/

16.0
15.0

1400
Pkg.

RK2,158

16.0

12.0

45.0

1.0

180

2000

6.3

.001

1

921S-9275

16.0

1.0

RK2256

25.0

2

RK2J69

2

3231

'

2745-2805

6.3

1.5

20.0

2695-2755

25.0

.001

6.3

1.5

400

20.0

18.0

25.0

25.0

23744-24224

6.0

.001

400

1.9

18.0

15.0

25.0

14.0

.0005

---

---

---

28.0
28.0

70.0
70.0

RK4231

1

2860-2900

16.0

3.1

33.0

RK4J32

70.0

2820, 2860

.001

16.0

1200

1

3.1

33.0

70.0

.001

1200

low

35.0
150

1
50

1700

1.0

600

1.0

.---

54

2700

1.0

400

900

2700

1.0

400

900

1000

150

1000

150

RK4.133

1

2780-2820

16.0

3.1

RK4234

30.0

2740-2780

70.0

.001

16.0

12(10

1

3.1

28.0

30.0

70.0

70.0

2700

1200

28.0

1.0

900

70.0

70.0

400

16.0

.001
.001

2700

1200

28.0

1.0

400

900

70.0

.001

2700

1200

1.0

28.0

70.0
70.0

400

900

70.0

.001

1200

2500

28.0

1.0

70.0

400

2500

730

1.0

400

750

RK4.135

1

2/00-2740

RK4.136

1

3650-3700

16.0

1K4207

1

3600, 3650

16.0

3.1 _ 30.0
3.1
30.0
3.1
30.0

11K4238

1

8K4239

3550-3600

16.0

3.1

30.0

3500-3550

70.0

.001

16.0

1200

3.1

28.0

30.0

70.0

.001

750

30.0

70.0

41)0

3.1

28.0

1.0

16.0

1200

2500

3450-3500

70.0
70.0

.001

1200

2500

28.0

1.0

70.0

400

2500

750

1.0

400

750
750

RK4240

.

RK4241

1

3400-3450

16.0

3.1

RK4J43

30.0

2992-3019

70.0

.001

16.0

3.1

1200

1

30.0

28.0

70.0

70.0

.001

2500

1200

1.0

28.0

70.0

400

2700

1.0

400

900
900

RK4J44

.

2965-2992

16.0

3.1

4250

3).0

9345-9405

70.0

13.6

.001

3.5

1200

1

23.0

28.0

27.5

70.0

.004

2700

--

1.0

-

--

400

0.5

--

4252

1

9345-9405

12.6

1.9

RK4253

16.0

2793-2813

15.0

.002

16.0

3.1

--

1

--,

30.0

---

70.0

.001

6300
5000

1200

28.0

6.0

---

70.0

300
120

2700

1.0

400

900

RK4.1.34

.

3./3-

25.0

35.0

.001

12.6

3.75

650

1

6875-6775
6775-6675

12.6

RK4255

25.0

17.5

30.0

1.0

25.0

35.0

30.0

.001

Pkg.

200

3.75

17.5

1000

12.6

650

1

6675-6575

.001

Pkg.

RK4256

35.0

650

1.0

200

RK4257

6575-6475

12.6

3.75

17.5

1

30.0

.001

1.0

I2.6

3.75

650

1

6475-6375

35.0

Pkg.

RK4.158

25.0

17.5

1000
1000

17.5
17.5

30.0
30.0

1000

RK725A

,

9345-9405

.004

Pkg.
Pkg.

1.0

1

3./5
3.3

650
6; 0

1.0

I2.6
I3.6

.001
.001

Pkg.

6375.-6275
900.s-9168

35.0
35.0
27.3

30.0

RK4259
4.178

25.0
23.0
23.0

6.3

16.0

16.0

.001

180

12.0

12.0

1.0
1 Fixed-f
reauencv-Pulw3d

V59

6300

1.0
0.5

5400

1.0

200

200
1000 200
1000 200
300 1000
50.0W

he
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In the following pages is a catalog
file of products of the principal manufacturers and the principal distributors
who serve the radio field: industrial,
commercial, amateur. All firms whose
advertising has been accepted for this
section have met The American Radio
Relay League's rigid standards for
established integrity ; their products
and engineering methods have received the League's approval.
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12. permeability- tuned
IF circuits for
highest skirt selectivity!

11110-50T11 $383 50*

(
Ircludes
A, B C D. 1.7-30 rm.)

(Less Specked

2o

40 db. Negliele drift after worm- up. Micrometer dial for
logging. Provision for crystal calibrator unit. Variable ant.
trimmer. Lively S- meter. Min. tubes in front end and high
freq. osc. Osc. circuits not disabled when receiver in send
positioc. High-fidelity push-pull audio (± 2db 50-15,000 cps.)
with phono jack. 13f0 switch separated from BFO freq.
control. Illemination dimn-er control. Accessory socket for
Select-O-Ject.
CONTROLS: Bandswitch, Oscillator, Tone, Ant. Trimmer,
Dimmer, AVC, Limiter, AF Gain, Calibration, CWO, Phasing,
Selectivity, On-Off, RF gain, AM NFM-PHONO.
TUBE COMPLEMENT: 6846, 1st ri; 6BA6, 2nd r.f.; 611E6,
mixer; 4C4 h.£. oscillator, 6K7, 1st i. 0.; 65G7, 2nd i.f.; 6$G7,
3rd If.; 6K6 det. & a.v.c; 6H6, c.n.I.; 65.17, 1st audio; 65N7,
phase splitter and S- meter amp.; 6V6GT ( 2) p.p. audio;
5V4G, red.; 6.17, b.f.o.; OB2, volt. reg.
SIZE: Table 19 3/
4" wide x 10 1
,,B" high x 16 1/
z" deep. Rack:
19" wide x10 1
2 « high x 17 7
/
/16" from rear of front panel incl.
11/
8"handle.

. 16.1•66I

tr

ACCESSORIES: SOTS or RS ( 10' PM Speaker), $ 16.00;

0,1 filrer!

Here's National's answer to today's crowded
bands!

Employing

3 I.F.

stages

and

12

permeability- tuned I.F. circuits ( 4 per stage),
in addition to a crystal filter, the HRO-5071

..50 SC-2 ( Speaker Coil Compartment), $ 49.75; 50.1-3
(Select-O-Ject), $ 28.75; 6505 ( Vibrator Pack-6 V.), $ 75.00;
MRR-2 ( Toole Relay Rack 29 - High), $ 16.85; 50 x CU- 2
000/1000 Kc xtal Colibeator), $24.50; NFM 83-50 ( NBFM
Adaptor), $ 17.95; E and F coils ( 900 — 2050 Kc and
480 960 Kc), $ 16.35 each. Other coils available covering
50 Kc to 430 Kc, 21.0 to 21.5 mc Bandspread, 27-30 mc
Bandspread, and 25 to 35 mc
*Slightly

higher west of the Rockies.

attains the highest degree of skirt selectivay
ever achieved in a general communication
receiver without narrowing nose selectivity!
And, of course, it retains all the time- listed
features of the world-famous HRO series.
COVERAGE: 50-430 kc., 480 kc.-35 mc. Voice, CW. NFM
(with adaptor).
FEATURES: Edge- lighted, direct frequency- reading scale
with one range in view at a time. 4 I.F. stages employing 12
permeability- tuned circuits. Built-in, isolated heavy-duty power
supply. Sensitivity of I mv. or better at 6 db. sig. none.
Selectivity variable from 8 kc. overall to app. 1200 cps. at

4

DIRO-50CI ( HRO-50R1
re.eiver with rack,
speaker and
10-coil
compartment. Coils A,
B, C, D included.)
NOTE: AVAILABLE IN
SMOOTH GRAY ONLY

every wanted feature from
2-stage RF to push-pull audio!

NC-1831 27900*
(Less Speaker)

COVERAGE: Continuous from 540 kcs. to 31 mcs. plus 48 to
56 mcs. for 6- meter reception.
The NC- 183R and matching
speaker with black wrinkle
finish ( shown in convenient,
professional- looking rack).
$295.00 (with Speaker)

FEATURES: Two tuned R.F. stages. Voltage regulated osc.
cod BFO. Main tuning dial covers range in five bands. Bandspread dial calibrated for amateur 80, 40, 20, 11-10 and
6- meter bands. Bandspread usable over entire range. Sixposition crystal filter. New- type noise limiter. High fidelity
push-pull audio. Accessory socket for NFM adaptor or other
unit, such as crystal calibrator.
CONTROLS: CWO Switch, CWO pitch, Tone, AF Gain, Main
Tuning, Bandspread, Ant. Trimmer, Bandswitch, Send- Receive,
Phono-Radio, Selectivity, Phasing, Limiter, RF Gain.
TUBE COMPLEMENT: Uses 2-65G7 R.F.; 16$A7 1st det.;
1-615 osc.; 2-65G7 IF.; 1-6H6 2nd det.; 1-6SJ7 B.F.0.;
I-6AC7 A.V.C.; 1-6H6 noise limiter; 1-65.17 A.F.; 1-615 phase
inv.; 2-6V6GT aud. out.; 1-VR-150 volt. reg.; 1-5U4G rect.

ACCESSORIES: NC- 1831S (Table) or RS ( Rack) 10" PM
Speaker, $ 16.00; NFM 83-50 Narrow Band FM adaptor,
$17.95.
*SI-ghtly ‘ligher west of the Rot kies.

incorporates famous SELECT-O-JECT
for u.iheard-of
selectivity at the price!

NC-125 lell4913.1111111111
(Less Speak

COVERAGE: 560 kcs. to 35 mc. in 4 bands. Voice or CW„
FEATURES: Edge- lighted direct- reading scale with amateur,
police, foreign, ship frequencies clearly marked. Sensational
National Select-O-Ject built-in. Exceptional sensitivity on all
bands. Lively S- meter reads 59 to 50 mv. signal. AVC, ANL,
jack for phono or NFM adaptor, volt, reg., stabilized osc.,
audio essentially flat to 10,000 c.p.s.
CONTROLS: Main Tuning, Bandspread; Freq. ( S01), Boost
(S0J), Send- Receive, Pitch, CWO-MVC-AVC-ANL, AF Gain,
Tone, Trimmer, Bandswitch, RF Gain.

TUBE COMPLEMENT: 65G7 RF amp., 6SB7-Y osc.-mixer,
6SG7 kt IF, 6SG7 2nd IF, 61-16 2nd det-AVC-ANL, 6$L7GT
phase shifter, 6SL7GT 6°00- reject aud. amp., 6SL7GT 1st
aud.-CWO, 6V6GT aud. ontput, OD3JVR-150 volt. reg.,
5Y3GT rect.

ACCESSORIES: NC- 125TS Speaker, $ 11.00, NFM-73 ( Narrow
Band FM adaptor), $ 18.95.

*Sli g ht y higher west of the Rockies.

NATIONAL COMPANY, INC., 61 SHERMAN ST., MALDEN, MASS.
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The

outperforms receivers twice the
size and twice the price!

•

COVERAGE: Entire frequency range from 540 kc. to 30 mc.

Volume, Receive- Standby, Bandswitch, AM-CW, Speaker,

in 4 bands. Voice, music or code.

Phonies.

FEATURES: Sensitive and selective superhet circuit, using new

TUBE COMPLEMENT: 1213E6, converter; 12BA6, CW osc. —

miniature tubes. Slide rule general coverage dial with police,

IF amp.; 12AV6, 2nd det.-lst aud. — A. V. C.; 5005, audio

foreign, amateur and ship bands clearly marked. Unique

output; 35Z5, rectifier.

plastic bandspread dial is adjustable to assure

logging

accuracy over entire range. Built-in speaker and power supply.
CONTROLS: Main tuning and Bandspread, On-Off and

SIZE: 11* wide, r high, 7" deep.
*Slightly higher west of the Rockies,

most popular

and versatile receiver
in the VHF field

1

s14200*

(
Incwlued
ri
n
s
u
g
pa
pl
l
ycoi
l
$1
2
s
2
).43*

Here is the perfect answer to the need for compact, depend-

Two- gang Main Tuning Capacitor, panel- controlled Antenna

able and versatile VHF reception. Ideal for civil defense work

Trimmer Capacitor and 6 sets of plug-in coils tune the receiver

as a fixed or mobile receiver. Can be used as a complete

in six bands. Power furnished by separate unit. Also operates

receiver in itself or as a VHF converter with any receiver

with combination of " B" and storage batteries or 6 volt

tuning to 10.7 mcs. As converter, makes features of connected

vibrator-type supply. Wt. 25 lbs.

receiver usable on VHF. Covers entire high frequency spectrum
from 27 mcs to 250 mcs in 6 Bands — receives AM, FM and
CW with amazing selectivity and sensitivity.

*Slightly

higher west of the Rockies.

NATIONAL COMPANY. INC., 61 SHERMAN ST., MALDEN, MASS.

odd amazing
new selectivity to
your present receiver!

seleet-o-ject

e28 75

Set SELECT-O-JECT for REJECT, tune by ear and — presto! —

over 100 to 1 frequency range with a single rotation of the

an annoying heterodyne or other unwanted signal practically

tuning knob! Excellent as a code practice oscillator! Effective

disappears without materially affecting the wanted signal!

on any frequency from 80 c.p.s. to 9,000 c.p.s.! Easily con-

Set

nected to any receiver having 6.3v. and filtered B-1- supply

SELECT-O-JECT

for

BOOST, tune — and

presto! — a

selected c.w. signal rises above background noise and inter-

available.

fering signals! Can also be used as audio oscillator having

exceptionally high gain
and uniform bandwidth
on all channels!

V booster $39 95 *
Adds a stage of RF amplification to average TV set. If signal

bandwidth ors all channels. Housed in smart metal cabinet

is low, but perceptible, this booster will aid materially in

finished in special wear- resistant mahogany enamel.

increasing brightness and definition.
Utilizes turret tuner for exceptionally high gain and uniform

commercial

*Prices

slightly higher west of the Rockies.

iuipiient

designed and built to
your most exacting specifications
Both the government and industry have repeatedly called on
Notional engineers and craftsmen to design and build specialized radio-and other electronic equipment. This equipment,
when produced, has more than met the most exacting specifications and is, today, operating dependably all over the
world.

EXPORT INQUIRIES
on all National products — television, communication receivers,
commercial equipment
and components —
should be addressed
to Export Div., Dept. HE.

lf you use or need electronic equipment, why not consult
National? Address inquiries to the Commercial Division.
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POPULAR

COMPONENTS

HRT (
gray or black)
The HRT knob is 21
/8" in dia.
and fits 1
/
4" shafts. This knob has
a chrome appearance circle and
combined with the HRS series
shown below gives the new look
to panel layouts.
HRS ( gray or black)'
The HRS series knobs are a popular easy to grip knob. They are
molded of high quality plastic
and have I%" dia, chrome plated
bevel skirts fit 1
/ " shafts avail4
able in the following scales:
HRS-I

ON- OFF

through

HRS-2

5-0-5

through 180°

HRS-3

0-10

HRS-4
HRS-5

30°

through 300°
Single etched line

0-10

through 180 °

HRT and HRS knobs can be sup-

plied in quantity in any color.
HR (
gray or black)

An HRS type knob without the
chrome plated skirt but with a
white dot for spotting relative control settings.
HRB
Ideal for bandswitching or other
applications where a switch is
turned to several index positions,
the new HRB lever knob has just
the right feel — a bright zinc
alloy die casting.
HRM
Small knurled brass knob, satin
chrome finish, arrow head black
filled. Two 4-40 Allen set screws
used.
SB
A nickel plated brass bushing
dia. ( Fits 1
4 " shaft).
/

V2"

ODL
A locking device which clamps the
rim of 0, K, L and M Dials.
Brass, nickel plated.
ODD
Vernier pinch drive for O. L. or
other plain dials.

8

RSL ( fits 1
4 " shaft)
/
Rotor shaft lock for TMA,
and similar condensers.

NATIONAL COMPANY. INC., 61

SHERMAN

DP- I
Chrome- plated dial pointer
DP-2
Diamond head dial pointer
AN Vernier Mechanism
A vernier mechanism ratio 5-1
an insulated output shaft cour
for 1
4 " shafts.
/
Drive Shaft
3/16" knob.
AVD Vernier Mechanism
Similar to AN- Output shaft ci
ling is non insulated.
For commercial uses many v,
fions available. Write for fur
particulars.
R
This small dial has a 15
/
8"
scale calibrated 0-10 in 180°
increased reading with clock
rotation. Black bakelite knob.
1
/
4" shaft.
VD- I6
National's popular dial knob. S.
as used on type N knob. Fits
shaft.
VD- 16A
Same as above but fits 3/16" sh
HRP-P
Black bakelite knob 11
4 " long
/
wide. Equipped with poin
Especially suitable for use on w,
and other rotary switches on ;
oratory equipment and the I
(Fits 1
/ " shaft).
4
1
/2"

HRP
The type HRP knob has no poir
but is otherwise the same as
knob above. Recommended for
calibrated or hard- tuning contr
(Fits 1
/ " shaft).
4
HRK
Black bakelite knob 2%" dial
extremely rugged. This is the kr
used on National type 0 and t‘
L dials.
HRT-M

TMC

This is asmaller version of the H
Available in choice of gray or bl
— is 1- 7/16" in diameter.

ST., MALDEN, MASS.

COMPONENTS

POPULAR
ial

Type M, same as K except 5" die.,
scale 2 only.

Dial
four- inch N and AD Dials have
ne divided and die stamped
ks respectively. The N Dial has
kcimal vernier: the AD Dial ems a pointer. The planetary drive
a ratio of 5 to I, and is conkd within the body of the dial.
, 4, 5 or blank scale. Fits 1
/"
4
. Specify scale.
al
vet Vernier" Dial, Type B, has a
pact variable ratio 6 to 1 min.,
I max. drive that is smooth
trouble free. The case is black
.lite. 1 or 5 scale. 4" dia. Fits
shaft. Specify scale.
Dial
BM Dial is a smaller version of
B for use where space is limiThe drive ratio is fixed. Algh small in size, the BM Dial
the same smooth action as the
sr units. 1 or 5 scale. 3'' dia.
I
/4 - shaft. Specify scale.

The dials at the right are for individual calibration: all four employ
the noted 5:1 drive ratio Velvet
Vernier mechanism and are of excellent quality.
MCN Dial
The MCN dial has been scaled down
to lend itself ideally to mobile installations and small converters and
tuners. It may also be mounted on
the standard 31
/ '' rack panel where
2
such mounting may be desirable.
The dial provides three calibrating
scales and a 0-100 logging scale.
On the rear side of the dial, the
mechanism extends 1
/ " below the
4
dial frame. 23
/ " H. x 7
4
8 W.

Dial
original " Velvet Vernier" mechm in a metal skirted dial 3" in
ratio 5 to I. It is available
2, 3, 4, 5 or 6 scale and fits
shaft.
ial
new P dial is the same as the
except direct drive.
0, 31
2 " dia.,
/
scale
knob, fits 1
4 " shafts.
/

2,

with

(-0, same as type 0 dial but
e gray HRT knob.
f- N, same as above, but using
.k HRT knob.
e L, same as 0 except 5" dia.,
e 2 only.
e K, same as 0 except less knob,
plete with ODD vernier drive,
e 2 only.

MCN

3
/-

SCN Dial
The SCN dial provides the same
dial scales as the ACN dial but in
a reduced size. It is used where
economy of panel- mounting space is
desirable and where a smaller dial
would be out of proportion with
the size of the panel. 4- 7/16" H x
61/4" W.
ICN Dial
The ION dial meets those hundreds
of requests from amateurs the world
over for an illuminated ACN dial.
Two dial lights mounted on the top
corners of the dial provide efficient
and even illumination on all bands.
The dial window has been blanked
out in semi- circular shape to prevent shadow casting. Dial scales are
the same as those used on the ACN
dial. 51
/ " H. x 71
2
/ " W.
4
ACN Dial
The ACN is the original of this type
dial, a National design for the benefit of experimenters who " build their
own" and desire direct calibration.
5" H s 71
/
4 " Ve•

DIAL SCALES
Rotation

5
6

0-100-0
0-100
100-0
150-0
200-0
0-1 50

Direction of Condenser Rota•
t
i
on for increase of dial reedins

180
Either
180 Counter Clockwise
180"
Clrxkwise
270'
Clockwise
360'
Clockwise
270'
Counter Clockwise

NATIONAL COMPANY, INC., 61 SHERMAN ST., MALDEN, MASS.
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POPULAR
XLA
A low- loss socket for the 6F4
and 950 series acorn tubes
for frequencies as high as 600
Mc. Conventional by-pass condensers may be compactly
mounted between the contact
terminals and the chassis. Low
contact resistance, short and
direct leads and low and constant inductance are features.

TURRET SOCKET
ASSEMBLIES
TSA-I, TSA-2 Designed for
our 7- pin and 9- pin miniature
tube sockets. Permits compact
sub- assembly wiring at base of
socket. Cadmium- plated brass
center support has a standard length of two inches.
Silver-plated
brass
terminal
studs. Available either with
holes through which leads can
be drawn, or with solid studs.
Center supports of varying
lengths and other types of
terminals can be supplied to
manufacturers in quantity.
XOA-7 ( mica- filled bakelite)
XOR 7 ( mica- filled bakelite)
These high quality sockets for
the 7 pin miniature tubes have
silver plated beryllium copper
contacts that correctly grip
the tube pins close to the
base of the tube to provide
the short leads and low inductance so necessary in ultrahigh frequency design.
A novel feature of these new
sockets is the interchangeability of the contacts, which
are easily removed for replacement. This permits the
use of a mixture of axial
(XOA)
and
radial ( XOR)
type contacts in the same
socket to obtain the shortest
possible leads, or minimum
size in tight places. The above
sockets all mount with two
4-40 screws on . 875" centers.
Chassis cutout should be 34"
dia. Shields for use with these
sockets are available.
XOA-9 (
mica- filled bakelite)
XOR 9 (
mica- filled bakelite)
These sockets are for the new
9- pin
miniature
tubes. The
XOR 9 ( not illustrated) has
radial contacts. Each has all
of
the
features
described
above for the 7- pin types
and they also mount with 4-40
screws. Mounting center dimension is 1
1
/8", the chassis
cutout should be 13/16" dia.
IC SERIES MINIATURE
TUBE CLAMPS
Easy to assemble — just two

COMPONENTS
pieces — a spring clip and a
base of stainless steel. Base
mounts in same holes, using
same screws or rivets, as sockets. Easy to remove tube,
simply snap off spring clip.
Made to government specifications. Types available for all
standard miniature tubes.
Type No.

TC- I
TC-2
TC-3
TC-4
TC-5
TC-6

Tube Body
Length
11/
8"

1
1
/2"

'/e "

1

1-9/16"

Type
Socket

7- pin
7- pin
7- pin
9- pin
9- pin
9- pin

CIR SERIES SOCKETS
Any Type
Always a popular National
component, type Cl R Sockets
feature low- loss steatite insulation, a contact that grips
the tube prong for its entire
length, and a metal ring for
six position mounting.
XC-4, 5, 6, 75, 7L and C1R-4,
5, 6, 7S and 7L all have
1-27/32"
mounting
centers.
CIR-8E has slotted holes in
plate
but
will
mount
on
1-27/32" censer. CIR-8 and
XC-8
have
1
1
/2" mounting
centers.

XC SERIES SOCKETS
XC-4,
XC-5,
XC-7L, XC-8

XC-6,

XC-7S,

National wafer sockets have
exceptionally good contacts
with
high current capacity
together with low loss steatite
insulation. All types have a
locating groove to make tube
insertion easy. The XC-6 is
ideal for use with AR- 17 coils.
HX-29 A low- loss wafer socket
with steatite insulation for the
popular 829 and 832 tubes.
JX-5I
A low loss steatite
wafer socket for the 813 and
other tubes having the Giant
7- pin base. ( not illustrated)
XM-I0 A heavy duty metal
shell socket for tubes having
the XU 4- pin base.
XM-50 (
see XM-I0 for style)
A heavy duty metal shell
socket for tubes having the
Jumbo
4- pin
base (" fifty
wafters").
HX-I 00 A low loss wafer socket
suitable
for
the
type
4- I25- A, 4-250-A and other
tubes using the Giant 5- pin
base. Shield grounding clip
are supplied which mount on
the chassis with the socket
mounting screws to ground
the tube shield at three points.
Air holes are provided in the
socket to permit forced air
cooling.
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SHAFT COUPLINGS
TX- 19
A steatite insulated flexible
coupling for 1
4 " shafts. Con/
servatively rated at 5000
volts peak. Diameter 1
3
/
8",
length I". Length and flashover voltage can be increased by turning collars
outboard.
TX- II
The flexible shaft of this
coupling connects shafts at
angles up to 90 degrees, and
eliminates misaiigrment problems. Fits 1
/
4'' shafts. Length

TX-9
This small insulated flexible
coupling provides high electrical efficiency when used
to isolate circuits. Insulation
is steatite. 15/
8" diam.
Fits
/ " shaft.
4
1
TX-2I ( Not illustrated)
Similar
to
TX- I0
except
13/16" long and couples 1
4 "
/
shaft to 5/32'' shaft.

SAFETY GRID AND
PLATE CAPS

41
/
4".

SPP-9

TX- 12, Length 45/
8"

Ceramic
insulation.
9/16" diameter.

TX- 13, Length 71
4 "
/
These couplings use flexible
shafting like the TX- 11 above,
but are also provided with
steatite insulators at each
end.
TX- I, Leakage path I"
TX-2, Leakage path 21
2 "
/

SPP-3
Ceramic insulation. Fits 3/
8"
diameter.
National
Safety
Grid and Plate Caps have a
ceramic body which offers
protection against accidental contact with high voltage
caps o, tubes.

Flexible couplings with glazed
steatite insulation which fit
/ " shafts.
4
1

GRID AND PLATE

TX-23

GRIPS

A deluxe insulated flexible
coupling designed for co,
pling 1
/ " shafts. Will handle
4
a maximum radial misalignment of 1/16" also 2 degrees
maximum angular misalignment.
TX-24
Same as
5/32".

TX- 23,

shaft

size

TX-25

Fits

Type 12, for 9/16" Caps
Type 24, for 3/
8" Caps
Type 8, for /
4 " Caps
1
National
Grid
and
Plate
Grips provide a secure and
positive contact with the
tube cap and yet are released easily by a slight
pressure on the ear.

Same as TX- 23, non- insulated.
TX- 8
A non- flexible rigid coupling
with steatite insulation. 1"
diam. Fits 1
/ " shaft.
4
TX- 10
A very compact insulated
coupling free from backlash.
Insulation is canvas bakelite.
1-1/16" diam. Fits 1
4 '' shaft.
/
TX- 10F ( Not

illustrated)

A new version of the TX- I0
which employs thin canvas
bakelite strips for flexibility.
TX- 22 ( Not illustrated)
A
non- insulated
coupling
identical to TX- 10 except of
all metal construction. Makes
good electrical connection
between coupled shafts.

RIGHT ANGLE
DRIVES
ACD-I, ACD-2, ACD-3
These sturdy drives were developed for use with the new
National AMT condensers.
They are as compact as the
torque requirements will allow and have nickel plated
cast frames and bronze gears
which operate smoothly without chatter or binding. The
ACD-1 has 32 pitch gears
and a 1
/ " dia, dial shaft
4
and drives 1
/ "shafts. ACD-2
4
has 24 pitch gears ( for
heavier service)
and
/"
4
1
dia, shaft driving 1
/ '' shafts.
4
ACD-3 is the same as ACD-2
except that it drives 3
/
8"
diameter shafts.
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R-100, R- 100U, R- 100S,
R-100ST
These RF chokes are identical electrically, but differ
in mounting provisions. The
R- I00 employs pigtail leads:
the R- 100U has pigtail leads
and a removable stand-off
insulator; the R- 100S has
cotter- pin lug terminals and
a non- removable
stand-off
insulator; the R-10051 has
a 6-32 threaded stud at
each end. These chokes are
available in 2.5, 5 and 10
millihenry sizes and are rated
at 125 milliamperes.
R-33
The R-33 series chokes are
2- section RF chokes available in 10, 50, 100 and 750
microhenry sizes. Also available in this series is a single
layer solenoid choke of I
microhenry inductance. All
are rated at 100 milliamperes.
The chokes are wound on
a 5
/
8" long form and range
in diameter up to 5/16"
maxim urn.

R-300, R- 300U, R- 300S,
R-300ST
These RF chokes are similar
in size to R- I00 series but
have higher current capacity. The R- 300U is provided
with a removable stand-off
insulator at one end. The
R-3005 has a non- removable
stand-off insulator and cotter- pin lug terminals. The
R-300ST has a 6-32 threaded
stud at each end. Inductance values of 0.5, 1.0, 2.5
and
5.0
millihenries
are
available with a current rating
of
300
milliamperes.
R-300, R- 300U, R-3005 and
R-300ST are identical electrically.

R- I
52
For use in the range between 2 and 4 Mc. Ideal
for high power transmitter
stages operated in the 80
meter amateur band. Inductance 4 rn.h., DC resistance
10 ohms, DC current 600
ma. Coils honeycomb wound
on steatite core.

R-50
The R-50 series chokes are
3 and 4- section RF chokes
available in 0.5, 1, and 2.5
millihenry sizes. They are
rated at 100 milliamperes.
The chokes are wound on a
1" long form and have a
maximum diameter of 15/32".

R-50- I
A 10 millihenry choke wound
on an iron core.

R- I
54, R-1 54U
For the 20, 40 and 80 meter
bands, Inductance I m.h.,
DC resistance 6 ohms, DC
current 600 ma. Coils honeycomb
wound
on
steatite
core. The R- 1
54U does not
have the third mounting foot
and the small insulator, but
is otherwise the same as
R- I54. See illustration.

R-175

R- 33G
The R- 33G choke is a 2section 750 microhenry RF
choke hermetically sealed in
glass with a current rating
of
33
milliamperes.
The
choke body is I" long by
5
/
8" diameter.
R-60
The R-60 choke is a high
current RF choke ( 500 milliamperes)
available in 2
and 4 microhenry sizes. The
choke is II/8" long by 5/16"
diameter.

The R- 175 Choke is suitable
for parallel- feed as well as
series- feed
in
transmitters
with plate supply up to 3000
volts
modulated
or 4000
volts
unmodulated.
Unlike
conventional chokes, the reactance of the R-1 75 is
high throughout the 10 and
20 meter bands as well as
the 40 and 80 meter bands.
Inductance 225 ph, distributed
capacity
0.6
mmf.,
DC resistance 6 ohms, DC
current 800 ma., voltage
breakdown to base I
2,500
volts.

Manufacturers: We have facilities for quantity production
of RF chokes
specifications.

of

practically

any

type.

Send

us

your
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I. F. TRANSFORMERS
IFC, Transformer,
IFCO, Oscillator,
Litz coils wound on a polystyrene form and ceramic insulated air- dielectric trimming
condensers make these transformers inherently stable and
exceptionally retentive of tuning. The 41
/ " x 23/
2
8" x 2"
shield can has two 6-32 spade
bolts for mounting. Available
for either 175 KC or 450-550
KC. Specify frequency.
IFL FM Discriminator
IFM IF Transformer
IFN IF Transformer
IFO FM Ratio Discriminator
IFL, IFM, IFN and IFO transformers operate at 10.7 Mc.
and are designed for use in
FM Superheterodyne receivers. Coils are precision wound
on grooved polystyrene forms
and tuning is accomplished by
movable iron
cores.
Bandwidth
is
not
affected
by
tuning slug position. The transformer cans are 1
3
/
8" square
and stand 31
/8" above the
chassis. Two 6-32 spade bolts
are provided for mounting.
The IFL transformer is a 10.7
Mc. FM discriminator transformer suitable for use in conventional FM receiver discriminator circuit and is linear
over a band of ±- 100 Kc.
The
IFM transformer is a
10.7 Mc. IF transformer with
a 150 Kc. bandwidth at 1.5
db attenuation. Approximate
stage gain of 30 is obtained
with
IFM
Transformer and
6SG7 tube.

The IFN transformer is a 10.7
Mc. IF transformer with a
100 Kc. pass band at 1.5 db
attenuation. Approximate stage
gain of 30 is obtained with
IFN transformer and 6SG7
tube.
The IFO transformer is a 10.7
Mc. FM discriminator transformer of the ratio type and is
linear over a band of ± 100
Kc.
IFR. Low-priced quality IF
transformer. 455 kc. 23
/
8" high
xI
l/g" square.
IFS. Same as IFR but 1720 kc.
15 Mc. IF transformers suitable for ultra high frequency
superheterodynes.
They
are
made in two models with
and
without variable
coupling. Approximate stage gain
of 10 is obtained with IFJ or
IFK Transformer and 6AB7
tube.
IFJ,

with

variable

coupling

IFK, with fixed coupling
SA:4842
A 456 kc. discriminator transformer for narrow band frequency modulation. Two slugtuned
secondaries are employed and discrimination is
accomplished
by resonating
one at approximately 10 kc.
above, the other at approximately 10 kc. below the center
frequency of the i.f. channel.
CD- I, 1/4 pint can
Liquid Polystyrene Cement —
is ideal for windings as it will
not spoil the properties of
the best coil form.

COILS AND COIL FORMS
AR- 2 H.F. Coil

XR-5I same but with brass slug

AR-5 H.F. Coil
The AR- 2 and AR- 5 coils are
high Q permeability tuned
RF coils on low loss mica- filled
bakelite forms. The AR- 2 coil
tunes from 75 Mc. to 220 Mc.
with capacities from 100 to
10 mmfd. The AR- 5 coil tunes
from 37 Mc. to 110 Mc. with
capacities from
100 to 10
mmfd. The inductive windings supplied may be replaced
by other windings as desired
to modify the tuning range.

OSR
A
shielded
oscillator
coil
which tunes to 100 kc. with
.00041 mfd. Two separate inductances,
closely
coupled.
Excellent for interruption- frequency oscillator in superregenerative receivers.

XR-50
These mica- filled bakelite coil
forms may be wound as desired to provide a permeability tuned coil. The form winding length is 11/16" and the
form winding diameter is 1
/2
inch. The iron slug is 3/8 " dia.
by 1
/ " long.
2

NATIONAL COMPANY, INC., 61

CERAMIC
SLUG-TUNED
COIL
FORMS
XR-70 ( grooved for # I9 wire, with
iron slug)
XR-7I ( same, brass slug)
XR-72 ( not grooved, winding length
I", with iron slug)
XR-73 ( same, brass slug)
XR-60 ( grooved for #26 wire, with
iron slug)
XR-6I ( same, brass slug)
XR-62 ( not grooved, winding length
II/4 ", with iron slug)
XR-63 (
same, brass slug)
High-grade ceramic coil forms
conforming to JAN specifications.
May be wound as desired to provide a permeability- tuned coil.
Extra lugs provided.

SHERMAN ST., MALDEN, MASS.
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Coil Forms molded of R-39
mica- filled bakelite permitting
them to be grooved and
drilled. Coil Form diameter
I", length I1/2"•
XR-1, Four Prong
XR-2, Without Prongs
XR-3, molded of R-39
eter 9/16",
out prongs.

length

Diam-

3
/
4"

with-

1

COMPONENTS
RS Coil Shield
1-7/16" x 17
/
8" x 3
2 " high.
/
1
RO Coil Shield
2" x 23/
8" x 4
1
/8" high. National Coil Shields are formed
from a single piece of pure
aluminum. They are mechanically strong and have ample
thickness to mount small parts
on the walls, and include
spade belts, for chassis mounting.
T-78 Tube Shield
National Tube Shield type T-78
is a three-piece pure aluminum shield suitable for shielding glass tubes with ST- I2
bulb, such as the 6C6 and
6D6 tubes.

XR-4, Four Prong
XR-5, Five Prong
XR-6, Six Prong
Molded of R-39 permitting
them to be grooved
and
drilled. Coil Form Diameter
1
/ ", length 21
2
1
/
4 ". A special
socket is required for the XR-6.

JS- I Jack Shield
For shielding small standard
jacks mounted behind a panel,
or on the ends of extension
coils. Indispensable for reducing hum pickup.

T-78

National type XC-6C

SC, Crystal Sockets
The SC- 1, SC- 2, and SC- 3
are crystal mounting sockets
for crystal holders with mounting
pins
spaced
0.5000",
0.486", and . 750" respectively
and pin diameters of 1/8 " and
3/32" and 1
4 "
/
respectively,
steatite insulation. Single 4-36
or 4-40 screw mounting for
SC- I and SC- 2, single 6-32
screw mounting for SC- 3.

SC-4 Ceramic

crystal

socket

with clamp. Pin spacing . 500".
Pin dia. 1/32".

CFA
The National chart frame is
supplied with a celluloid sheet
to cover the chart size 21
/
4" x
31
/ " with sides 1/4" wide. Du4
rable finish.

XOS Tube Shields
The XOS tube shield is a twopiece shield for the miniature
Button 7 and 9 pin base tubes.
The shield contains a spring
which centers tube in shield
and holds tube and shield
firmly in place.
SHIELDS 7- pin SOCKETS
XOS-I fit 1-5/16" tube body
XOS-2 fit 1
2 " tube body
/
1
XOS-3 fit 2" tube body
SHIELDS 9- Pin SOCKETS
XOS-4 fit 1-5/16" body
XOS-5 fit 1
1
/2"tube body
XOS-6 fit 2" tube body
FXT Fixed tuned exciter tank
similar in general construction
to National I.F. transformers,
this unit has two 25 mmf.,
2000 volt air condensers and
an unwound XR-2 Coil form.
FXT ( Without plug-in base)

PB-10-5
5 Prong base and shield

FXTB-5 ( With 5 prong base)

PB-10-6
6 Prong base and shield

FXTB-6 ( With 6 prong base)

PB-10-A-5
5 Prong base only

CP-I, dark gray

PB-I 0-A-6
6 Prong base only

CP-2, black
A high quality air- drying paint
that may be applied with a
brush.

RZ Coil Shield
13/
8" square x 4" high.

CP:3, light gray, for spraying
and baking.

Paint ( not illustrated)

FIXED- TUNED
EXCITER TANK
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TYPE TMS TRANSMITTING CONDENSERS
sis a condenser

designed for transmitter use in low power stages. It is compact, rigid, and dependable. Provision has
an made for mounting either on the panel, on the chassis, or on two stand-off insulators. Insulation is steatite. Voltage ratis listed are conservative.
Capacity

Capacity

100 Mmf.
150
250
300
35
50

9.5
11
13.5
15
8
11

Minimum

Length

Peak
Voltage

Air Gap

No. of
Plates

Catalog
Symbol

SINGLE STATOR MODELS

3"
3"
3"

9
14
22
27
7
11TMSA-50

1000v.
1000v.
1000v.
1000v.
2000v.
2000v.

.026''
.026"
.026"
.026"
.065''
.065"

TMS-I00
TMS-I50
TMS-250
TMS-300
TMSA-35

DOUBLE STATOR MODELS
50-50 1v1 mi.
100-100
125-125
50-50

1000v.
1000v.
1000v.
2000v.

.026"
.026''
.026 .065''

66
77
8-8
10 5- 10.5

I

TM S-500
5-5
TN15-1000
9-9
T1.45-1250
11-1 I
TMSA-50D
11-11

TYPE TMK TRANSMITTING CONDENSERS
is is a new condenser for exciters and low power transmitters. Special provision has been made for mounting AR- I6 coils
aswivel plug-in mount on either the top or rear of the condenser. For stand-off or panel mounting- steatite insulation.
Minimum
cap „i ty

Capacity

1 Air Gap

Length

Peak
1 V oltage

No. of
Plates

Catalog
Symbol

7
9
13
17
25

TMK-35
TMK-50
TMK-75
TMK-100
TMK-150
TMK-200
TMK-250

SINGLE STATOR MODELS
7.5
8

35 Mmf.
50
75
100
150
200
250

10
10.5
11
11.5

35-35 Mmf.
50-50
100-100

7.5-7.5
8-8
10-10

9

236"
Va"
Dlii"

.047"
.047"
.047"
.047"
.047"
.047"
.047"

3"
3 W,

4i.i"
474 "

1500v.
1500v.
1500v.
1500v.
1500v.
1500v.
1500v.

33
41

DOUBLE STATOR MODELS
3 ,,

3V8"
44."

.047"
.047"
.047"

TMK-35D
TMK-50D
TMK-100D

7-7
9-9
17-17

1500v.
1500v.
1500v.

SMH

Swivel Mounting Hardware for AR 16 Coils

TYPE TMH TRANSMITTING CONDENSERS
k condenser that features very compact construction. Excellent power factor, and aluminum
,olished edges. It mounts on the panel or on removable stand-off insulators. Steatite insulators

Capacity

Minimum
Capacity

50 Mmf.
75
100
150
35

9
11
12.5
18
11

35-35 Mmf.
50-50
75-75

6-6
8-8
11-11

Length

Alr Gap

Peak
Voltage

plates .0400" thick with
have long leakage path.

No. of
Plates

Catalog
Symbol

15
19
25
37
17

TMH-50
TMH-75
TN4H-1 00
TN4H-1 50
TMH-35 A

9-9
13-13
19-19

TMH-35D
TMH- 50D
TN4H-7513

SINGLE STATOR MODELS
.085"
.085"
.085"
.085"
.180"

3

3.e"

5!,,,"

3500v.
3500v.
3500v.
3500v.
6500v.

DOUBLE STATOR MODELS
.085"

.085"
.085"

5

3500v.
3500v.
3500v,

TYPE TMC TRANSMITTING CONDENSERS
f‘ condenser designed for use in the power stages of transmitters where peak voltages do not exceed 3000 volts. The frame is
extremely rigid and arranged for mounting on panel, chassis or stand-off insulators. The plates are aluminum with buffed
edges. Insulation is steatite. The stator in the split stator models is supported at both ends.
Capacity

Minimum
Capacity

50 Mmf.
100
150
250
300

10
13
17
23
25

6"
6U"

50-50 belmf.
100--100
200-200

9-9
11-11
18.5-18.5

4%"
6Vo."
9g"

Length

Peak
1 AI, Gap 1 Voltage

Catalog
Symbol

No. of
Plates

SINGLE STATOR MODELS
3"

3%"
4%"

.077"
.077"
.077"
.077"
.077"

3000v.
3000v.
3000v.
3000v.
3000v.

7
13
21
32
39

I

TMC-50
TMC-100
TMC-1 50
TMC-250
TMC-300

DOUBLE STATOR MODELS
.077"
.077"
.077"

3000v.
3000v.
3000v.

7-7
13-13
25-25

TMC- 50D
TMC- 1COD
TMC-200D

NATIONAL COMPANY, INC., 61 SHERMAN ST., MALDEN, MASS.
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TYPE AMT
A larger and sturdier model of the TMK
condenser. The frame is extremely rigid,
with mounting feet a part of the end
plates. Heavy steatite insulation.
The solid aluminum tie bar across the
top of the condenser acts as a mounting for AR- I8 series coils in the double
stator models.
The double stator models are available
in either standard end drive ( D series)
or center- drive ( DG series) with I
/4"
dia. shaft extension.
TYPE TMA
This is a larger model of the popular TMC. The frame is extremely rigid and arranged for mounting on panel, chassis or stal
off insulators. The plates are of heavy aluminum with rounded and buffed edges. Insulation is steatite located outside of •
concentrated field.
Maximum
Capacity

1
I

Minimum
Capacity i

Length

, Ai
Air

Peak
1
Voltage

e
l No.
i
Plates

Catalog
Symbol

SINGLE STATOR MODELS
.177'
.177'

6000 v.
6000 v.

300
50
100
150
230
100
150
50
100

19.5
15
19.5
22.5
33
30
40.5
21
37.5

4918 '
4" 16 '
6713
"'
63V
9'(6'
934'
12' ,
s'
74'
1274'

.077'
.171'
.171'
.171'
.171'
.265'
.265'
.359'
.359'

3000 v.
6000 v.
6000 v.
6000 v.
6000 v.
9000 v.
9000 v.
12,000 v.
12,000 v.

75
150
100
50
245
150
100
75
500
350
250

25
60
45
22
54
45
32
23.5
55
45
35

18 1,6'
18' Is'
13s'
85(6'
18' e
13",e
10 1'18:
8' 16
18'16'
13 5'8'
10 ,, ,,'

.719'
.469'
.469'
.469'
.344'
.344'
.344'
.344'
.219'
.219'
.219'

20,000
15,000
15,000
15,000
10,000
10,000
10,000
10,000
7,500
7,500
7,500

DOUBLE STATOR MODELS

D

v.
v.
v.
v.
v.
v.
v.
v.
v.
v.
v.

End drive

9
17
>0

1

4'4'
6"4'

FOCMO

13
20

-‘

50 Mmf.
100

17
27
19
9
35
21
15
11
49
33
25

AMT- 50
AMT- 100
TMA-300
TMA-50A
TMA-100A
TMA-150A
TMA-230A
TMA-100B
TMA-150B
TMA-50C
TMA-100C
TML-75E
TML-150D
TML-100D
TML-50D
TML-245B
TML-1508
TML-100E1
TML-75B
TML-500A
TML-350A
TML-250A

DG - Center drive

50-50
100-100
50-50
100-100

13-13
20-20
13-13
20-20

93,,•
13.','
93,••
13' 8'

.177'
.177'
.177'
.177'

6000
6000
6000
6000

v.
v.
v.
v.

18
34
18
34

AMT- 50D
AMT- 100D
AMT-50DG
AMT-100DG

200-200
180-180
50-50
100-100
60-60
40-40

15-15
10-10
12.5-12.5
17-17
19.5-19.5
18-18

6¡¡'
12'4'
6741'
9"(8'
12"/'
127e

.077'
.140'
.155'
.155'
.249'
.343'

3000
4000
6000
6000
9000
12,000

v.
v.
v.
v.
v.
v.

16-16
24-24
8-8
14-14
15-15
11-11

TMA-200D
TMA-180D
TMA-50DA
TMA-100DA
TMA-60DB
TMA-40DC

30-30
60-60
100-100
60-60
200-200
100- 100

12-12
26-26
27-27
20-20
30-30
17-17

113'16'
1We
18' (8'
13%'
18'4'
10' 2
4'

.719'
.469'
.344'
.344'
.219'
.219'

20,000
15,000
10,000
10,000
7,500
7,500

v.
v.
v.
v.
v.
v.

7-7
11-11
15-15
9-9
21-21
11-11

TML-30DE
TML-60DD
TML-100DB
TML-60DB
TML-200DA
TML-100DA

TYPE LMT
A heavy duty transmitting condenser that completely eliminates troublesome closed loops, vastly simplifying the proble
of unwanted harmonics. The rotor shaft is completely insulated from the end plates. Long leakage path ( higher safety factor
Plates and parts are extra heavy with highly polished rounded edges to prevent flash- over. Adjustable stator plate mountin
and end bearings. Available in single- stator, double- stator, or double- stator right angle center drive models. Same capaciti(
and prices as National TML Condenser.
TYPE TML
is a heavy duty job throughout. The
frame structure ( rugged aluminum castings with durai tie bars) and precision
bearings assure permanent rotor alignment. All plates are extra thick with
rounded and polished edges. This, plus
specially treated steatite insulators and
a husky self-cleaning rotor contact, provides high flashover, current and voltage ratings.
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MINIATURE
CONDENSERS:

The UM condensers are lowloss, aluminum plate staked
construction miniature variables designed for UHF converters, VFOs and the like —
minimum capacity is exceptionally low. The UMs can be
mounted in PB-I0 or RO
shield cans and have 1
/
4"
dia, shafts front and rear for
ganging ( see pages 21, 23
and 24 for shield cans and
couplings). Plates: straightline- cap., 180 ° rotation. Dimensions: Base I" s 21
/
4",
mtg. holes on 5/
8" x 1-23/32"
centers, 2-5/16" max. length.

Type PS variable condensers
are compact silver plated
units of soldered construction for use as semi- fixed
bandsets or padders. Base is
steatite — bearing is " snug"
but smooth. PSR models are
screw- driver adjust type; PSE
have 1
/ " diameter shafts
4
both ends; PSL are similar
to PSR but include rotor
shaft lock.
Type M-30
The M-30 is a tiny ( 13/16"
x9/16" x1/2") mica trimmer
— 30 mmf. max. — steatite
base.

The UMB-25 and UMB-50
differential ( balanced stator) models. UM- 10D and
UMA-25 are double-spaced
and the latter is bolted construction
for
experimental
capacity reduction. Hardware
for panel or chassis mounting
is supplied with all UM condensers.

Type W-75, 75 mmf.
Type W- I00, 100 mmf.
Small air- dielectric padding
condensers having a very low
temperature coefficient. They
are mounted in 1
1
/
4 " diameter aluminum shields and
have 1
/
4 " hex
heads for
socket- wrench ad ustment.

Catalog Symbol

Capacity
25 mrni.
50
75
100

PS L-25
PS L-50
PS L-75
PS L-100

PS E-25
PSE-50
PS E-75
PS E-100

PSR-25
PSR-50
PSR-75
PSR-100

Capacity

Minimum
Capacity

No. of
Plates

Air Gap

Catalog
Symbol

15 mmf.
35
50
75
100
10
25

1.5
2.5
3
3.5
4.5
1
3.4

6
12
16
22
28
8
14

.017"
.017"
.017"
.017"
.017"
.042"
.042"

UM- I5
UM- 35
UM- 50
UM- 75
UM- I00
UM- 10D
UMA-25

BALANCED STATOR MODEL
25
50

2
5

4-4-4
1 .
017"
8-8-8 .017"

NEUTRALIZING
CONDENSERS:
NC- 600U
With standoff insulator
NC- 600
Without insulator
For neutralizing low power
beam tubes requiring from
.5 to 4 mmf., and 1500 max.
total volts such as the 6L6.
The NC- 600U is supplied
with a GS- 10 standoff insulator screwed on one end,
which may be removed for
pigtail mounting.

"TU BY"
CONDENSERS
Tubular condensers providing
short r.f. path between plate
and cathode for tubes having the plate connection at
the top. Design reduces harmonics and helps eliminate

UMB-25
1 UMB-50

parasitics.
3,000 volts
1,500 volts. 15 mmfd.

or

SIN
The Type STN has a maximum capacity of 18 mmf.
(3000 V), making it suitable
for such tubes as the 809. It
is supplied with two standoff
insulators.
NC- 800A
The NC- 800A disk-type neutralizing condenser is suitable
for the T40, 35TG, 808 and
similar tubes. It is equipped
with a clamp for locking.
The chart below gives capacity and air gap for different
settings.
NC- 75
For 812,
tubes.

75TH

and

NC- I50
For RK36, 100TH,
250TH, etc.

similar

HK354,

UMMIIMMUMMUMMUM
10MUMMIUMMIMOMM
RIMMOnerM111111
g
. UMW«
Illk
r
she MUM
Illw. IS1. 1
.11MiEraMmul
MMUMMEMMUMMEMMUM
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COMPONENTS

PRECISION CONDENSERS
Originally developed for the famous HRO and NC- I00
receivers, National PW and NPW condensers and drive units
are well known to professional and amateur radio men
throughout the world. Sturdily constructed of the finest
materials and carefully adjusted by skilled hands, they have
become " standard specifications" for applications requiring
smooth, precise control and high re- set accuracy.
The Micrometer Dial reads direct to one part in 500. Division
lines are approximately 1/4" apart. The drive, at the mid- point
of the rotor, is through an enclosed preloaded worm gear
with 20 to 1ratio. Each rotor is individually insulated from the
frame, and each has its own individual rotor contact. Stator
insulation is steatite. Plate shape is straight-line frequency
when the frequency range is 2:1.
PW Condensers are available in I, 2, 3 or 4 sections, in
either 160 or 225 mmf per section. Larger capacities cannot
be supplied.
PW-1R

Single

PW-1L

Single section left

secticn

right

PW-2R

Double

section

right

PW-2L

Double

section

left

PW-2S

Single

PW-3R

Double section right; single left

PW-3L

Double section left; single right

section

each

side

PW-4
Double section each side
NPW-3 Three sections, each 225 mmf.
Similar to PW models, except that rotor shaft is perpendicular to panel.
NPW-0
Uses parts similar to the NPW condenser. Drive shaft perpendicular to panel. One TX- 9 coupling supplied.
PW-0
Uses parts similar to the PW condenser. Drive shaft parallel
to panel. Two TX-9 couplings supplied.

PW-D

The Micrometer Dial used on the condensers and drives above is available separately. It revolves ten times in covering t
complete range and as there is no gear reduction unit furnished, the driven shaft will revolve ten times, also. The PW
dial fits a shaft 5/16" in diameter.

MULTI- BAND TANK ASSEMBLIES

The unique MB- I50 Multi- Band Tank tunes all amateur bands from 80 through 10 meters with 180 ° rotation of the shaft; t
coils are never changed. The unit is built around a circuit which tunes to two harmonically unrelateci frequencies at the sar
time. Thus, it becomes possible to cover a wide frequency range and

yet main'ain a reasonably constant L/C ratio. 3" wi,

x 81
/
4 " high ( including the GS 10 standoffs) x 9" long overall including the /
4 " dia, shaft and output terminals.
1

MB-40L

Features of the MB- 150:

(I)

For use as the all- band plate tank in push-pull or
single- ended stages running up to 150- watts input ( 1500
volts peak). It is ideal for a pair of 807s or 809s or
a single 829B.

(2)

Separate link coupling coil has
just to match impedances up
Output couples into a higher
antenna or an antenna tuning

(3)

Fast band changing is accomplished without handling
coils, thus removing one of the danger points in the
amateur station.

special clips whick: adto 600 ohms directly.
powered amplifier, an
network.

MB 40L LOW- POWER MULTI- BAND TANK
Same principle as the famous M B-150. Logical application
as grid circuit for tubes having MB -I50 in plate circuit.
Will handle 40 watts input if link kept loaded

18
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COMPONENTS

TYPE ST ( 180 ° Rotation)

TYPE EMC ( 180 ° Rotation)

STRAIGHT-LINE WAVELENGTH

STRAIGHT-LINE WAVELENGTH

ST Type condenser has Straight- Line Wavelength plates. All double.
ing models have the front bearing insulated to prevent noise. On special
ra shaft extension at each end is available, for gem:ring On doubleing single shaft models, the rotor contact is through aconstant impedance
ril Steatite insulation.
TE - Type SS Condensers, having straight-line capacity plates but
rwise similar to the Type ST, are available. Capacities and Prices sanie
,pc ST.
Capacity

Minimum
Capacity

No. of
Plates

Air
Gap

Catalog
Symbol

Length

SINGLE BEARING MODELS
15 Mmf.
25
50

3Mmf.
3.25
3.5

3
4
7

.018"
.018"
.018"

STHS- 15
STHS- 25
STHS- 50

18
4"

SPLIT STATOR DOUBLE BEARING MODELS
50-50
100-100

5-5
5.5-5.5

11-11
14-14

.026"
.018"

24"
2%"

STD- 50
STHD-100

DOUBLE BEARING MODELS
35 Mmf.
50
75
100
140
150
200
250
300
335

9
10

8

8
11
15
20
27

.026"
.026"
.026"
.026"
.026"

2h"
24"
2h"
2h"
24"

ST- 35
ST- 50
ST- 75
ST- 100
ST- 140

10.5
12.0
13.5
15.0
17.0

29
27
32
39
43

.026"
.018"
.018"
.018"
.018"

24"
2h"
24"
24"
24"

ST- 150
STH-200
STH-250
STH-300
STH-335

6 Mmf.
7

TYPE EMC - A general purpose co-rdenser av:ileble in large sizes and
having Straight- Line wavelength plates. They are similar in construction to
the TMC Transmitting condenser, and 'lave high efficiency and rugged frame
Insulation is Steatite, and Peek Voltage Rating is 1000 volts. Same sizes
available with straight line capacity plates, type DXC condenser.
-Ca talog
t _ ..
No. of
Minimum
Capacity
Capac i
ty
pl at
es
....net.
Sy mbol
150 Mmf.
250
350
500
1000

9 Mmf.
11
12
16
22

9
15
20
29
56

2",-,t"
tn"
2".-sr"
4h"
694"

EMI
EMI
EMI
EMI
EMI

- 150
- 250
- 350
- 500
-1000

VHF CONDENSERS
• Shaft extension at rear for gangirg purposes Dual condensers ideal for
mixer- oscillator unit. • Ball bearing front and beck for smooth rotatior and
freedom from back- lash. • Brackets for moulting 7- pin miniature tube
sockets, i.e., National XOA for vey short le-,ds from tube to condenser
essential for VHF efficiency, and rigid compact unit-assembly that produces
better stability. • Wide low-incli.ctance , tator strap connections raise
frequency limit of condensers. Coil or strap tank can be connected directly
to stator straps allowing maximum inductance in tank and a minimum of in
ductance between tank and stator. • Stator,, rotors and stator strap connections silver-plated for best efficiency. • Rrgid square construction, brew
isolantite end plates. • Spade boIrs allow solid connections to chassis for
extreme rigidity. • Flexible insulat.ng coupling available to connect condenser shaft to h" dial shaft. • Ilexible insulating coupling available to
connect two or more condensers together as ganged units. • High capacity
single spaced units for general coverage. * Low capacity double spaced
units for bandspread, suitable for ham use, partkularly in the VHF and UHF
ham bands. • Stators solder const-uction can be removed and replaced by
strap tanks for special VHF and UHF epplicaticn.
DOUBLE SPACED MODELS

TYPE SE ( 270' Rotation)
STRAIGHT-LINE FREQUENCY
'E SE - All models have two rotor bearings, the front bearing being
ilated to prevent noise. A shaft extension at each end, for ganging, is
ilable on special order. On models with single shaft extension, the rotor
tact is through econstant impedance pigtail. The SEU models ( illustrated)
suitable for high voltages as their plates are thick polished aluminum with
nded edges. Other SE condensers do not have polished edges on the
Ees. Steatite insulation.
15 Mail.
20
25

7 Mmf.
7.5
8

6
7
9

.055"
.055"
.055"

2h"
2h"
2h"

SEU- 15
SEU- 20
SEU- 25

50
75
100
150

9
10
11.5
13

11
15
20
29

.026"
.026"
026"
.026"

2h"
2%"
2,4"
2%"

SE- 50
SE- 75
SE-100
SE-150

200
250
300
335

12
14
16
17

27
32
39
43

.018"
.018"
.018"
.018"

2h"
24"
2%"
21
U"

SEH-200
SEH-250
SEH-300
SEH-335

Two section VHF- 2D,
Maximum capacity per section smog to stator
Minimum capacity per section stator to stator

6.75 mnYF.
3.0 mmf.
3.75 mmf.

Net change
Single section VHF- 1D,
Maximum capacity stator to stator
Minimum capacity stator to stator
Net change

6.75 mrd.
3.0 mmf.
3.5 med.

SINGLE SPACED MODELS
Two section VHF- 2S,
Maximum capacity per section stator to stator
Minimum capacity per section stator to stator
Net change
Single section VHF- 1S,
Maximum capacity stator to stator
Minimum capacity stator to stator
Net change

22.5 mmf.
3.0 mmf.
19.5 weir.

...
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COMPONENTS

FWG
A Victron terminal strip for
high
frequency
use.
The
binding posts take banana
plugs at the top, and grip
wires through hole at the
bottom,
simultaneously,
if
desired.
FWH
The insulators of this terminal assembly are moulded
R-39 and have serrated bosses that allow the thinnest
panel to be gripped firmly,
and yet have ample shoulders. Binding posts same as
FWG above.

FWH

•

FWJ
This assembly uses the same
insulators as the FWH
above, but has jacks. When
used with the FWF plug
(below), there is no exposed
metal when the plug is in
place.

FWJ

11!

F

FWF
This moulded R-39 plug has
two banana plugs on 3/
4"
centers and fits FWG, FWH
or FWJ above. Leads may
be brought out through the
top or side.
FWA, Post
Brass Nickel Plated
FWE, Jack
Brass Nickel Plated
FWC, Insulator
R-39 Insulation.
FWEI, Insulator
Polystyrene insulation.

XS- 6

XS-6
A low- loss steatite bushing
for 1
/2" holes. Passes 6-32

XS- 7

TPB
A threaded polystyrene bushing
with
removable .093
conductor moulded in, 1
/
4"
diem., 28 thread.

2
/
1

GS-2,

1
/2"

"

X

13
/8 "

s 21
4 "
/

GS- 3,

4
/
3

" x 27
/
8"

GS- 4,

4
/
3

"x

GS 4A,

3
4"

x

Cylindrical low- loss steatite
standoff insulators with nickel
plated caps and bases.
GSJ, (
not illustrated)
A special nickel plated jack
top threaded to fit the 3/
4"
diameter
insulators
GS 3,
GS- 4 & GS- 4A.
GS- I0,

3
4"

high

GS- 10S ( not illustrated) but
same as GS- I0 except includes threaded stud in top
end.
GS- 5, 1
1
4" high
GS 6, 2" high
GS 7, 3" high
These cone type standoff insulators are of low loss steatite. They are moulded with
a tapped hole in each end
for mounting as follows:
GS- 5, 8-32 tap 7/16" deep:
GS- 6 & GS- 7,
10-24 tap
11/16" deep: GS- 10, 6-32
tap 1
/ " deep and GS- 10S
4
as noted above.
GS-8, with terminal
These low- loss steatite standoff Insulators are also useful
as lead- through bushings.
XS- 3, (
23
4 " hole)
/
XS-4, (
33
4 " hole)
/

XS-9
Feed- through insulator. Hole
size 13/64". Insulators are
adjustable on silver-plated
terminal stud for different
partition thicknesses. Ceramic
insulators are of high grade
materials designed for high
frequency equipment.

XS- 5F, With Fittings
These
big
low- loss
bowls
have an extremely long leakage path and a 51
/ " flange
4
for bolting in place. Insulation steatite. Fittings include
nickel plated brass spindles,
lugs, nuts and washers.

XS- I, ( l"

20

GS- I,

XS- 2, ( 1
2 " Hole)
/
1

XS- 8, ( 1
2 " Hole)
/
1

:
11 S-2
1

AA-6
A general purpose strain insulator of low- loss steatite.

Prices are per pair and include nickel plated spindles,
lugs and hardware. These
low- loss steatite bowls are
ideal for lead-in purposes at
high voltages.

XS- 7, ( 3
/
8" Hole)

.411110

AA- 5
A low- loss steatite aircraft type strain insulator.

GS-9, with jack

screw.

TPB

AA- 3
A low- loss steatite spreader
for 6 inch line spacing. ( 600
ohms impedance with No. 12
wire.)

Hole)
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SIGNAL

SPLITTER

ELIMINATES

ADJACENT CHANNEL AND HETERODYNE INTERFERENCE
THE MeLAUGHLIN SIGNAL SPLITTER is used with
receivers in communications services where reception
is often jammed by unwanted signals normally im-

SIG

possible of elimination. Its versatile selectivity* will
separate two carriers on the some " assigned" frequency ... by as much as 60 db ... when the frequency difference between carriers is but . 005% ( at
frequencies of the order of 15 MC).
8

-s
rmess ccsessacone

\ RECErVER sci.ccmay
0.IOVES WTI • 3.10.
SHAPE ',acme

ISPLITTER

ou

Essentially the SIGNAL SPLITTER is a selectablesingle-sideband

converter

rejecting

the

side- fre-

quencies containing the unwanted carrier and

de-

modulating the message information in the remaining
7 • 54

5610

S

transmitted sideband.

IS

However, more than a single-sideband receiver is

IES 10 MODELS

required to eliminate interference ... R- Fintermodulation distortion must be kept at a minimum ... otherwise, the
quencies

Narrow- band CW ( curves FAG)

distortion
in

effects will produce

both sidebands

new

fre-

and little reduction in

heterodynes will result. The measu-ed intermodulation

Bandwidths- 100 to 500 cps plus

nd minus carrier

Signal separation- 300 cps at —

b.

Special miniature filters in hermetically- sealed metal

i

cases ... with maximum Q at the operating frequency

Narro

MCL-10-NB

R- Fdistortion in SIGNAL SPLITTERS is below . 01%.

... assure permanent selectivity.

band voice and CW ( curve E)

SIGNAL SPLITTERS are available with bandwidths

Bandwilth-500 to 2500 cps plus and minus carrier

kiln
-,.

Broad- band ( broadcast quality) ( cue A)
Bandwidth- 5000 cps plus and

mi lis

suitable for both CW and voice reception ... from
100 to 5000 cycles plus and minus the signal carrier.

Signal r paration-1000 cps et — 60db.

We supply special SIGN
services

requiring

bandwidths

standard units. The ma

than

the

sfour megacycles plus

and minus the desired ce

frequency.

carrier
UNIK/1

Signal separation- 600 cps at 60 I.

SIGNAL
SPLITTER
LOWER

SPLITTER SYSTEMS to

great

A

UPPER

USED BY
8
U.

1
ee

S. Departments

U :.

and Agencies

5
Foreign
Governments

I•SOAC

* U. S. Patents
2364863

2480870

2535442

and

Communications

Designing Receivers
for 30 years

Companies

J. L. A. MCLAUGHLIN
Variable bandwidth in fixed

teps up to seven selectivity

positions either sideband. ( furyes
be accented in five db step
tion- 600 cps at — 60 db.

up to 20 db. Signal separaI

LA

JOLLA,

A to G.) Carrier can
Making SIGNAL
SPLITTERSfor10 years

CALIFORNIA
U.S.A.

EXPORT: RCA International Division
RCA Building
New York 20, N. Y., U.S.A.
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For Definitely Superior Ham Performance
From the Hams at Hallicrafters to Hams everywhere comes this top- performing receiver in the medium price class. Extra sensitivity, selectivity, and stability, definitely
superior image rejection with double superheterodyne circuit, plus built-in Narrow
Band FM reception. Extra wide dials for main and band- spread tuning. Surpasses
ham performance many receivers priced considerably higher.
PERFORMANCE: Continuous AM reception from 538 kc to 35 Mc, and 46 to 56 Mc.
Built-in limiter and balanced detector stages for hiss- free NBFM reception. Double
conversion ( 2075 and 455 kc i
fchannels) gives image rejection of better than 150
to 1at 28 Mc. Temperature compensated, voltage regulated. One r- f, two conversion,
and 3 i
fstages yield high gain for sensitivity of . 7 microvolts with 50 rrilliwans output. Audio peaked for communications frequencies, with 3 watt output.
CONTROLS: Band Selector 538-1650 kc, 1600-4800 kc, 4.6-13.5 Mc, 12.5-3i Mc,
46-56 Mc. Separate Main and Bandspread tuning controls; bandspread dial calibrated
for 80, 40, 20, 10, and 6 Meter Bands. BFO Pitch 3- position Selectivity, Crystal
Phasing, Tone, a- fGain, and r- fGain controls. ANL, BFO, and Receive/Send switches.
"S" meter adjustment on rear.
PHYSICAL DATA: Satin black steel cabinet with chrome trim. Piano hinge top. Size
18 1
/ in. wide by 87
2
/8 in. high by 12 in. deep. Ship. wt. 33 lbs.
EXTERNAL CONNECTIONS: Use doublet or single wire antenna. 500 and 3.2 ohm outputs

for separate speaker. Phone jack. Socket for external power supply. Connections for
remote control. For 105-125 volts 50/60 cycle AC.
II TUBES PLUS VOLTAGE REGULATOR AND RECTIFIER: 6BA6 r
-f Amp., 6C4 Osc., 6AU6
Mixer, 6BE6 2nd Cony., three 6SK7 i
fAmps., 6H6 ANL and delayed AN.C, 6SC7 BFO
and a- fAmp., 6AL5 Dec., 6K6GT Output, VR-150 Reg., and 5Y3GT Rect.
UNIVERSAL MODEL SX711,12 Same as above only for
115/250 volts, 25/60 cycle AC.
R46 SPEAKER: New 10" PM in satin black steel cabinet to
match SX-71 and S-76 ( also suitable for SX-62). 500-ohm
transformer. 80 to 5000 cycle range. 15" wide, 10 7
/8"high,
lOW deep.

New! ADouble Superhet With 50kc 1-F
A new double conversion receiver just introduced as the lower- priced runnine mate
to the already famous SX-71. The only double superhet with 50 kc second t- fand
the only set now known with a giant sized 4- inch " S" Meter. Another new Hallicrafters engineering triumph ... a special value leader in the moderate price range.
PERFORMANCE: Continuous coverage 538-1580 kc. and 1.72-32 Mc. Double conversion almost completely eliminates images. 50 kc second i
fgives excellent ' skirt"
selectivity with " nose" selectivity variable from 5.6 kc down to 500 cycles. Temperature compensated, voltage regulated. One r- f, two conversion, and two i
f stages.
21
/ watts output, with audio peaked for communications frequencies.
2
CONTROLS: Band Selector 538-1580 kc, 1.72-4.9 Mc, 4.6-13 Mc, 12-32 Mc; Separate
Main and Bandspread tuning; bandspread calibrated for 80, 40, 20, 11, 10 meters;
five- position Selectivity with phono switch built-in; BFO Pitch; full- range Tone;
AVC, BFO, ANL, Rec./Standby switches. " S" Meter adjustment on rear.
PHYSICAL DATA: Satin black steel cabinet with plastichrome. Piano hinge top. Size

18 1
2 "wide, 8YR" high, 91
/
2 "deep. Ship. wt. approx. 46 lbs.
/
EXTERNAL CONNECTIONS: Use doublet or single wire antenna. 500 or 3.2 ohm outputs.

Phone jack. Phono input jack. Connections external power and for remote control.
Mounting holes provided for coax connector. For 105-125 volts 50/60 cycle AC.
9 TUBES PLUS REGULATOR AND RECTIFIER: 6CB6 r- f Amp., 6AU6 1st Cony.

6BA6 1st i
f, 6BE6 2nd Cony., 6BA 6
Output, VR-150 Reg., 5Y3GT Rect.

2 nd

i
-f
, GALS Det .,

ANL, 6SC7

"7de Zadea 7/teuà Racas"

6C4 Osc.
BFO, 6K6Gi'

23

kallicrafters

Model
S- 40B & S-77A

Model
S-53A
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New Versions of an Old Favorite
Offers superior performance in the medium price range, born of Hallicrafteis long
experience in high- quality communications equipment. Complete in itself. with
built-in PM speaker.
PERFORMANCE: AM reception 540 kc to 43 Mc. Temperature compensated osc llator.
One RF and two IF stages. Audio response to 10,000 cycles.
CONTROLS: Band Switch 540-1700 kc, 1700-5300 kc, 5.3-15.7 Mc, 15. - -4:-.0 Mc.
Main tuning in Mc; band- spread dial has arbitrary scale. AF and RF Gain ccritrols;
AVC, BFO, and Noise Limiter switches; three- position Tone, BFO Pitch, and Receive/
Standby controls. Settings for Broadcast Band marked in color for simpliied use by
others in your family.
PHYSICAL DATA: Satin black steel cabinet. Top opens on piano hinge. Sizt- 18 1
/"
2
wide by 878" high by 9W deep. Ship. wt. 32 lbs.
EXTERNAL CONNECTIONS: Doublet or single wire antenna. Phone jack. S-40 uses
105-125 V. 50,60 cycles AC only. S- 77A uses 105-125 V. DC or 50/60 cycle AC.
7 TUBES PLUS RECTIFIER: (in S- 40B) 6SG7 RF Amp., 6SA7 Cony., two 6SK7 IF Amps.,
6H6 ANL and AVC, 6SL7 BFO and Det., 6F6G Output, 5Y3GT Rectifier Comparable AC/DC type tubes used in S- 77A.
UNIVERSAL MODEL S-40BU: Sameas above only for 115/250 volts, 25/60 c\ cle AC.

Superb Performance in Compact Size
Unquestionably the finest small communications receiver built. Several step better
than the S- 38C but not as good as the S- 40B. Complete in itself, with Fuill - in PM
speaker.
PERFORMANCE: Coverage 540-1600 kc, 2.6-31 Mc plus 48-54.5 Mc. Two stages IF
amplification.
CONTROLS: Main tuning in Mc; separate band- spread dial with logging scale plus
Mc calibration for 48-54.5 Mc band; Receive/Standby switch; Band switch 5e 0-1630
kc; 2.5-6.3 Mc, 6.3-16 Mc, 14-31 Mc, and 48-54.5 Mc; AM/CW; RF Gain Noise
Limiter, AF Gain, two- position Tone; Speaker/Phones switch on rear.
PHYSICAL DATA: Satin black steel cabinet with chrome trim. Top open; ou piano
hinge. Size 12 7
/8"wide by 7" high by 73
4 "deep. Ship. WC. 19 lbs.
/
EXTERNAL CONNECTIONS: Doublet or single wire antenna. Phone tip jacks. Photograph
input jack. 105-125 V. 50/60 cycle AC line.
7 TUBES PLUS RECTIFIER: 6C4 Osc., 6BA6 Mixer, two 6BA6 IF Amps., 61.6 Det.,
AVC and ANL, 6SC7 BFO and AF Amp., 6K6GT Output, 5Y3GT Rectifier.

The Radio That Amazes the Experts
The lowest priced communications receiver on the market . . . with many features
found in much higher priced sets. Standard Broadcast plus three Short- Way, bands.
Built-in PM speaker.
PERFORMANCE: Continuous AM reception 540 kc to 32 Mc. Maximum sensitivity and
selectivity from expertly engineered chassis.
CONTROLS: Main Tuning in Mc; separate electrical band- spread dial with arbitrary
scale; Speaker/Phones, AM/CW switches; Band Switch 540-1650 kc, 1.65-5 Mc.
5-14.5 Mc, 13.5-32 Mc; AF Gain, Receive/Standby.
PHYSICAL DATA: Steel cabinet in gray hammertone finish. Size 12 7
/8"wide by 7" high
by 73
/ "deep. Ship. WC. 14 lbs.
4
EXTERNAL CONNECTIONS: Doublet or single wire antenna. Phone tip jacks. 10'-125 V.
DC or 50 / 60 cycle AC.
4 TUBES PLUS RECTIFIER: 12SA7, Cony., 12SK7 IF Amp. and BFO, 12SO7 act. and
AVC, 50L6GT Output, 35Z5GT Rectifier.
220- VOLT LINE CORD: Available separately. Works for AC or DC.
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Designed for Top Broadcast Reception
The world's finest receiver for the All-Wae listener. Unequalled in coverag and
performance on all three wave bands— Standard Broadcast, Short- Wave or FM.
Continuous coverage from 540 kc to 109 Mc. Having basically the same chassis as a
fine communications receiver, the SX-62 provides communications- receiver performance in simplified form. A single tuning control covers the wide- vision dial. On yone
band lights up at a time— you always know just where you are tuning. In addition a
500 kc crystal calibration oscillator is built in, enabling you to adjust the dial pointer
to show the exact frequency being tuned at any time.
PERFORMANCE: Continuous AM reception 540 kc to 109 Mc; FM reception 27-109
Mc. Temperature compensated, voltage regulated. Two RF, three IF stages; dial IF
channels ( 455 kc and 10.7 Mc.). Audio flat 50-15,000 cycles; 10 watt push-pull c.utput.
CONTROLS: Band Selector 540-1620 kc. 1.62-4.9 Mc, 4.9-15 Mc,
Mc, 27-56
Mc, 54-109 Mc; Receive/Standby, Calibration Osc. On/Off, Noise Limiter, Tuning,
AF Gain, Phono/FM/AM/CW, six- position Selectivity, four- position Tone, RE Gain,
Calibration Reset.
PHYSICAL DATA: Gray steel cabinet with satin chrome trim. Top opens on piano
hinge. Cabinet 20" wide by 10 1
/ "high by 16" deep. Ship. Wt. 70 lbs.
4

Doublet or single wire antenna. 500 and 500G-ohm outputs.
Phone jack. Phonograph input jack. Socket for external power and Remote control
connections. 105-125 V. 50/'60 cycle AC line.

EXTERNAL CONNECTIONS:

14 TUBES PLUS VOLTAGE REGULATOR AND RECTIFIER: Two GAGS RF Amps., 7F8 Cony.,
651(7 IF Amp., 6SG7 IF Amp., 6SG7 IF Amp., 6SG7 FM Limiter and AM De -., 6H6
FM Dec., 6J5 BFO, 6H6 ANL, 6SL7 AF Amp., two 6V6 Push- Pull Output, 6C4 Calibration Osc., VR-150 Regulator, 5U4G Rectifier.

UNIVERSAL MODEL SX -62U: Same as above only for 115/250 volts, 25/60 cycle AC.

Regular and Long-Wave 3-Way Portable
You'll always be in touch with the outside world wherever you go with tl-is new
Hallicrafters extra- sensitive portable. Designed both for the person wl-o wants better
than average operation even in weak signal areas and for the Radio Amateul
Regular Model S-72 covers standard broadcast and three shc rt-wave
bands 540 kc to 30 Mc continuously. Long- Wave Model S- 72L covers airway?. ranges
and towers and marine beacons 175-420 kc, plus Broadcast and 2 short-wave bands
540 kc to 12.5 Mc. One stage tuned r- famplification; separate electrical banispread
tuning. Two built-in antennas— loop for broadcast and
61- inch telescoping whip for short-wave. Overall sensitivity 1.8 microvolts at 30 Mc, ranging to 6 microvolts
at 1.7 Mc.
CONTROLS: Band Selector, r- fGain, AVC, BFO, a- fGain,
Main tuning, Bandspread tuning.
PERFORMANCE:

PHYSICAL DATA: Luggage- type cabinet in brown leach
erette. Space inside for phones. Size 14" wide, 12 1
4
/
high, 71
/ "deep. Ship. wt. 16 lbs., less battery pack.
4

Phone jack. Antenna terminals
if needed. 105-125 V. DC or 50 60 cycle AC line. Battery power 100 ma. at 7.5 V. and 30 ma. at 90 V. Takes
RÉA VS018, Burgess G6M60, General 60B6F65 and
similar packs; life 50 to 100 hours.

EXTERNAL CONNECTIONS:

1T4 r- fAmp., 1R5 Osc., 1U4 Mixer,
two 1U4 i
fAmps., 1U5 Dec. and a- fAmp., 1U5 BFO,
3V4 Output, long- life selenium rectifier.
TUBES PLUS RECT:

Long Way.- Model S-721 is
answer to airplane or boat
owner's dream. Receives marine
beacons, 0Tways ranges and
towers, as well as o rways and
marine shoe- - wave ck annels and
regular brocdcast bcs id.
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New Emergency- Frequency FM Receiver
A compact, easy- to- operate new FM receiver covering police, fire, taxicab, truck,
private telephone, railroad, and other industrial frequencies. Especially suited for
civilian defense groups in metropolitan areas where a reliable, low cost receiver is
required to hear industrial and emergency- service communications. Headphone tip
jacks on rear. Built-in PM speaker.
Newly designed FM chassis provides low frequency drift and high
signal-to-noise ratio. Regular model S-81 covers VHF FM frequencies 152 to 173 Mc;
low- band model S-82 covers H/F FM frequencies 30 to 50 Mc. Two i
f stage!, for
extra sensitivity to pull in weak stations.
PERFORMANCE:

Steel cabinet in black wrinkle enamel finish. Size 12?'8" wide, 71
'
high, 71
4 "deep. Ship. wt. approximately 14 lbs.
/
PHYSICAL DATA:

Use single wire or twin- lead antenna. Tip jack for headphones
on rear. 105-125 V. DC or 50/60 cycle AC.

EXTERNAL CONNECTIONS:

12AT7 Osc. Mixer, 2-12BA6 IF Amps., 12AL 5 FM Det.,
12SQ7 1st Audio, 50L6 Power Output. Selenium Rectifier.

6 TUBES PLUS RECTIFIER:

New Compact, Lightweight Two-Way Radio-Telep'Ione
The littlefone series of equipment are FM two-way radio telephone units operating
at 25-50 Mc. or 152-174 Mc. Both the receiver and transmitter are crystal controlled
and a total of 22 sub- miniature tubes are used. The complete portable model with
antenna and telephone hand- set weighs only fourteen pounds and will ope: ate for
more than eight hours on the self-contained rechargeable storage batteries. godels
for AC power line and 6/12 volts DC operation employ the same rf chassis as the
portable units but an audio power output stage is added to drive the loud speaker.
Adjustable squelch controls are available on all models. Power outputs— ! watts
on 25-50 Mc and 1 watt on 152-173 Mc. Lower powered dry batte-y modAs also
a‘ ailable.

"7e Zaceio Vtael Zadie"
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Model 5-78A

Model HT-20 AM-CW Transmitter
This new Hallicrafters 100 watt AM-CW Transmitter is the modern successor to
the HT- 9 known throughout the world for reliability, ruggedness, flexibility and
lowest cost for maximum dependable watts per dollars.
T.V.I. proofed— completely shielded and filtered rf compartment
plus built-in low-pass 52 ohm coaxial line output filter provides 100 db or greater
suppression of all frequencies higher than 30 Mc. 100 watt phone output.

PERFORMANCE:

Heavy duty commercial type power
All parts rated for commercial service conditions.

COMPONENTS:

FREQUENCY COVERAGE:

and modulation transfornerr.

Continuous coverage from 1.79 to 30 Mc.

Full band switching. No plug-in coils— choice of 10 crystals— all co urols
on front panel.

CONTROLS:

TUBES:

Seven rf and audio tubes plus 3 rectifiers.

Cabinet size- 20 inches long, 12 1
2
/
inches high, 17 1
4
/
inches deep
—panel size for rack mounting- 19 x 10 1
2
/
inches.

PHYSICAL DATA:

See your distributor in February for complete detailed specifications.

New Improved FM/AM Chassis
A new radiation- proof FM/AM chassis to meet the popular demand or a mediumpriced unit with top performance characteristics, offers automatic frequency control
assuring clearest possible reception of FM stations by eliminating the human error
in tuning; as the station is approached, this circuit " takes over" elec:ronically, and
holds the station in perfect tune. Radiation- proofing is especially important in that
normal oscillator radiation from many ordinary FM receivers has been severely
criticized by the F.C.C. for interfering with VHF aircraft navigational aids. The new
S- 78A reduces this radiation by extensive shielding and filtering.
Covers standard broadcast band 540 -1'00 kc .incl FM
One tuned r- f, two i
fstages. Audio response 50 to 14,000 cycles. 7 watt
Push- Pull Output. Full Range Tone Control, Band Switch, Volume and Tuning.

PERFORMANCE AND CONTROLS:
88 -108 Mc.

Size overall 12 1
2 "wide, 73
/
/8'high, 11' deep. Tuning knobs and escutcheon furnished. Ship. wt. approximately 25 lbs.

PHYSICAL DATA:

EXTERNAL CONNECTIONS Phonograph input Jack.
and two for FM. 500 and 3.2 ohm outputs for
50/60

Four antenna terminas — two for AM
separate speaker. For 105 -125 volts

cycle AC only.

10 TUBES PLUS RECTIFIER:
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precision- built television
with the

A tuning system more accurate
and more powerful than any
in Television History

The Dynamic Tuner— a rotary-type tuner— uses flat tuning
coils that are precision-printed by aspecial photo-etch process. Because wire stretches as it is wound, and because coil
forms vary, NO OTHER TUNING SYSTEM can even approach the absolute accuracy of precision photo-printed coils.
The heart of the Dynamic Tuner lies in the 12 channel strips.
Each strip has been prepared by photographically printing the
desired pattern on copper and then etching away the unwanted
metal. The result of this process is complete uniformity in
production. Every chassis coming off the line is " hot" in sensitivity; variations in tuning alignment are practically eliminated.
Only Hallicrafters has the Dynamic Tuner, to bring you the
clearest picture in television. " City Clear", even in weak signal
areas. Independent research laboratories report that Hallicrafters chassis delivered 2 to 4times more sensitivity than the
best of four other leading sets tested. See your Classified Telephone Directory for your nearest Hallicrafters TV dealer.

h
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SECONDARY FREQUENCY
STANDARD
A precision frequency standard f
oth laboratory
and production uses, adjustable
t, provided at
intervals of 10, 25, 100 an
kc, with magnitude useful to 50 mc.
ism amplifier with
tuned plate circuit an
Irange switch. 800
cycle modulator with
control switch. In addition to oscillators
vibrators, modulators and
amplifiers, a bu erector with phone jack and
gain control i
orated. Self-contained power
supply.
Model 90505, with tubes
ABSORPTION

$

WAVEMETERS

The 90600 series of absorption wavemeters are
available in several styles and many different
ranges. Most popular is kit of four units, covering
range of 3.0 to 140 mc.
Model 90600

GRID

DIP METER

The No. 90651 MILLEN GRID DIP METER is compact
and completely self contained. The AC power
supply is of the " transformer" type. The drum dial
has seven calibrated uniform length scales from 1.5
MC to 300 MC with generous over laps plus an
arbitrary scale for use with special application inductors. Internal terminal strip permits battery
operation for antenna measurement.
No. 90651, with tube
Additional Inductors for Lower Frequencies
No.
No.
No.
No.

46702-925
46703-500
46704-325
46705-220

to 2000 KC
to 1050 KC
to 600 KC
to 350 KC

$

LABORATORY SYNCHROSCOPES
The 5" laboratory synchroscopes are available
with and without detector- video strips.
Model P-4-2, with tubes
Model P- 4E-2, with tubes
MINIATURE SYNCHROSCOPE
The compact design of the No. 90952, measuring
only 71
4 " x .5
/
5
/8" o 13", and weighing only 17
lbs., makes available for the first time o truly
DESIGNED FOR APPLICATION " field service"
Synchroscope.
No. 90952, with tubes

CATHODE RAY

OSCILLOSCOPES

The No. 90902, No. 90903 and No. 90905 Rack
Panel Oscilloscopes, for two, three and five inch
tubes, respectively, are inexpensive basic units
comprising power supply, brilliancy and centering controls, safety features, magnetic shielding,
switches, etc. As a transmitter monitor, no additional equipment or accessories are required. The
well-known trapezoidal monitoring patterns are
secured by feeding modulated carrier voltage
from o pickup loop directly to vertical plates of
the cathode ray tube and audio modulating voltage to horizontal plates. By the addition of such
units as sweeps, pulse generators, amplifiers,
servo sweeps, etc., all of which can be conveniently and neatly constructed on companion
rack panels, the original basic ' scope unit may be
expanded to serve any conceivable industrial or
laboratory application.
No. 90902, less tubes
No. 90903, less tubes
No. 90905, less tubes
'SCOPE AMPLIFIER— SWEEP

UNIT

Vertical and horizontal amplifiers along with hardtube, saw tooth sweep generator. Complete with
power supply mounted on a standard 51
4 " rack
/
panel.
No. 90921, with tubes
REGULATED

POWE,%UPPLIES

A compact, uncased, r
d pawl, supply,
either for table use i
aboratory or for incorporation as an '
tpart of larger equipments. 50 watts
regulated voltage from 0
to 200 volts.
Model 902‘0114s tubes
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the company

se

In 1933 a salesman in Chicago representing an eastern manufacturer had ideas for
improving the short-wave radios he was selling. The salesman had been a radio
experimenter as a kid, earned himself a " Ham" license, and built an early spark- gap
transmitter. He later served a couple of years as a wireless operator aboard ship
in the Navy, and subsequently studied at West Point. In brief, he knew short-wave
radio, and he knew what the radio " Hams" wanted.
So when his factory back east wouldn't buy his ideas, he started a business of his own
to build the radios the way he wanted them. It was a brave venture— with almost no
capital. The new company was founded mainly on two things— on the ideas of the
salesman, and on the faith of his friends. Adherence to the ideas, plus unswerving
determination to succeed, finally triumphed. Soon hams all over the country were
hearing about the new ham sets built by a Chicago ham who lo% ed ham equipment.
The new company—Hallicrafters—was making itself felt. And at its helm then, as
now, was a courageous ( and lucky) salesman and ex- radio experimenter, William
J. (" Bill") Halligan.
"The radio ham market," expounds Bill Halligan today, " is the most challenging
and the most thrilling in all radio. The ham is never fooled by expensive cabinets—
he wants every nickel's worth of performance in the chassis. And he wants the absolute latest in circuit design. If your set is good, he'll praise it to other hams over the
air; if it is not, he'll be ev en more vociferous in warning them away from it. Moreover
the ham has always been on the forefront of radio development. In working with
him and pioneering equipment for him, we feel we are building a background for
future de% elopments."

the plant
Hallicrafters main plant ( housing general offices and factory) is a block- long, rectangular building at 4401 West Fifth Avenue, Chicago.
The building was specifically designed for Hallicrafters to be the most modern and
best equipped medium-sized radio plant in the country. From the very beginning
greatest emphasis was placed on the importance of flexibility. Time has proved that
emphasis more than justified. A complete production line of up to 130 people can be
changed over from one t),pe chassis to an entirely different type, position by position.
with less than 1 minute's delay between the last unit of the production run and the
first unit of the next.
In addition to the main plant described above, Hallicrafters also use a 3- story building
of 72,000 square feet two blocks away, a 1- story coil plant of 12,000 square feet on
Chicago's north side, and 150,000 square feet of production and storage space in
three other buildings within a five- mile radius of the main plant.

4401

the

hallicrafters co.

W. FIFTH AVENUE • CHICAGO

24, ILLINOIS
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INSTRUMENT DIALS

The No. 10030 is an extremely sturdy instrument
type indicator. Control shaft has 1 to 1 ratio.
Veeder type counter is direct reading in 99 revolutions and vernier scale permits readings to 1 part
in 100 of a single revolution. Has built-in dial lock
and 1
/ " drive shaft coupling. May be used with
4
multi- revolution transmitter controls, etc., or through
gear reduction mechanism for control of fractional
revolution capacitors, etc., in receivers or laboratory
instruments.
The No. 10035 illuminated panel dial has 12 to 1
ratio; size, 81
2 " x 61
/
2 ". Small No.
/
10039 has
8 to t ratio; size, 4" x 31
4 ". Both are of compact
/
mechanical design, easy to mount and have totally
self-contained mechanism, thus eliminating back of
panel interference. Provision for mounting and
marking auxiliary controls, such as switches, pc
tentiometers, etc., provided on the No. 10035
Standard finish, either size, flat black art metal.
No. 10039
No. 10035
No. 10030

DIALS AND KNOBS

Just a few of the many stock types of small dials
and knobs are illustrated herewith. 10007 is I
diameter, 10009 is 21
2 " and 10008 is 31
/
2 ".
/
No. 10007
No. 10008
No. 10009
No. 10021
No. 10065

ye

PANEL MARKING TRANSFERS
The panel marking transfers have 1
/8" block letters.
Special solution furnished. Must not be used with
water. Equally satisfactory on smooth or wrinkle
finished panels or chassis. Ample supply of every
popular word or marking required for amateur or
commercial equipment.
No. 59001, white letters

HIGH FREQUENC

ANSMITTER

The No. 90810 crystal
transmitter provides
75 watt output ( hig
ut may be obtained by
the use of force
on the 20, 10-11, 6 and
2 meter amaJfO
nds. Provisions are made for
quick bang{
by means of the new 48000
series hiseeequency plug- 1n cods.
No. 908W less:tubes and crystals

HIGH FREQUENCY RF AMPLIFIER
A physically small unit capable of a power output
of 70 to 85 watts on ' phone or 87 to 110 watts
on C- W on 20, 15, 11, 10, 6 or 2 meter amateur
bands. Provision is made for quick band shift by
means of the new No. 48000 series VHF plug-in
coils. The No. 90811 unit uses either an 829.8 or
3E29.
No. 90811 with 10 meter band coils, less
tube

HIGH VOLTAGE POWER SUPPLY
The No. 90281 high voltage power supply has (I
d.c. output of 700 volts, with maximum current of
250 ma. In addition, a.c, filament power of 6.3 volts
at 4 amperes is also available so that this power
supply is an ideal unit for use with transmitters, such
as the Millen No. 90800, as well as general laboratory purposes. The power supply uses two No.
816 rectifiers and has a two section pi filter with
10 henry General Electric chokes and a 2-2-10
mfd. bank of 1000 volt General Electric Pyranol
capacitors. The panel is standard 83
/ " x 19" rack
4
mounting.
No. 90281, less tubes

RF POWER AMPLIFIER
This 500 watt amplifier may be used as the basis of
a high power amateur transmitter or as a means for
increasing the power output of an existing transmitter. As shipped from the factory, the No. 90881
RF power amplifier is wired for use with the popular
RCA or G.E. " 812" type tubes, but adequate instructions are furnished for readjusting for operation
with such other popular amateur style transmitting
tubes as Taylor TZ40, Eimac 35T, etc. The amplifier
is of unusually sturdy mechanical construction, on a
10 1
/ " relay rack panel. Plug-in inductors are fur2
nished for operation on 10, 20, 40 or 80 meter
amateur bands. The standard Millen No. 90800
exciter unit is an ideal driver for the new No.
90881 RF power amplifier.
No. 90881, with one set of coils, but less
tubes
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R9'er MATCHING PREAMPLIFIER
The Millen 92101 is an electronic impedance
matching device and a broad- band preamplifier
combined into a single unit, designed primarily for
operation on 6 and 10 meters. Coils for 20 meter
band also available.
No. 92101, less tubes

STANDING WAVE RATIO BRIDGE
The Millen S.W.R. bridge provide, easy and inexpensive measurement of standing wave ratio on
antennas using co- ax cable. As assembled the
bridge is set up for 52 ohm line. A calibrated 75
ohm resistor is mounted inside the case for substitution in the circuit when 75 ohm line is used.
No. 90671

FREQUENCY

SHIFTER

A favorite frequency shifter, plugs in, in plate of
crystal, for instant finger-tip control of carrier
frequency, low drift, chirpless keying, vibration
immune, big band spread, accurate calibration.
Model 90700, with tubes

VARIABLE FREQUENCY OSCILLATOR
The No. 90711 is a complete transmitter control
unit with 6SK7 temperature- compensated, electron
coupled oscillator of exceptional stability and low
drift, a 6SK7 broad- band buffer or frequency
doubler, a 6A67 tuned amplifier which tracks with
the oscillator tuning, and a regulated power supply.
Output sol ikient to drive on 807 is available on
160, 80 and 40 meters and reduced output is
available on 20 meters. Close frequency setting is
obtained by means of the vernier control arm at
the right of the dial. Since the output is isolated
from the oscillator by two stages, zero frequency
shift occurs when the output load is varied from
open circuit to short circuit The entire unit is unusually solidly built so that no frequency shift
occurs due to vibration. The keying is clean and
free from oil annoying chirp, quick drift, jump, and
similar difficulties often encountered in keying
variable frequency oscillators.
No. 90711, with tube,

50

WATT

TRANSMITTER

Based on an original Handbook design, this flexible
unit is ideal for either low power amateur band
transmitter use or as an exciter for high power
PA stages.
Model 90800, less tubes

OCTAL BASE AND SHIELD
Low loss phenolic base with octal socket plug and
aluminum shield can 17
/u, u IYe u 3414.
No. 74400

TRANSMISSION

LINE

PLUG

An inexpensive, compact, and efficient polyethylene
unit for use with the 300 ohm ribbon type polyethylene transmission lines. Fits into standard Millen
No. 331 02 ( crystal) socket. Pin spacing 1
2 ",
/
diameter .095".
No. 37412

5

PERMEABILITY

TUNED

CERAMIC

FORMS

69043

.69041

in addition to the popular shielded plug-in permeability tuned forms, 74000 series, the 69040
series of ceramic permeability tuned unshielded
forms are available as standard stock items.
Winding diameters and lengths of winding space
are % X h2 for 69041-2; 1
4 x35 for 69043-7-8;
/ x Wiz for 69045-6; 345 x 3
2
1
/ for 69044.
4
No.
No,
No,
No.
No.
No.
No,
No.

69041—( Copper Slug)
69042—(lren Core)
69043—( Iron Core)
69044—( Copper Slug)
69045—( Copper Slug)
69046— Ikon Core)
69047—( Copper Slug)
69048—(lron Core)

au,
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SHAFT LOCKS

In addition to the original No. 10060 and No.
10061 " DESIGNED FOR APPLICATION" shaft locks,
we can also furnish such variations as the No. 10062
and No. 10063 for easy thumb operation as illustrated above. The No. 10061 instantly converts any
plain " 1
/ shaft
4
volume control, condenser, etc.
from " plain" to " shaft locked" type. Each to mount
in place of regular mounting nut.
No.
No.
No,
No.

10060
10061
10062
10063

$

TRANSMITTING TANK COILS
A full line— ail popular wattages for all bands.
Send for special catalog.

DIAL LOCK
Compact, easy to mount, positive in action, does
not alter dial setting in operation! Rotation of knob
"A" depresses finger " 8" and " C" without imparting
any rotary motion to Dial. Single hole mounted.
No, 10050

RIGHT ANGLE DRIVE
Extremely compact, with provisions for many methods of mounting. Ideal for operating potentiometers, switches, etc., that must be located, for short
leads, in remote parts of chassis.
No. 10012

THRU-BUSHING
Efficient, compact, easy to use and neat appearing.
Fits W' hole in chassis. Held in place with o drop of
solder or a " nick" from o crimping tool.
No. 32150

FLEXIBLE COUPLINGS
The No. 39000 series of Millen " Designed for Application" flexible coupling units include, in addition
to improved versions of the conventional types, also
such exclusive original designs as the No. 39001
insulated universal joint and the No. 39006 " slideaction" coupling ( in both steatite and bokelite
insulation).
The No. 39006 " slide-action" coupling permits
longitudinal shaft motion, eccentric shaft motion and
out- of- line operation, os well as angular drive
without backlash.
The No. 39005 is similar to the Na. 39001, but is
not insulated and is designed for applications
where relatively high torque is required. The steatite
insulated No. 39001 has a special anti- backlash
pivot and socket grip feature. All of the above
illustrated units are for 1
/ " shaft and are standard
4
production type units.
Na.
No.
No.
No.
No.

39001
39002
39003
39005
39006

CATHODE RAY
TUBE SHIELDS
For many years we have specialized in the design
and manufacture of magnetic metal shields of
nicoloi and mumetal for cathode ray tubes in our
own complete equipment, as well as for applications of all other principal complete equipment
manufacturers. Stock types as well as special designs to customers' specifications promptly available.
No. 80045—Nicoloi for 5" tube
Na. 80043—Nicoloi for 3" tube
No. 80042—Nicoloi for 2' tube

BEZELS FOR
CATHODE RAY TUBES
Five inch bezel with block satIn finish. Complete with
tube cushion, green lucite filter scale and four
screws for quick detachment from panel when
inserting tube.
No. 80075-5"
No. 80073-3"
Na. 80072-2"
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04000 and 11000 SERIES
TRANSMITTING CONDENSERS
A new member of the " Designed for Application" series of transmitting variable air
capacitors is the 04000 series with peak
voltage ratings of 3000, 6000, and 9000
volts. Right angle drive, 1-1 ratio. Adjustable
drive shaft angle for either vertical or sloping
panels. Sturdy construction, thick, roundedged, polished aluminum plates with 13
4 "
/
radius. Constant impedance, heavy current,
multiple finger rotor contactor of new design. Available in all normal capacities.
The 11000 series has 16 1 ratio center
drive and fixed angle drive shaft.
Code
11035
11050
11070
04050
04060
04100
04200

Volts
3000
3000
3000
6000
9000
6000
3000

Capacity
35
50
70
50
60
90
205

Price

12000 and 16000 SERIES
TRANSMITTING CONDENSERS
Rigid heavy channeled aluminum end plates
lsolantite insulation, polished or plain edges
One piece rotor contact spring and connection lug. Compact, easy to mount with connector lugs in convenient locations. Some
plate sizes as 11000 series above.
The 16000 series has same plate sizes as
04000 series. Also has constant impedance,
heavy current, multiple finger rotor contactor of new design. Both 12000 and
16000 series available in single and double
sections and many capacities and plate
spacing.

THE 28000-29000 SERIES
VARIABLE AIR CAPACITORS
"Designed for Application," double bearings, steatite end plates, cadmium or silver
plated brass plates. Single or double section
.022" or . 066" air gap. End plate size:
19 16 - x 11 16". Rotor plate radius: 'A".
Shaft lock, rear shaft extension, special mounting brackets, etc., to meet your requirements.
The 28000 series has semi- circular rotor
plate shape. The 29000 series has approximately straight frequency line rotor plate
shape. Prices quoted on request. Many
stock sizes.

NEUTRALIZING CAPACITOR
Designed originally for use in our own No.
90881 Power Amplifier, the No. 15011 disc
neutralizing capacitor has such unique features as rigid channel frame, horizontal or
vertical mounting, fine thread over- size lead
screw with stop to prevent shorting and
rotor lock. Heavy rounded- edged polished
aluminum plates are 2" diameter. Glazed
Steatite insulation.
No.15011

I.F. TRANSFORMERS
The Millen " Designed for Application" line
of I.F. transformers includes air condenser
tuned, and permeability tuned types for all
applications. Standard stock units are for
456,1600 and 5000 kc.B.F.O.also available.

â,
MALDEN

•

MASSACHUSETTS

TUBE SOCKETS
DESIGNED FOR APPLICATION
MODERN SOCKETS for MODERN TUBES!
Long Flashover path to chassis permits use
with transmitting tubes, 866 rectifiers, etc.
Long leakage path between contacts. Contacts are type proven by hundreds of millions already in government, commercial and
broadcast service, to be extremely dependable. Sockets may be mounted either with or
without metal flange. Mounts in standard
size chassis hole. All types have barrier between contacts and chassis. All but octal and
crystal sockets also have barriers between
individual contacts in addition.
The No. 33888 shield is for use with the
33008 octal socket. By its use, the electrostatic isolation of the grid and plate circuits
of single- ended metal tubes can be increased to secure greater stability and gain.
The 33087 tube clamp is easy to use, easy
to install, effective in function. Available in
special sizes for all types of tubes. Single
hole mounting. Spring steel, cadmium plated.
Cavity Socket Contact Discs, 33446 are for
use with the " Lighthouse" ultra high frequency tube. This set consists of three different size unhardened beryllium copper multifinger contact discs. Heat treating instructions forwarded with each kit for hardening
after spinning or forming to frequency requirements.
Voltage regulator dual contact bayonet
socket, 33991 black Bakelite insulation and
33992 with low loss high leakage mica
filled Bakelite insulation.
No. 33004

$

No. 33005
No. 33006
No. 33007
No. 33008
No. 33888
No. 33087
No. 33002
No. 33102
No. 33202
No. 33302
No. 33446*
No. 33991
No. 33992

*For set of 3. Sinai" rli•c, S

each.

RF CHOKES
Many have copied, few have equalled, and
none have surpassed the genuine original
design Millen Designed for Application series
of midget RF Chokes. The more popular
styles now in constant production are illustrated herewith. Special styles and variations to meet unusual requirements quickly
furnished.
General Specifications: 2.5 mH, 250 mA for
types 34100, 34101, 34102, 34103,
34104, and 1mH, 300 mA for types 34105,
34106, 34107, 34108, 34109.
No.
No.
No.
No.
No.

34100
34101
34102
34103
34104

MALDEN

•

MASSACHUSETTS
CERAMIC PLATE OR
GRID CAPS

Soldering lug and contact one-piece. Lug ears
annealed and solder dipped to facilitate
easy combination " mechanical plus soldered"
connection of cable.
No. 36001-9 16"
No. 36002—%"
No. 36004—W'

SNAP LOCK PLATE CAP
For Mobile, Industrial and other applications
where tighter than normal grip with multiple
finger 360
low resistance contact is required. Contact self-locking when cap is
pressed into position. Insulated snap button
at top releases contact grip for easy removal without damage to tube.
No. 36011-9 16"
No. 36012—/8"

SAFETY TERMINAL
Combination high voltage
bushing Tapered contact
conical socket providing
resistance connection. Pin
in cap to prevent twisting
No. 37001, Black or Red
No. 37501, Low loss

terminal and thrupin fits firmly into
large area, low
is swivel mounted
of lead wire.

TERMINAL STRIP
A sturdy four- terminal strip of molded black
Textolite. Barriers between contacts. "Non
turning" studs, threaded 8 32 each end.
No. 37104

POSTS, PLATES and PLUGS
Designed for Application! Compact, easy to
use. Made in black and red regular bakelite
as well as low loss brown mica filled bake lite or steatite for R.F. uses. Posts have
captive head.
No. 37202 Plates ( pr.)
No. 37212 Plugs
No. 37222 Posts ( pr.)

STEATITE TERMINAL STRIPS
Terminal and lug are one piece. Lugs are
Navy turret type and are free floating so
as not to strain steatite during wide temperature variations. Easy to mount with
series of round holes for integral chassis
bushings.
No.
No.
No.
No.
No.

37302
37303
37304
37305
37306

MIDGET COIL FORMS
Made of low loss mica filled brown bakelite.
Guide funnel makes for easy threading of
leads through pins.
No. 45000
No. 45004
No. 45005

TUNABLE COIL FORM
Standard octal base of low loss mica- filled
bakelite, polystyrene 1
2 " diameter
/
coil
form, heavy aluminum shield, iron tuning slug
of high frequency type, suitable for use up
to 35 mc. Adjusting screw protrudes through
center hole of standard octal socket.
No. 74001, with iron core
No. 74002, less iron core

Midget Absorption Frequency Meters
Many amateurs and experimenters do not realize that one of
the most useful " tools" of the commercial transmitter designer
is a series of very small absorption type frequency meters.
These handy instruments can be poked into small shield compartments, coil cans, corners of chassis, etc., to check harmonics; parasitics; oscillator- doubler, etc., tank tuning; and a
host of other such applications. Quickly enables the design
engineer to find out what is really " going on in a circuit.
Types 90605 thru 90609 are extremely small and designed primarily for engineering laboratory use where they

case to protect against damage and dirt. This latter series is
designed primarily for field use and are not quite as convenient for laboratory use as the 90605 thru 90608 types.
All types have dials directly calibrated in frequency.

Net Price

Description

Code
90604
90605
90606
90607
90608
90609
90610
9061 9
90620
90625
90626
90500
90601

will be handled with reasonable care. The most useful combination being the group of four under code No. 90600 and
covering the total range of from 3.0 to 140 megacycles.
When purchased in sets of four under code No. 90600 a
convenient carrying and storage case is included. Series 90601
are slightly larger and very mi-ch more rugged. They are
further protected by a contour Ming transparent polystyrene

Range 160 to 210 mc.
Range 3.0 to 10 mc.
Range 9.0 to 23 mc.
Range 23 to 60 mc.
Range 50 to 140
Range 1 30 to 170 mc.
Range 105 to 150 mc.
Range 350 to 1000 kc.—Neon Indicator
Range 150 to 350 kc.—Neon Indicator
Range 2 to 6 mc.—Neon Indicator
Range 5.5 to 15 mc.—Neon Indicator
Complete set of 90605 thru 90608, in case
Complete set Field type Frequency Meters in metal carrying case
1.5 to 40 mc.

DISTRICT SALES OFFICES
NEW YORK
Cooper - DiBlasi
25 0 W. 14th Street

SEATTLE
V. Jensen
2616 Second Avenue

SAN FRANCISCO
Russ Hines
328 Ninth Street

DALLAS
Jack Yount
1431 Pleasant Grove Dr.

GREENSBORO, N. C.
Atcheson 8 Adams
P.O. Bay 2158

PHILADELPHIA
1. D. Lowery
1343 Arch Street

INDIANAPOLIS
V. MacNabb
909 E. Westfield Blvd.

CHICAGO
G. G. Ryan
549 W. Washington Blvd.

LOS ANGELES
W. Bert Knight
10373 W. Pico Blvd.

MINNFAPOLIS
Elliott Equipment Co.
712 6th Ayenue South

BOSTON
Harry Gerber
739 Boylston Street

KANSAS CITY
J. O. Schmitz
34th 8 Broadway Aves.

JAMES MILLEN
MAIN OFFICE

CANADA
H. R. Gray
44 Danforth Road
Toronto

MFG. CO., INC.
AND FACTORY

150 EXCHANGE ST., MAIDEN, MASSACHUSETTS, U. S. A.
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IN FAMOUS ASTATIC MI CRO PH O NE S

Model
DR- 10-S

*%14,9

Model
D- 04

Model
T-3

WRITE
FOR
COMPLETE
DETAILS
HE NEWEST addition
f0 s
15.static's

line is the Model

microphone

Model DK-I

10M5. a single button

carbon unit offering new, rugged resistance
to jolts and abuse, and a new level of
performance

quality.

Ideal

response

for

maximum speech intelligibility, 100 to 4,500
c.p.s. range.

Has double-pole, single-throw

switch, with relay and microphone circuits
normally

open (press- to- talk),

can

be

adapted easily to a wide variety of circuits.
The new Astatic Model DK-1 offers output
of

approximately — 55

db

and

excellent
Model
1OMS

frequency range (rising characteristics between 2,000 and 5,000 c.p.s.), in a mike of
tiny size that belies the full professional
performance characteristics. Crystal element
has moisture-proof coating.

THE
Export Department: 401 Broadway, New York
13, N. Y. Cabie Address: ASTATIC, New York.

ASJATIÇ
dietetic Crystal Devices manufactured under Brush Development Co. patents

4
4
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7eigeteeteed OF THE

NEW 1952
PROOF OF THE NEW 0-7 OSCILLOSCOPE'S
OUTSTANDING PERFORMANCE
Below are actual. unretouched photograph, showing the outstand.
ins frequency response characteristics of the NEW 1952 HEATH.
KIT OSCILLOSCOPE MODEL 0-7. To the left is a 10 KC
square wave — to the right a 4 MC sine
wave as they actually appear on the screen.
Twé highly severe tests to make on any
scope ( only the
best of scopes will
show traces like
these) — and the
0-7 really comes
through.

NEW STYLE AND BEAUTY
Style that's modern, yet functional —
that's the trend of today — and HeaMkits are right up to the miture. Nrae
the cur showing the new V-5 and AV- I
cabinet and panel construction. The
front panel and rear cover slide tier
over the recessed flange of the case
thereby eliminating sharp etes and
pointed corners. The voltmeter kac
aren't -shelf" or -inotanted•
they're moved about tin du:
bench a lot and thus the new compact
size and specially designed cabinets
—Another 1952 Heachkit feature.

A STATEMENT ; ROM
CHICAGO TRANSFORMER
it is indeed grant- it-1g to note

the outstanding sales records you are building with your

A STATEMENT FROM
SIMPSON ELECTRIC CO.

Heathkits.
This sales success is readily understandable. since we ate cognizant of the high
quality standards you have established for

In choosing Simpson Meters for their Heath.
kit VTVM, the Heath Co. has set a new high
standard of kit meter quality. The same high
quality of material, workmanship and design that has given Simpson the reputation
for building " Instruments That Stay Accurate" is found in the Heathkit Meter Movement.

your component suppliers.
We at Chicago Transformer are proud that
our f•roduct has contributed to the recognized quality and increasing popularity of
Heatbkits.
CHICAGO TRANSFORMER DIVISION
Essex Wire. Corporation

SIGNED
SIMPSON ELECTRIC CO.

L. G. RACINE
Vi. e-Prenident and Sales Manager

HEATHKIT PRECISION RESISTORS
Where exact resistance values are required for
instrument accuracy, the Heath Co. has spared
no effort in supplying the finest resistors available. Precision resistors as manufactured by
Continental Carbon Inc., and Wilcor Corp.,
meet the rigorous JAN IJoint Army-Navy)
specifications and are small in size, extremely
non- inductive. highly stable, have a low temperature coefficient, and can be held to great
accuracy. You'll find quality components in
Heathkits.

YOU SAVE BY ORDERING

COLLEGES USE NEATMOTS
Cadlep..% and InivE r‘irie, throughout the country are using He. .th.
Lits in their electri,al engineering.
radio, and physics laboratories —
Heathkits are the answer to good
rest
beingequipment
rugged. dependabli..
ar low . 031.
and accurate Trade schools are haying
their student, build Hearhkits to
obtain a first hand working
knowledge of test equipment and
to get the practical experience
gained by construction. Heath.
kits fill school needs.

DIRECT FROM MANUFACTURER— USE

ORDER BLANK ON LAST PAGE
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'Head

LABORATORY

LINE

HEATHKITS

NEW

V

MOOS AV-1

Shipping weight 5 lbs.

s29
N EW

OLTMETE
A.C. VACUUM

the
A NEW
ideal instrume
Fleatnit
nt Audio
for determining
Frequencyfrequent:,
Meter
fro m 20 cycles to 100 k(.. Set the selech o
switch to the proper mile — feed the signal
into the input terminal s— and read the frequency from the meter — completely simple to
operate. and yet dependable results.
Quality Simpso n 200 microampe re meter
has tw o plainly marked «tales 10-100, 0.500.
Thcse scales, read in conganction with the cese n
positio n selector switch..eiv e full stale readings
of 100, 300, 1000, 3000. 113,000, . 0,00(1, and
cycles. Convenient ranges for f
ast and

'.."Ïoi
re 'gdrienre:st accuracy. the 1-1. I
0 ratio of
to
ranges is maintained and sach range has indi•
vidual calibrating control.
Input impedance is hi gh ( Imcgo hm / for negligible ciecuit loading. A signal
voltage anywhere betwee n 2 and 300V can be fed direct4 Ono ,
he instrume nt
and a chang e Sn signal voltage britwi-en these limits will not atfect the meter
reading. In addition. input wave shape is not critical ( the unit u-al read the
frequency of eithe r sine wave or square wave input).
tube
complement
consists
of anS.1 -1amplifier and clipper. 6V6 amplifier
OD3/VR
andThe
clippe
I5
r5)vol
6Htage
6 meter
regulator.
pulse rectifier, 6X5 power su

pply rectifie r, and
Constructio n is simple, and quality zomponen ts are used throughout.

NEW

NEW Vfeeeteee

INTERMODULATION
ANALYZER KIT
Intermodulat ion te,ing oi audlo tqu i
,.
ment is rapidly being accepted by
more and more engineers and audio
experts as the best way to determine
the characteristics of audio amplifiers.
recording systems. networks, etc. —
shows up those undesirible characteristics which contribute to listening fatigue when all other method , fail.
The Hcathkit Intermodulation Analyaer supplies achoice of two high fix,
quencies ( 3000 cycles and a higher fre•
quency 1 and one low frequency t60
cycles). Both Iihor • i
i
I ratios of low
to high frequencies can be set up for

i
nst rument.
You won't want t
o be without

The new He.ithkit Square \X'ave ( r-emit-aim- Kit with it,
Ki: squat, we, opens an entirely new
field of audio testing. Square wave testing over this wid.• range will quickly show high and low
frequency response characteristics of circuits — permit easy ,adjustment of high frequency conspensating networks used in vidio amplifiers — identify ringing in circuits — demonstrate transformer characteristics. etc.
The circuitry consists of a multivibrator stage, aclipping and squaring stage, and acathode follower output stage. The power supply is transformer operated and utilizes a full was-e rectifier tube
with 2sections of LC filtering.
As a multivibrator cannot be accurately calibrated, a provision is provided to allow the instrument to be accurately synchronized with an accurate external source when extreme accuracy is
required.
The low impedance output is continuously variable between 0 and 25 volts and operation is
simple. You'll really appreciate the wide range of this in a•urrent, 10 cycles to Inn kilocycles —
cominuuusly variablc'. Kit is c,,mplett_ with all pants and in tructin manual. and j, ea.n.y t,,

YOU SAYE BY ORDERING

NEW YORK CIT . ( It)
Km. ààààà •

MODEL IM- 1

1M testing, and the ratios are easily set
by means of apan el control and the inShipping wt. 15 lbs.
strument '
s own VTVM. An output level
contro lsu pplies the mixe d signal at the
$ 39 5 ?
desired level with an output impedance of
two thousand ohms. The Analyzer seslion
has input les-el control and proper
filter
sVTVM
to
rea'd
ui
ts
intermodulation
instrument
feeding the
di rectly on full sale range. of 30'.: . 10'.; 20,1
Cif
Ç. Built•in power supply f
urnishes all necessary voltages for operating
t
he

qieetedeee SQUARE WAVE
GENERATOR KIT

110(5EINTEINATIONAL ( 011/.

KIT

We-eteeeee
'

MODEL AF 1

i
n-

TUBE

Now — as a Heathkit — at a
price anyone can afford. an AC VTVM.
A new kit to make possible those sensitive AC
measurements required by audio enthusiasts, laboratories. and experimentors.
Here is the kit that the audio men have been looking . for. Its tremendous range
of coverage makes possible measurements of audio amplifier frequency response
— gain or loss of audio stages — characteristics of audio filters and attenuators —
hum investigation — and literally amultitude of others. Ten ranges consisting of
full scale .01..03, . 1..3. I. 3. 10. 30. 100, 300 volts RMS assure easy and more
accurate readings. Ten ranges on DB provide for measurements from — 52 to
-I-52 DB. Frequency response within 1DB from 20 cycles to 50 KC.
The ingenious circuitry incorporates precision multiplier resistors for accuracy.
two amplifier stages using miniature tubes, aunique bridge rectifier meter circuit.
quality Simpson meter with 200 microampere movement, and a clean layout of
paris for easy wiring. A high degree of inverse feedback provides for stability and
linearity.
Simple operation is accomplished by the use of only one control, a range
switch which changes the voltage ranges in multiples of 1 and 3, ar.d DB
ranges in steps of 10.
The instrument is extremely compact. cabinet size --11k" deep x
4-1 1 / IA" wide x PS" high, and the newly designed cabinet makes this
the companion piece to the VTVIs1. For audio work, this kit is a natural.

AUDIO FREQUENCY METER KIT

SQ
W

q ieatitee

this new and efficient means of testing

MODEL 50-1
Shippirg

wt.

14

lbs

$29 5°

DIRECT FROM MANUFACTURER- USE ORDER BLANK
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qieateeee
VTVM
KIT
MODEL V-5
SHIPPING WT. 5 LBS.

eateeted

A real beauty — you'll have only highest praise for this NEW MODEL
VACUUM TIME VOLTMETER. Truly a beautiful little instrument — and
it's more compact than any of our previous models. Note the new rounded
edges on the front panel and rear cover. The size is greatly reduced to occupy
a minimum of space on your workbench — yet the miner remains the same
large size with plainly marked scales.
A set ot specially designed control mounting brackets permit calibration
to be performed with greatest ease — also makes for ease in wiring. New
battery mounting clamp holds ohms battery tightly into place, and base
spring clip iosures a good connection to the anms string of resistors.
The circuitry employs two vacuum tubes — A duo diode operating when
AC voltage measurements are taken, and a twin triode in the circuit at all
times. The cathode balancing circuit of the twin triode assures sensitive
measurements, and yet offers complete proteaion to the meter movement.
Makes the meter burn-out proof in a properly constructed instrument.
Quality components are used throughout — 1,4 precision resistors in
the mult .
..plier cicuit—conservatively rated power transformer— Simpson
meter movement — excellent positive decent, smooth acting switches —
sturdy cabine:, ca.
And you can make a tremendous range of measurements — ! 2V to
1000V AC, 1
/ 11 to 1000V DC, . 1 to over 1 billion ohms, and DB.
2
Ilas mid•scale zoo level marking for quick FM alignment. DB scale in
red for easy tdentificacion — all other scales a sharp, crisp black for
for easy reading.
A four position selector switch allows operator to rapidly set the instrument for type or reading desired—positions include ACV,DC±V.
DC— V, and Ohms. DC— position allows negative voltage to be
rapidly taken. Zero adjust and ohms adjust controls are conveniently
located on front panel.
Enjoy Me numerous advantages of using a VTVhf. Its high input
impedance doern't -load" circuits under test — therefore, assures
Iflore accurate and dependable readings in high impedance circuits
such as resistame coupled amplifiers, AVC circuits, etc. Note the
VDC probe kit and the RF probe kit — available at low
extra cost aml specially designed for use with this instrument. With
these two probes, you can make DC voltage measurements up to
!0,000V„ ar make RF measurements — added usefulness to an
already highly tneful instrument.
The Murano..in manual is absolutely complete — contains a
host of fuees. pintorials, schematic, detailed step-by•step instructions, and circua description. These clear, detailed instructions
make asannhly wcinch.
And every part is included — meter, all controls, pilot light,
switches, text leads, cabinet, instruction manual, etc.

YOU

5:AVE BY

ROUE INTEVIMIONAL
NEW YOE«

CITY CIE)

Le. /40L.

Y

ORDERING

"Tee

DIRECT FROM

• New styling, — formed case for beauty.
• New truly compact size. Cabinet 41/
8" deep by 4-11/16" wide by 7
3/e"
high.
• Qual.ty 200 microomp meter.
• New ohms battery holding clamp and spring clip — assurance of good
elertrical contact.
• Highest quality precision resistors in multiplier circuit.
• Calibrates on both AC and DC for maximum accuracy.
• Terific coverage — reads from 1,,V to 1000V AC, 1/
2V to 1000V DC, and
.1 to over 1billion ohms resistance.
• Large, clearly marked meter scales indicate ohms, AC Volts, DC Volts,
and DB — has zero set mark for FM alignment.
• New styling presents attractive and professional appearance.
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qteeatede
OSCILLOSCOPE
KIT
MODEL 0-7
SHIPPING WEIGHT 24 LBS.

7eateeted
• New"spot shape" control for spot adjustment — to give really sharp
focusing.
• A total of ten tubes including CR tube and five miniatures.
• Cascaded vertical amplifiers followed by phase splitter and balanced
push-pull deflection amplifiers.
• Greatly reduced retrace time.
• Step attenuated — frequency compensated — cathode follower vertical
input.
• Low impedance vertical gain control for minimum distortion.
o New mounting of phase splitter and deflection amplifier tubes near CR
tube base.
• Greatly simplified wiring layout.
• Increased frequency response — useful to 5Mc.
• Tremendous sensitivity . 03V RMS per inch Vertical — . 6V RMS per inch
Norizontol.
• Dual control in vernier sweep frequency circuit — smoother acting.
is Positive or negative peak internal synchronization.

NEW INEXPENSIVE

*
Vteeette-it

ELECTRONIC SWITCH KIT
he companion piece to a scope. — Feed
veto different signals into the switch, connect its output to a scope, and you can
obsenm beh signals — each as an individual trace. Gain of each input is easily
set ( gain A and gain 13 controls), the
switching frequency is simple to adjust
(coarse and fine frequency controls) and
the traces can be superimposed for corn.
parison or separated for individual study

T

(position
Use thecontre).
switch to see distortion, phase
shift, clipping due to improper bias, both
the input and output traces of an ampli.
flee — as a square wave generator over
limited
range.
The kit
is complete; all tubes, switches,
cabinet, power transformer and all other
parts, plus a cleat detailed construction

Model 5-2 1 lbs.
shipPmg Wt.
eilet
$19 SO
•

manual.

YOU SAVE BY ORDERING

14•08

The performance of the NEW, IMPROVED,
HEATHKIT 5" OSCILLOSCOPE KIT is truly
amazing. The 0-7 not only compares favorably
with equipment costing 4 and 5 times as much, but in many . ases iitcrally. surpasses the really expensive equipment. The new, and carefully engineered circuit incorporates the best in electronic design — and a multitude of excellent features all contribute to the outstanding performance
of the new scope.
The VERTICAL CHANNEL han a step attenuated, frequency compensated vertical input which feeds a cathode follower stage — this
accomplishes improved frequency response, presents a high impedance
input, and places the vertical gain control in a low impedance circuit for
minimum distortion. Following the cathode follower stage is a twin triode
— cascaded amplifiers to contribute to the scope's extremely high sensitivity. Next comes a phase splitter stage which properly drive-, the pushhi-gain, deflection amplifiers ( whose plates are directly coupled
to the vertical deflection plates). This fine tube lineup and actuary
give asensitivity of . 03V per inch RMS vertical and useful frequency
response so 5 Mc.
The HORIZONTAL CHANNEL consists of a triode phase splitter with a dual potentiometer ( horizontal gain control ) in its plate
and cathode circuits for smooth, proper driving of the push-pull
horizontal deflection amplifiers. As in the vertical channel, horizontal deflection amplifier plates are direct coupled to the CR. tube
horizontal deflection plates ( for improved frequency response).
The WIDE-RANGE SWEEP GENERATOR circuit incorporates
a twin eriode multivibrator stage for producing a good saweooth
sweep frequency ( with faster retrace time). Has both coarse and
vernies sweep frequency controls.
And the scope has internal synchronization which operates on
either positive or negative peaks of the input signal — both high
and low voltage rectifiers — Z axis modulation ( intensity modulation) — new spot shape ( astigmatism) control for spot adjustment — provisions for external synchronization — vertical
centering and horizontal centering controls, wide range foots
control — and an intensity control for giving plenty of trace
brilliance.
The Model 0-7 EVEN HAS GREAT NEW MECHANICsIL
FEATURES — A special extra-wide CR tube mounting bracRet
is provided so that the vertical cascade amplifier, vertical phase
splixter, vertical deflection amplifier, and horizontal deflection
amplifier can mount near the base of the CR tube. Thin permits close connection between the above stages and to the
deflection plans; distributed wiring capacity is greatly leduced, thereby affording increased high frequency response.
The power tonsformer is specially designed so as to keep
is electrostatic and electromagnetic fields to a minimum
— also has an internal shield with external ground lead.
You'll like the complete instructions showing all details
for easily building the kit — includes pictorials, steplestFp construction procedure, numerous sketches, whematrc,
circuit description. All necessary components included—
transformer, cabinet, all tubes ( including CR tube), completely punched and formed chassis— nothing eLe to Su7.
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This Impedance Bridge Kit is really a favorite with schools, industrial laboratories,
and serious experimenters. An invaluable instrument for those doing electrical
measurements work. Reads resistance from . 01 Ohms to 10 meg. , capacitance
from . 00001 to 100 MFD, inductance from 10 microhenries to 100 henries, dissipation factor from . 002 to I, and storage factor from 1 to 1000. And you don't have
to worry about selecting the proper bridge circuit for the various measurements — the
instrument automatically makes the correct circuit when you set up for taking the
measurement you want. Bridge utilizes Wheatstone, Hay, Maxwell. and capacitance
comparison circuits for the wide range and types of measurements possible. And its self
powered— has internal battery and 1000 cycle hummer. No external generator required
— has provisions for external generator if measurements at other than 1000 cycles arc
desire" Kit utilizes only higbest quality parts, General Radio main calibrated control.
Mallory ceramic switches, excellent 200 microamp zero center galvanometer, laboratory type binding posts with standard
inch
centers, I',), precision ceramic- body type multiplier resistors, beautiful birch cabinet and ready calibrated panel. ( Headphones not

$69 5°

Model 111-18
Shipping Wt. 15 lbs.

reeatte"

LABORATORY

'iceztece" LABORATORY

POWER SUPPLY KITS

RESISTANCE DECADE KIT
MODEL
RD.-1

4

An indispensable piece

ta nce

é N
41e\

you

50 MA ........
Risher lo a ds:

For

to 99,9 99 ohms
greatest
precision

accuracy,

ceramic-

body type resistors and
hi ghes t quality ceram ic
wafer switches

are use

match the Impedance Bridge

•

above.

the Resistance Decade Kit has a beautiful birch cabinet and attractive panel.
com'plete with all

It's

easy to build,

parts and construction

and

comes

1)6.ya

This fine Heathisit Amplifier was designed to
give quality reproduction
and yet remain low in
price. Has two preamp
stages, phase inverter
stage, and push-pull beam

power output. Comes complete with six tubes, quality
output trandormer ( to 3-4 ohm voice coil), husky
cased power transformer and all other parts. Has tone
and volume controls. Instruction manual has pictorial
for easy assembly. Six watts output with response flat
11
/ .clb from 50 to 15,000 cycles. A quality ampli2
fier kit at a low prise. Better build one.

YOU SAVE BY ORDERING

Variable
25 -250V DC
drops off proportionally

•

''
'
,0111n1V•
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aerm

lb,

HIGH FIDELITY . . . 20 WATT

Our latest and finest amplifier — the model A-6
(or A-6A) is capable of a full 20 Watts of
high fidelity output — good faithful reproduction made possible through careful circuit design and the use of only highest quality components. Frequency response within W 1 db
from 20-20,000 cycles. Distortion at 3 db
below maximum power output ( at 1000 cycles)
is only SIl.. The power transformer is rugged
and conservatively rated and will deliver full
plate and filament supply with ease. The output transformer was selected because of its
exceptionally good frequency response and wide
range of output impedances (. 1-8-16-150-600
ohms). Both arc Chicago Transformers in
drawn steel case for shielding and maximum
protection to windings. The unit has dual tone
Shipping Wt. 18 lbs.
controls to set the output for the tonal quality desired — treble control attentuates up
to 15 db at 10,000 cycles — bass control gives bass boost up to 10 db at 50 cycles.
Tube complement consists of 51.),IG rectifier, 6S17 voltage amplifier, 6SN7 amplifier
and phase splitter, and two 61.6s in push-pull output. Comes complete with all parts
and detailed construction manual. ( Speaker not included.)
MODEL A-6: For tuner and crystal phono inputs. Has two position selector switch for
convenient switching to type of input desired.

$33 5°

MODEL A-6A: Features an added 6SJ7 stage ( preamplifier) for operating from variable
reluctance cartridge phono pickup, mike input, and either tuner or standard crystal phono
pickup. A three position selector switch provides flexible switching. $ 35 . 50
Shipping Wt. 18 lbs.

DIRECT FROM MANUFACTURER— USE

ORDER BLANK

toes.
MERE INTERNATIONAL IOU.
NEW

20

Comes with power transformer, filament transformer, meter, 5Y3 rect ifi er.
two 1619 contro ltubes, completely punch ed an d formed chassis. panel. cabinet.
detailed construct i
on manual, and all other parts ro make th e ki t complete.

AMPLIFIER KIT

AMPLIFIER KIT

Ship. Wt. 8 lbs.

DC
DC

it. I
Every experimenter needs a good power sup.
10
ply or el ectronic
setups of all ki nds. This ..... .
unit has been expressly desi gne d to act as a
14 V supply an d a 6.3
V
filament
volt age
source. Voltage contro l allows
selection
of
HV output des i
red
(continuously
variable
within li m i
ts
outlined),
and
a
Volts.bla
switch provides cho i
ce of output metering.
$2 950
A large plainly marked and direct readin g
meter scale i
ndi cates either DC voltage out.
in Vol
ts or DC
ange of me ter 0- 500V
D.C., put
0-200 bla.
current
in M.•
M odel PS- 1 ..... Ship. Wt
D.C.). Ins trument has convenient stand-by position and pilot light.

..,eeezeiter

ECONOMY . . . 6 WATT

Model A-4

Voltage

30310V

manual.

yeeeiteeet"

No. 304 13 inch
speaker...

Variable 150-400V
Variabl e

le

se ttin gs

IN ONE OHM STEPS.

Wt. 4 lbs.

Designed to

25 MA ........

Decade K it gives
resistance

Irons

$19 5?
Shipp i
ng

No lo a d..............

of laboratory equipment
the Heat hkit Resis-

\

included.)
Take the guesswork out of electrical measurements — order your
Ileathkit Impedance Bridge kit today — you'll like it.

0.)
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Can be used as battery charger.
Continuously variable output 0 - 8Volts — not switch type.
Heavy duty Mallory 17 disk type magnesium copper sulfide rectifier.
Automatic overload relay for maximum protection. Self-resetting type.
Ideal for battery, aircraft and marine radios.
Dual Volt and Ammeters read both voltage and amperage continually — no
switching.

The new Heathkit Model 13E- 3 incorporates the best. Continuously variable output control is of the variable transformer type with smooth wiper type contacts.
There arc no switches or steps and voltage between 0 and 8 Volts is available
at IO Amperes continuous and 15 Amperes intermittent. Maximum safety from
overloads and shorts provided by automatic overload switch which resets itself
when overload is removed.
The new rectifier is a 17 plate Mallory magnesium copper sulfide type. This
is the most rugged type available for long trouble- free use.
Output is continuously metered by both a 0-15 Volt Voltmeter and a 0-15 Amp
Ammeter. Shorted vibrators indicated instantly by ammeter.
Equip now for all types of service — aircraft — marine — auto and battery radios —
this inexpensive instrument vastly increases service possibilities — better be ready when
the customer walks in.

Model BE- 3
Shipping Wt. 19 lbs.

SINE

AUDIO

NEW
AND

de,a-eititie

THE NEW qdecteitee

SQUARE WAVE

GENERATOR

Dc,ignel with versatility. usefulness.
and dependab ilit y in mind. the AG-7
gives you the two most needed wave
shapes right at your fingertips -- the
sine wave and the square wave.
The range switch and plainly calibrated frequency scale give rapid and
c
ny frequency selection, and the output
control permits setting the output to
any desired level.
A high-low impedance switch sets
the instrument for either high or low
impedance output —on high In connect a high impedance load, and on
May to work into a low impedance
transformer with negligible DC II:-

HANDITESTER

KIT

A precision portable vo l
t.
ohm milliammeter. Uses only
high quality parts— All precision l',; resistors, three
deck switch for trouble Ire
mounting of parts, specially
designed battery mounting
hracket, smooth acting ohm
adjust control, beautiful
molded bakelite case. 400
micro-amp meter movement,
etc.

Model AG- 7
Shipping Wt. 15 lbs.

45•
°

Sistancc.
c
rage
is f
rom
20 to 20.000
cycles, and distortion is at a minimum
— you can really trust the output wave
shape.
Six tubes, quality .1gang
con'
er. tuning
meta lcased
denser,
filtrareform
ter condenser.
power
I3 precision resisto rs in the frequency determi ni
ng circuit, and all
other parts come with the kit —plus. a complete construction manual — A treove

mendous kit, and the price is truly low.

T.V.

NEW

DC and AC voltage ranges
10 - 30 - 300 - 1000 - 5000V.
Ohms range (1- 3000 and 0 300,000. Range Afilliam
peres 0.10 M a, 0 - 100 Ma.Easily assembled from complete instructions
torial diagrams.

an d

Pic-

Model At I•

GENERATOR

Here is an excellent TV Alignment Gene7ator designed to dii TV service work quickly,
(ask, and properly. The Model TS- 2 when used in conjunction with an oscilloscope provides ameans of correctly aligning television receivers.
The instrument provides afrequency modulated signal covering, in two bands, the range
of 10 to 90 Mc. and 150 to 210 hie.— thus. ALL ALLOCATED TV CHANNELS AS
WELL AS IF FREQUENCIES ARE COVERED.
An absorption type frequency marker covers from 20 to 75 Nfc. in two ranges — therefore, you have a simple, convenient means of frequency checking uf IFs, independent of
oscillator calibration.
Sweep width is controlled front the front panel and orvers a sweep deviation of 0-12
151c.— all the sweep you could possibly need or want.
And still other excellent features are: Hiirizontal sweep voltage
available at the front panel rand controlled with a phasing conModel TS- 3
trol — both step and continuously variable attenuation for setting
Shipping Wt. 20 lbs.
the output sign il to the desired level — a zonvenient instrument
stand-by position — vernier drive of both oscillator and marker
timing condensers — and blanking for establishing a single traor
with base reference level. Make your work caster, save time, uni
7cpair with confidence — order your Heathkit TV Alignment

eij'50
shipping Wt. 3 lbs

q‘Ccteddet"

ALIGNMENT

KIT

KIT

-

x

950

thiiiiTier
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._ •
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SIGNAL GENERATOR
KIT

Model SG-6
Shipping Wt. 7lbs
The new Heathkit Signal Generator Kit has dozens of improvements. Covers
the extended range of 160 Kc to 50 megacycles on fundamentals and up to 150
megacycles on useful calibrated harmonics; makes this Heathkit ideal as a
marker oscillator for TV. Output level can be conveniently set by means of both
step attenuator and continuously variable output controls. Instrument has new
miniature }IF tubes to easily handle the high frequencies covered.
Uses 6C.4 master oscillator and 6C4 sine wave audio oscillator. The kit is
transformer operated and ahusky selenium rectifier is used in the power supply.
All coils are precision wound and checked for calibration making only one
adjustment necessary for all bands.
New sine wave audio oscillator provides internal modulation and is also available
for external audio testing. Switch provided allows the oscillator to be modulated by
an external audio oscillator for fidelity testing of receivers. Comes complete, all tubes,
cabinet, test leads, every part. The instruction manual has step-by-step instructions and
pictorials. It's easy and fun to build a Heathkit Model SG-6 Signal Generator.

v"eateece

CONDENSER CHECKER KIT
dot4
$19 5

Shippi ng

?

Model C-2
Shipping Wt 6 lbs.

Checks all types of condensers
— paper — mica — ceramic
— electrolytic. All condenser
scales are direct reading and require no charts or multipliers.
users range of . 00001 MFD
to
-. 1000 MED. A Condenser Checker that anyone can read. A leakage
test and polarizing voltage for 20 to 500 V provided. Measures
power factor tif electrolytics between Vi and 5Vi and reads resistance from 100 ohms to 5 megohms. The magic eye indicator

wt. 7 lb..

The popular Heathkit Signal
Tracer has now been combined with a universal rest
speaker at no increase in price.
The same high quality trace r
follows signal fro m antenna
to speaker — locates i
nte rmitterics —.. finds .
iefective parts quicker
— saves valuable service rime — gives greater income per service
hour. Works equally well on broadcast. FM, or TV receivers.
The test speaker has an assortment of switching ranges to match
either push-pull or single output impedances. Also rests microphones. pickups and PA systems. Comes complete: cabinet, 110V
and
deta il ed instructions for assembly and ii.
6 0 cycl e power transformer, rube test prob.., all necessary parts,

The kit is I10V 60 cycle transfo rmer operated and comes complete with rectifier tube, magic eye tube, cabinet, calibrated panel and
all other parts. Has clear detailed instructions for assembly and use.

qieetiedee
TUBE

5
Model IC- 1
Shipping Wt. 12 lbs.

CHECKER

KIT

The Tube Checker is a MUST for radio repair men. Often customers want to SEE tubes
checked, and achecker like this builds customer confidence. In your :epairing, you will have a
multitude of tubes to check — quickly. The Heathkit tube checker will serve all these functions
— it's good looking ( with a polished birch cabinet and an attractive two color panel> —
checks 4. 5. 6, 7 prong Octals. Loctals, 7 prong miniatu:es. 9 prom: miniatures, pilot lights,
and the Hytron 5 prong types. AND IT'S FAST TO OPERATE — the gear driven, freerunning roll chart lists hundreds of tubes, and the smooth acting, simplified switching arrangement gives really rapid set-ups.
The testing arrangement is designed so that you will h- able to te ,tnew tubes of the futute
— without even waiting for factory data — protection against obsolt.scence.
You can give tubes a thorough testing — checks for opens, shorts, each element
individually, emission, and for filament continuity. A large BAD-?-GOOD meter scale
is in three colors for easy reading and also has a-lice-set - marl:.
•
You'll find this tube checker kit agood investment — and it's only S29.50.

YOU SAVE Of' ORDERING DIRECT FROM MANUFACTURER— USE ORDER BLANK ON LAST PAGE

VirOer

RORKE INTERNATIONAL ( ORP.
NEW

YORK

( IN)

'Tee ti

i Du

... BENTON HARBOR

or_ cm pim ribAtow
26,

MICHIGAN

Pe
71111111r

50

caddie RECEIVER & TUNER KITS for AM and FM
,.

Model BR- 1 Broadcast
Model Kit covers 550
to 1600 Kc. Shipping

•

Model AR- I 3 Band
Receiver Kit covers 550
.Kc. to over 20 Mc. continuous.Extremely high
sensitivity. Shipping
10 lbs.

Wt. 10 lbs.

950

•

Wt.

•

TWO

QUALITY

HIGH

qieciedece

RECEIVER

SUPERHETRODYNE

23,
$

5

KITS

Two excellent Heathkits. Ideal for schools, replacement of worn out receivers, amateur and custom installations.
Both are transformer operated quality units. The hest of materials used throughout — six inch calibrated slide role dial — quality
power output transformers — dual iron core shielded. I.F. coils — metal cased filter condenser. The chassis has phono input jacks, Ill) Volt
output for phono motor and there is a phono -radio switch on panel. A large metal panel simplifying installation in used console cabinets
is included. Comes complete with tubes and instruction manual incorporating pictorials and step-by-step instructions ( less speaker and
cabinet). The three band model has simple coil turret which is assembled separately for case of construction.

TRUE
q
1.
1
t.,
,

r

Model

FM- 2

e

$

2

so

•

FM

FROM

ieseeddle

FM TUNER KIT

for best tonal reproduction. The
The Iic.iiiikit 1.1‘1 Tuner Model FM- 2 was designed .
circuit incorporates the most desirable FM features — true FBI.
Utilizes 8 tubes: 7E5 Oscillator, 6SH7 mixer: two 6SH7 IF amplifiers, 6SH7 limiter,
two 7C4 diodes as discriminator, and 6X5 rectifier.
The instrument is transformer operated making it safe for connection to any type
receiver or amplifier. Has ready wound and adjusted RF coils, and 2 stages of 10.7 Mc IF
(including limiter). A calibrated six inch slide rule dial has vernier drive for easy tunAll parts and complete construction manual furnished.
ing.

.7e...-----K
I
Ship. Wt.

9 nos.
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D Parcel Post
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D Freight
D Be tWay

,
Item

Quantity

Price

Item

Quantity

Heathkit Oscilloscope Kit — Model 0-7

Heathkit N.V. Probe Kit — No. 336

Heathkit VTVM Kit — Model V-5

Heathkit R.F. Signal Gen. Kit — Model SG-6

Heathkit FM Tuner Kit — FM-2

Heathkit Condenser Checker Kit — Mode! C-2

Heathkit Broadcast Receiver Kit — Model BR- 1

Heathkit Handitester Kit — Model M-1

Heathkit Three Band Receiver Kit—Model AR- 1

Heathkit Power Supply Kit — Model PS- I

Heathkit Amplifier Kit — Model A-4

Heathkit Resistance Decade Kit — Model RD- 1

Heathkit Amplifier Kit — Model A-6 (or A-6A)

Heathkit Impedance Bridge Kit — Model IB-18

Heathkit Tube Checker Kit — Model TC-1

Heathkit A.C. VTVM-KIT — Model AV- 1

Heathkit Audio Generator Kit — Model AG-7

Heathkit Intermodul. Analyzer Kit—Model IM 1

Heathkit Battery Eliminator Kit — Model BE- 3

Heathkit Audio Freq. Meter Kit — Model AF- 1

Heathkit Electronic Switch Kit— Model S-2

Heathkit Square Wave Gen. Kit — Model SQ-1

Price

Heathkit T.V. Alignment Gen. Kit — TS-2
Heathkit Signal Tracer Kit — Model T-2
Heathkit R.F. Probe Kit — No. 309
On Parcel Post Orders, include postage for weight shown and insurance. (
We insure all shipments.)

Enclosed find D Check

El Money Order for

On Express Orders, do not include transportation charges — they
will be collected by the Express Agency at time of delivery.

Please ship C.O.D. D

Postage enclosed for

ALL PRICES SUBJECT TO CHANGE WITHOUT NOTICE
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toughest transformers
wear these exclusive

ONE-PIECE DRAWN- STEEL CASES

New Equipment
Transformers
s
re
the only complete, versatile** line with
tough Sealed-in- Steel construction
When tougher transformers are made, CHICAGO makes
them— in rugged, streamlined drawn- steel cases that
provide the fullest enclosure and protection, that
look well with other modern electronic components
and enhance the appearance of the equipment. The
exclusive CHICAGO one-piece drawn- steel case ( no
seams or spot welds) is the strongest, toughest type
of mechanical construction. Further, the one-piece
design provides acontinuous electrical and magnetic
path which means better electrostatic and magnetic
shielding. Seamless construction assures maximum
protection against adverse atmospheric conditions—
means longer, more dependable transformer life.
Whether your transformers must pass the most
rigid MIL-T-27 specifications or are intended simply
for average, normal applications, it's wise to choose
CHICAGO "Sealed- in-Steel" Transformers ( the world's
toughest) for that extra margin of dependability under all operating conditions.
Free "New Equipment" Catalog

'elegje;

Write for
CHICAGO'S
"New Equipment"
Catalog
Today

Get tbe full details on CHICAGO'S New
Equipment Line— covering "Sealed- in- Steel"
transformers designed for every modern
circuit application. Write for your copy of
this important catalog today, or get it from
your electronic parts distributor.

3501 ADDISON STREET •

*COMPLETE. There's aCHICAGO"Sealed in- Steel" unit for every application: Power,
Bias, Filament, Filter Reactor, Audio,
MIL-T-27, Stepdown, Isolation— all in onepiece, drawn- steel cases.

"'VERSATILE. Available in 3constructions
to meet most requirements— a type for
every application.

H-Type. Steel base cover is deep- seal
soldered into case. Terminals hermetically
sealed. Ceramic bushings. Stud- mounted
unit. Meets all MIL-T-27 specs.
S-Type. Steel base cover fitted with phenolic terminal board.Convenient numbered
solder lug terminals. Flange- mounted unit.
C-Type. With 10'' color- coded stripped
and tinned leads brought out through fibre
board base cover. Flange- mounted unit.

CHICAGO 18, ILLINOIS

51

E. F. JOHNSON
WASECA,

COMPANY

MINNESOTA

The products included on these six pages represent only part of the extensive
JOHNSON line. Ask your distributor or write JOHNSON for complete catalog.

THE VIKING

1 TRANSMITTER KIT

Conservatively rated at 100 watts AM phone output, 115 watts CW. Incorporate
features such as band- switching, crystal control or optional VFO input, pi- network outpi
tuning and complete coverage of all amateur bands from 160 to 10 meters. In additia
to amateur use, the Viking 1is also designed to operate at frequencies assigned to man
commercial services.
VFO drive requirements are very slight. Only six volts of 7.5 mc. RF is required for fu
output at 30 mcs., less for the 14 and 7 mc. bands. Two volts of 1.75 mc. VFO output
ample excitation for 1.75 and 3.5 mc. output.
Delivering full output on phone with 115 volts 50/60 cycle line voltage, the tray!
miner's power consumption is 350 watts. With line voltage between 105 and 120 volt
performance is satisfactory.
In addition to being a completely self-contained, compact, and efficient 100 wa
transmitter, the Viking 1 can be used as a driver for a kilowatt amplifier. Full output
the modulator is available at a nominal 500 ohms impedance.
Clear, complete, easy-to- follow instructions make assembly easy— assure perfec
performance. Everything needed is included. No holes to drill, every part is furnishe
including cabinet, wiring harness, screws, nuts, washers, solder terminals, wire, gramme
—everything! See it at your jobbers today— or write for literature.
Tube Line Up
6AU6 crystal oscillator
6AQ5 buffer/doubler
4D32 final amplifier

VIKING VFO

6AU6 voltage amplifier
6AU6 driver
807 pp modulators

240-101 Complete, less tubes, crystals, key, mike

5R4 HV rectifiers
5Z4 LV rectifier
6AL5 bias rectife
Amateur Net $ 209.51

THE VIKING VFO KIT

The JOHNSON VFO is designed for simple plug-in connection to the Viking 1 but
readily adapted to many similar transmitters. It provides output in excess of the require
ments of the Viking 1listed above. Two separate, temperature compensated tank circui
cover 1.75-2.0 mc., 7.0-7.425 mc. and 6.7 to 7.0 mc. Intended for use with frequenc
multipliers, the oscillator is calibrated for the amateur bands from 160 thru 10-11 meter
Screen voltage regulation, rigid construction, ceramic insulated air dielectric high and lo ,
frequency trimmers contribute to exceptional stability and lasting accurate calibratior
Keying is clean and sharp.
Tube complement consists of a 6AU6 electron coupled oscillator and an 0A2 regulato
When used with the Viking 1, voltage requirements are supplied from VFO power socks
on transmitter. If used with other transmitter, VFO requires 250 to 300 volts DC unregi
lated at 15 ma. and 6.3 volts at . 3 amps., AC or DC.
Assembly is simple and all necessary parts are supplied.
240-122 VIKING VFO KIT, Complete, less tubes, in dark maroon finished cabinet t
match Viking 1size 7" x 67
/et" x els"•
Amateur Net
$42.7.

UNIVERSAL ROTOMATIC ANTENNA

4111111111.1111111111.

-151, - 152,
:>1
••••
-126

4.11°
-104

-32

52

- 112

000001

-107

-348
-350
-352

Universal because its construction permits use of a variety of different combinations an
types of beams. Main boom alloy steel tubing to which elements are attached with specie
clamps allowing any spacing or combination of elements.
Rotomatic—the deluxe Rotator. Simple to erect— built to last a lifetime. Heavy over
size gears, bearings, shafts. Precision throughout. Remote control box with selsyn directio
indicator. Weatherproof RF relay for switching of dual beams.
Fully adjustable aluminum alloy parasitic elements, heavier walls and larger diameter
to withstand high winds and ice loading. High gain and front to back ratio.
Many combinations of single or dual arrays are available up to 4 elements on 1
meters, 3 elements on 20 meters. Write for Catalog 704 for complete information.
138-111. Rotator complete with motor & control box.
138-108. Weatherproof antenna relay for dual beams.

ANTENNA ACCESSORIES
Antenna Insulators
Cat No.
Dia.
Break. Strng.
Lath.
Cat. No.
136-104 %" sq.
400 lbs.
4'
136-151*
136-107
800 lbs.
7"
136-152*
136-112
1"
800 lbs.
12"
136-153*
*Commercial type 11
2 " wet process porcelain, 5,000 lbs. breaking strength.
/
Enamelled Copperweld Antenna Wire
Will not stretch nor sag. Available from the factory
in any specified length.
Cat. No.
B & SGauge
144-348
10
144-350
12
144-352
14

Ft. lb.
34 1
2
/
54
85

Bkg. Str.
1130 lbs.
720 lbs,
400 lbs.

Net Lgth.
8"
12"
20"

Overa
15 /
2
1
19 /
2
1
25 /
2
1

Feeder Spreaders
Silicone Impregnated porcelain
Cat. No.
136-122
136-124
136-126
136-32

Length
6"
11
2 " porcelain strain insulatc
/

•
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VARIABLE CONDENSERS
Partial Listing
This is a partial listing of the large JOHNSON line of quality condensers. Several types
e not shown, likewise many additional sizes are available in most types. All types
iploy excellent steatite insulation. Approximate flashover voltage is 100x final numals in catalog numbers, ( except Type N). " L" dimension is overall length less shaft
.tension.
TYPES

C and

D

irdy, rigid construction at low cast! Aluminum plates . 051 thick, rounded edges. Panel space
pe C, 51
2 " wide x 51
/
4 " high, Type D, 41
/
4 " wide and 4" high.
/
TYPE C- Single Section
Max.
Cap.

et. No
SOC7 0
)0070
50C90
DC1 10
DOC1 30

252
496
337
51
102

TYPE C- Dual Section

Air
Gap

Number
Plates

. 175"
. 175"
. 250"
. 350"
500"

24
47
43
8
21

Max.
Cap.
Per Sec.

Cat. No.

61%
12%
14%
421/32
13%

300CD7 0 ... 305
1S0009 0 ... 147
SOCD1 10 ... 50
10000110. . 103
5000130.. . 51

TYPE D- Single Section
DOD3 5
50D45
01:07 0
DO 070
50D70
00090
SOD9 0

496
146
72
98
244
99
149

. 080 '
. 125"
. 175"
. 175"
. 175"
. 250"
. 250"

Air
Gap

Number
Plates

.175"
.250"
350"
.350"
.500"

29
19
8
17
10

16 1r/22
14 27/
22
10%
16%
14%

TYPE 0- Dual Section

39
17
11
15
37
19
29

621/
32
421/
22
42%
41%
10 1/e,
71%6
10%

5000035 ... 496
150 0D4 5 . .. 155
5ODD 70 ... 52
700070 ... 72
1000070 ... 97
150007 0 ... I51
SODD9 0 .... 52

TYPES

E and

. 080"
125"
. 175"
. 175"
. 175"
. 175"
. 250"

13 11/n
9%

39
18
8
11
15
23
10

751A,
91%2
13%
9%

F

Rugged compact units for low and medium power transrnitters. Aluminum plates . 032 thick, rounded
iges. Stainless steel shafts. Panel space, Type E, 21
4 " square, Type F, 21
/
/14" square.
TYPE E- Single Section
Max.
Cap.

at. No.
50E2 0
00E2 0
00E3 0
50E3 0
0E45
50E4 5

353
488
100
251
53
145

TYPE E- Dual Section

Air
Gap

Number
Plates

. 045"
. 045"
. 075"
. 075"
. 125"
125"

33
45
15
37
12
33

Max.
Cap.
Per Sec.

3I7/.»

Cat. No,

29/1s
4412
211/
3
2
6%2

300E0 20 . ..
10OED 30 ...
1 0E03 0 ...
20OED 30 . ..
SOED4 .
10OED4 . ..

21
4
/
21
/
4
31%
4r/
2
1

I00E020 .. I04
1 OFD2 0 .. 153
7OFD 30 .
66
I00FD 30 .. 99

TYPE f- Single Section
0OF2 0
CIF2 0
0OF3 0
0E3 0

106
154
99
148

. 045"
. 045"
. 075"
. 075"

17
25
25
37

TYPE M

312
99
153
196
52
100

Air
Gap
. 045"
. 075"
. 075"
.
075"
. 125"
. 125"

Number
Plates
621/,

29
15
23
29
12
23

5%
81
/
4
6%
9%2

TYPE F- Dual Section
17
.045"
.045"
25
17
.075"
.075"
25

421/
22
6
52%
7%2

MINIATURE

Smallest ever built, yet tops in accuracy. Ideal for VHF, miniature test equipment, etc. Panel space
ii" x 1
4 ". Air gap .017. Mounts in 1
/
4 " hole.
/
Single

Differential
Capacity
Max.
Min.

Cat. No.

Cat No.

Butterfly

Capacity
Max.
Min.

Capacity
Max.
Min.

Cat. No.

iM1 1

5.1

1.5

6MA 11

5.0

1.5

3MB11

3.3

1.7

1181 1

8.7

1.7

9MA 11

8.6

1.8

SMB11

5.3

2.1

1
5M11

14.6

2.1

15MA I1

14.2

2.3

9M1111

8.5

2.7

10811 1

19.7

2.6

19MA11

19.6

2.7

11MB11

11.0

3.2

TYPE

L

Ceramic soldered- no eyelets or rivets to loosen. All brass, soldered construction. " Bright alloy,
dated. Ideal for rough service. Panel space 134" square. Air gap . 030"; also furnished in .
020"
360" and . 080". In addition to those listed, also available in Differential types.
Dual Section

Single End Plate
Cat. No,
IOLIS
1511 5
1011 5
rSL1S

Cap. per Sect.
Max.
Min.
11
27
51
75

2.8
3.5
4.6
5.7

Number
Plates
3
7
13
19

Double End Plate
100115
10 011 5

99
202

6.8
11.6

25
51

Cap. per Sect.
Max.
Min.

Cat. No.
251D15
501D15
100101

27
51
99

.

7
13
25

2.8
4.3
6.5

12
23

Butterfly
101B15
251815
501815

10.5
26
51

Number
Plates

3.5
4.6
6.8

5

TYPE N

TYPE G

Small mounting space requirements, extremely
sigh voltage rating and fine adjustment make
hese neutralizing condensers ideal.

Extremely popular as neutralizing condensers
for medium and low power stages. Also widely
used for grid and plate tuning at high frequencies.

Cat. No,
1125
kl 250
r'4375

Capacity
Max.
Min.
11.0
10.6
10.7

1.1
1.4
1,7

Spacing
. 125"
. 250"
. 375"

Cat. No,
13G 45
6G7 0
12G7 0

Cap. per Sect.
Max.
Min.
13
5.7
12

Spacing

4.7 . 125"
3.5 . 225"
6
. 225"

E. F. JOHNSON
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NEW JOHNSON KNOBS & DIALS
Featuring fresh, advanced styling, these new JOHNSON models will enhance the appearance of your equipment. Molded phenolic knobs have 12 well defined flutes, large
gripping area. Knob faces slightly convex, sides slightly tapered to contribute to pleasing
appearance. Beautiful satin chrome scales that will retain their new appearance indefinitely. Each knob and dial has brass set screw insert molded in place. Special models
available on quantity orders.
Knob
Diom.
2Yre"

nii"

I %"
11
/"
4
1 %"
1
11
/"
4
1'A"

Spinner
Knob
Cat. No.

Shaft
Diorn.

Knob Only
Cat. No.

4 "
/
1

116-280
116-280-3
116-260
116-220

Ye"
4
/
1

"

Knob with
Phenolic Skirt
Cat. No.
Dia

116-286

116-281

116-266
116-226

116-261
116-221

Cot. No.

Knob with
Chrome Dial
Dion,

116-282
21
2 s"
/
1%"

4"

116-262
116-222-1
116-222-2
116-222-3
116-222-4
I16-222-5

4 "
/
1
4 "
/
1

Scale

0-100

23
4 "
/
11
/"
2
11
/"
2
11
/"
2
11
/"
2
11
/"
2

180 °

0-100 180 °
100-0 180 °
0-10
270 °
1-7
180 °
On- off
60 °
Indicator

JOHNSON Counter- Dial
A positively calibrated drive for rotary variable inductors and other multi- turn devices.
Records up to 99 turns. Vernier dial calibrated 0-100 over 360, making possible an accurate return to any pre- determined setting. Complete with JOHNSON 116-286 " spinner" knob and attractive black phenolic escutcheon.
116-208-1 Counter- dial with built-in dial lock. List Price $17.00
116-208-4 Same as above without dial lock. List Price $15.00

COUNTER
DIAL

ESCUTCHEON
PLATE

'iooet,MI"Mtuiditil!
;4f44o44%4.-

ESCUTCHEON of black phenolic. For back-of- panel dial plate mounting. Opening 11
4 "
/
w. a Yt " h. Overall size 21
4 "x1
/
11/6".
Cat. No. 116-201, List Price $ 1.00

AIR WOUND HAM INDUCTORS
JOHNSON Air Wound Ham Inductors provide a degree of efficiency never before
available in commercially produced coils for the amateur. This " broadcast" efficiency is
possible because there is a model designed to match the impedance of each tank circuit—
either high voltage low current or low voltage high current tubes.
Efficiency is further increased because coil windings are a wire- size larger than on most
available inductors— resulting in less heating, lower loss with consequent higher efficiency.
JOHNSON Ham Inductors are built to give many years of efficient service. Coil windings
are Formex-coated for better insulation and color preservation and JOHNSON quality is
apparent in the Steatite jack and plug bars and the crystal clear polystyrene coil supports
and spacers. All JOHNSON inductors are conservatively rated.
The Swinging Link type inductors permit
instant and perfect matching of inductor to
HCS—Inductors match high voltage, low curtransmission line thus preventing wasteful
rent tubes— swinging link type.
dissipation of power.
LCS—Inductors match low voltage, high curWith these fine JOHNSON Harr Inducrent tubes— swinging link type.
tors and " plug-in" Swinging Link AssemHCF—Inductors match high voltage, low current tubes— semi- fixed link.
blies, the amateur can instantly match coil
LCF—Inductors match low voltage, high curto tube and link to line.
rent tubes— semi- fixed link.

Ss. lining Link Coils
Cal. No.
1000HCSI60
I000LCSI60
1000HCS80
1000LCS80
1000HCS40
1000LCS40
1000HCS20
1000LCS20
1000H/LCSI4
1000H/LCSIO
500HCSI60

Cat. No.

Cat. No.

500LCS160
500HCS80
500LCS80
500HCS40
500LCS40
500HCS20
500LCS20
5001-1/LCS11
500H/LCSIO
500H/LCS6
150HCS160

ISOLCS160
I50HCS80
150LCS80
150HCS40
150LCS40
150HCS20
150LCS20
150H/LCSII
150H/LCSIO
150H/LCS6

Also available as semi- fixed link coils in power
ratings of 150, 500 and 1000 watts.

Cat. No.
I50/500FL 12
150/ 500FL5
I50/500FL2

12
5
2

Cat. No,
1000FL I0
1000FL5
1000FL2

Cat. No.

150
150JBS

500
500.185

1000
1000.1115

Swinging Link Arm Assemblies
150/ 500SLA. For 150 500 Watt Inductors.
1000SLA. For 1000 Watt Inductors.

Brackets
For Semi- Fixed Link Inductors.
150/ 500FLB. 150/500 Watt
1000FLB. 1000 Watt Bracket.

Bracket.

"Plug -In" Swinging Links

Fixed Swinging Links
No.
Turns

Jack Bar Assemblies
Watts:

No.
Turns
10

5
2

Cat. No.
150/ 5005L12
150/ 5005L5
150/ 500SL2

No.
Turns

Cat No.

No.
Turns

12
5
2

1000SL I0
1000SL 5
1000SL2

10
$
2

FARADAY SHIELD
Designed for JOHNSON Plug-in links,
easily installed on others including nonplug- in types. Screen is metallic plating on
polystyrene.

Cat. No.
238-303.
238-304.
238-301.
238-302.

Description
150'500 watt swinging link shield,
hood and lead assembly.
Same as above for 1000 watts.
150. 500 watt link shield only,
1000 watt link shield only.

e,
-206

TUBE SOCKETS

-209, - 210
-211, - 216

Highest Quality Sockets for Every Application
123-206. Industrial Bayonet, Steatite, Silver plated beryllium copper contacts. Base
is 4 pin super jumbo. Tension springs in shell.
123-209. Medium 4 pin bayonet, white glazed porcelain base, metal shell, heavy
phosphor bronze side wiping contacts. 211
4 6" Dia.
/
123-2095B. Same as - 209 but with Steatite base and beryllium copper contacts.
123-210. Same as - 209 except contact to shell spacing not as great. 21
2 " Dia.
/
123-211. Standard 50 watt type. Similar to - 209 but with double filament contacts.
33/13" Dia.
123-21158. Same as - 211 but with Steatite base and beryllium copper contacts.
124-212. Steatite socket for RCA833 or 833A. 51
4 " plate leads.
/
123-216. Giant 5 pin Bayonet. For tubes such as 803, RK28.3 1
4 " Dia.
/
123-216SB. Same as - 216 but with Steatite base and beryllium copper contacts.
124-213. For Eimac 15211 and 304TL. Contacts arranged for either series or parallel
filaments.
124-214. For Eimac 1500TH, with air cooling jet.
124-215. For 250 watt tubes such as 204A, 849, etc. The plate terminal has a " safety
cup" which prevents accidental dislodgement.

-214
-213

siewo.

-212

4i71

1111
-

Wafer Types

e

Steatite, top and sides glazed. Brass contacts with steel springs cadmium plated.

-247

-101

122-217. 7 pin small.
122-225. 5 pin.
122-227. 7 pin medium.
122-224. 4 pin.
122-226. 6 pin.
122-228. Octal socket.
122-237. Giant 7 pin Steatite wafer. For Xmitting tubes such as HK257 and RCA813.
With 1
/ '' diam. ventilating hole ( not illustrated) in base.
4
122-247. 7 pin Steatite for tubes such as 826. Etched aluminum shield.
122-244. 4 pin Steatite. Super jumbo base tubes such as 8008.
122-101. 7 pin Steatite wafer with shield, retainer springs and provision for mounting
button mica by-pass capacitors. Designed for VHF use with tubes such as 832.
122-275. Giant 5 pin Steatite wafer socket for 4-125A, RK48 tubes. Ventilation holes

-244

-275

in base.
Shields

Miniature Sockets

-237

133-278A. 11
4 " High, N.P. Brass
/
133-278B. 1 % " High,
133-278C. 21
4 " High,
/

120-267.
all ceramic, 7 pin,
120-277B. with shield base, 7 pin.
133-277S. shield base only.

-228

-277B

Acorn Type

11 -278B

121-265. Steatite acorn socket. Silver plated beryllium copper contacts.

CRYSTAL SOCKET

-265

1p

- 267

Steatite, DC- 200 treated, for . 050" pins spaced . 486", single /
4 " mounting hole
1
phosphor bronze contacts.
126-105. Crystal Socket.

CRYSTAL SELECTOR
Ten frequencies with a twist of the knob with extra position for ECO. Accommodates
crystals with 1
2 " spacing. With adaptors also takes 3
/
/
4" spaced holders. Bracket permits
vertical or horizontal mounting.

-105

126-220-1. Instant Crystal Selector.
126-120-1. Crystal Mounting Board only.
COUPLINGS AND SHAFTS
JOHNSON insulated shaft couplings provide maximum voltage breakdown and superior strength. Glazed Steatite insulation except - 264 which is phenolic.
Cat. No.
104-250
104-2503
104-251
104-2514
104-2518
104-252

Mod.
Peak Volt.
4000
4000
5000
5000
5000
1000

Diu.
15/
16 "
13/S,"
21
/"
4
21
/"
4
21
/"
4
"/i"

Cat. No.
104-258
104-259
104-2593
104-261
104-262
104-264

Mod.
Peak Volt.
8000
5000
7500
5000
400

Panel Bearings. For /
4 " shaft. Up to 3
1
/8" panels.
115-255. Panel bearing only.
115-256. Bearing and 3" shaft.
115-2562. Bearing and 6" shaft.

Dia.

*

Y1 "

--21
/"
4
2"
11
/
22 "

250
251

-261

_AM
44.14.'

-259, de
-2593 'el'
kfle -252

115-253. 3" long.

115-254. 6" long.

œ

262
_
258

-264

Flexible Shafts
Non- rusting phosphor bronze, with /
4 " hubs, for connecting out of line control shafts.
1

-

-2562

-253
- 254
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INSULATORS AND BUSHINGS
of

JOHNSON insulators are especially designed for high frequency use. They are made
superior grade low absorption, well glazed electrical porcelain or Steatite. They are

accurately molded and furnished with hardware of high grade nickel- plated brass. Use
JOHNSON insulators with confidence. "H" dimension is height of ceramic above panel.
Stand- Off Insulators
STEATITE
Cat. No.

H

135-20
135-20J
135-22

1946"
I 6"
1i,

135-60

41
2 "
/

135-65
I35-65J
135-66
135-66J

1W'
1%"
PA"
23
/"
4

135-500
135-501
135-502

Vii'

Hardware

Cat, No.

10-32
74-Jack
8-32

135-221
135-24

H

Hardware

1"
w,

74-Jack
6-32

23
4 "
/

4 -20
/
1

41
/2"
41
/"
2

1
4-20
76-Jack
10-32
74-Jock

2"
3"

10-32
10-32

W'
W
.

74-Jack
6-32

41
2 "
/
41
/"
2
2"
2"

/ -20
2
1
76-Jock
10-32
74-Jack

PORCELAIN
4 -20
/
1

135-62

Metal Base Types
10-32
74- Jack
'A-20
76- Jack

135-67
135-671
135-68
135-68J

Steatite Cone Insulators
6-32
8-32
8-32

11
2 "
/

135-503
135-504

Thru-Panel Insulators
STEATITE
135-40
135-40J
135-42

11
2 "
/
11
/"
2
Vs"

135-45
135-451
135-46
135-46J

1W'
11
/"
2
23
/"
4
234"

10-32
74-Jack
10-32

135-42J
135-44

PORCELAIN
10-32
74-Jack
'4-20
76- Jack

135-47
135-47J
135-48
135-48J

Lead- In Bushings
STEATITE
135-5 0
135-5 1

6-32
10-32

135-52
135-55

11
2 "
/

'4-20
6-32

PORCELAIN
135-53

13
4 "
/

135-54

Mounting flanges not included. See 135-90 and 135-91
BOWL

below.

INSULATORS

Electrical glass, 6' ,/u" OD, 4W high. Fittings include /
2 '' stud. nuts and washers, corona shields,
1
mounting flanges and gaskets.
Single Bowl

Two Bowls

135-15-0. Bowl only
I35-15-1. 10 1
2 " stud
/

135-15-3. 16" stud
I35-15-7. 24" stud

MOUNTING

FLANGES

Cat. No.

Cat. No.

135-90 for bushing No. 135-53.

135-91 for bushing No. 135-54.

PILOT LIGHTS
A partial listing of the basic JOHNSON pilot light types in greatest demand. Jewel
colors available are red, green, blue, amber, opal and clear.
Cat. No.

Jewel

147-100
147-101
147-103
147-104
147-106
147-107

1"
1"
1"
1"
1"
1"

147-300
147-301
147-303
147-304
147-306
147-307

2 "
/
1

147-400
147-401
147-403
147-404

Faceted
Smooth
Faceted
Smooth
Faceted
Smooth

Socket

Cat. No.

Jewel

Socket

Min. Scr.
Min. Scr.
Cond. Scr.
Cand. Scr
Min. Bay.
Min. Bay.

147-800
147-801
147-802
147-803
147-804
147-805

1"
1"
1"
1"
1"
1"

Faceted
Smooth
Faceted
Smooth
Faceted
Smooth

Min. Sc,.
Min. Scr.
Cond. Scr.
Cond. Scr.
Min. Bay.
Min. Boy.

Faceted
'/2" Smooth
/ " Faceted
2
1
V2" Smooth
/ " Faceted
2
1
/ " Smooth
2
1

Min. Scr.
Min. Scr.
Cond. Sc,.
Cond. Scr.
Min. Bay.
Min. Boy.

147-1000
147-1001
147-1002

1" Faceted
1" Smooth
1" Color Disc

Cond. Scr.
Cond. Scr.
Cond. Scr.

147-1217
147-1218
147-1219

1" Lucite
1" Lucite
1" Lucite

Cond. Scr.
Min. Bay.
D.C. Boy.

2 "
/
1

Min.
Min.
Min.
Min.

147-1600
147-1604
147-1605

1" Bullseye
1" Bullseye
1" Bullseye

Cond. Scr.
S.C. Bo y.
D.C.Bay.

Faceted
Smooth
Faceted
1 " Smooth
2
/
2 "
/
1

Sur.
Scr.
Boy.
Bay

SPEED- X KEYS, PRACTICE SETS, BUZZERS
Standard Semi- Automatic Keys

Standard Keys

Improved model, heavy steel base,
rubber feet. Chrome plated vibrator and
hardware. Five adjustments, lowest and
highest speeds. Circuit closing switch. Adjustable paddles.

High quality, low cost. Provision for
plugging in semi- automatic key. 1
4 " coin
/
silver contacts.

114-500. Vs" contacts, block wrinkle base.
114-501. 1
4 " contacts, polished chrome base.
/
114-501L. Same as 114 -501 except lefthanded.

-310
-311
-312
-316
-320
-321

Molded Base Keys
Black phenolic base. IA" coin silver contacts. Metal parts nickel plated.

Amateur Special Model
Semi- Automatic Key
Ham favorite, rubber feet, 1
4 " coin
/
silver contacts, chrome plated hardware
and vibrator, black wrinkle base.
114-515. Amateur

114-310. Black wrinkle, less switch.
114-3105. Black wrinkle, with switch.
114-311. Chrome plated, less switch.
114-3115. Chrome plated, with switch.

-515

model, semi.outomatic.

Amateur Semi- Automatic Key
With Switch
Similar to Amateur Special but has
circuit closing switch. Smaller, less weight.
114-510. Semi- Automatic with switch.

Heavy Duty Keys
Chrome plated key arm. /
4 " coin silver
1
contacts. Navy knob.
114-320. Black wrinkle enamel base.
114-321. Polished chrome plated base.

114-301. less switch.

Practice Keys
For beginners. /
4 " coin silver contacts.
1
114-300. Molded brown phenolic base.

Practice Set
Constant frequency buzzer &
mounted on 4" x6" phenolic base.

-400

key

114-450. Code practice set.

Constant Frequency Buzzer
Fully adjustable, holds frequency. Uses
2 dry cells or " C'' battery.
114-400. Constant frequency buzzer.

PLUGS AND JACKS

-77• - 77A

Banana Spring Type

Tip Jacks and Plugs

Accurately turned from brass, with milled
nuts and tinned terminals. Nickel plated.
Nickel- silver springs ( other metals optional).
Low contact resistance, high current capacity.

Attractively
colored
strong
Plaskon
heads, accurately threaded 1
4 -32
/
with
milled hex nut and insulating washers for
% hole.

-75 series plugs fit -74 series jacks,
-77 series plugs fit - 76 jack. - 7451 and
-7452 have molded phenolic heads.
JACKS
108-74.

1
/
4

PLASTIC HEAD TIP JACKS

Cat. No.

Color

Cot. No.

Color

105-520
105-521
105-522
105-524
105-525

Red
Black
Dl,. Green
Brown
It. Blue

105-526..
105-527..
105-528..
105-529..
105-530.

Orange
Yellow
U. Green
Dk. Blue
Ivory

Molded Tip Jocks

- 28 a 1
,32 thread.

108-7451. /
4 - 28 a 1
1
2
/
thread, red.
108-7452. V4- 28 a 1
2 thread, black.
/
108-76. Ya- 24 a Wm thread.

Heavy duty type. Nickel plated brass
body molded into phenolic head. Y16-40
thread, and insulating washers for % hole.
No. 105-418. Red

108-758B. Va a 1% handle, black.
108-75BR. Vi a 1% handle, red.
108-75C. 6- 32 a 3.i.s screw.

No. 105-417

108-77. 10 - 32 a % thread.

- 75C - 75
-75A

,
60'
-7451
-7452

- 74

el%

t.

7.

-418

- 520
(bru

-419

-530

•k‘-

-1

-417

No. 105-1

Solderless Tip Plugs
No. 105-15. 13,
1
aprong

108-77A. 10- 32 a 1
4
/
screw.
x 11
4
/
handle, black.

No. 105-415. Vhs prong
No. 105-14. Long, sharpened point

108-77BR. /
4
3
x I% handle, red.

RF CHOKES

t.

JOHNSON RF chokes have high reactance over the range for which they are designed.
Coils are of enamelled silk covered wire impregnated with high grade RF lacquer and are
wound on Steatite cores. Current ratings may be increased for intermittent use.
Frequency

-75BR

No. 105-419. Black

Nickel plated brass, 5
A6 hex head,
4 -32 thread, with insulating washers for
/
1
Ye hole. 105-1 similar but headless, no
nut nor washers, for mounting in 1
/ -32
4
tapped panel hole.

108-75A. 6- 32 a 1
4 thread.
/

Cat. No.

>
Ci
e

-75BB

All Metal Tip Jock

PLUGS
108-75. 6- 32 a % thread.

108-7788.

- 76

Current

102-750

1.7-30 toc.

150 ma.

102-752

1.7-30 mc.

500 ma.

Inductance
.83 rnh

1.0

ash

DC res.

Length

15
5.2

11
/"
2
2Vs"

102-754

1.7-30 mt.

750 rna.

1.9

eh

4

102-760

Ultra- high

250 ma.

6.8

microhy

. 33

11
2 "
/

102-762

Ultra- high

1.5 a.

.
30

27
/
a"

19.0

microhy

fu t
te

-754 - 752

-750

-762

r

e

- 760

7

For almost two decades Eimac transmitting tubes have been the
undeniable choice of performance- conscious amateurs as well as of commercial electronic engineering groups. These two decades are important
because during this time the electron art has undergone great changes
and advancement. Throughout this period Eimac tubes have proved themselves — proved themselves not only under normal but also under adverse
conditions where other tubes failed.
Eimac tubes are available for all amateur power categories. Invariably their use allows considerable economies in associated circuit and
driver stages — this is especially true in the case of Eimac tetrodes.
Complete technical data, prices, and other valuable application
information is available without cost or obligation. Write Amateur Service
Department, Eimac, San Bruno, California.
JUST OFF THE PRESS. A handy book to
have around the shack, "The Care and Feeding of Power Tetrodes", price 25 cents. It's all
the name implies. Twenty-eight pages jampacked with helpful information.

EITEL-McCULLOUGH,
San

Bruno,

INC.

California

Export Agents: Frazar & Hansen. 301 Clay St., San Francisco, Caldornia
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4499eBUD means Beauty— Utility— Dependability
ADD- A- RACK
SERIES

DE LUXE
RELAY RACKS
These relay racks are

made

of 16 gauge steel with
panel

supports.

mounting

The

supports

4
/
3

"

panel

are

re-

cessed so that no edges of the
panel will be exposed.
plied in 4 sizes.

Sup-

The overall

width is 22" and the depth is
17 !.‘" on all sizes. Panel spaces
range from 36 3
/t" x 19" to 77"
x 19". A special feature is the
use of four sturdy supports on
the bottom so that casters can
be fastened
base,

directly to the

thereby

achieving

ready mobility.

DE LUXE CABINET RACKS
Furnished in 9 sizes. Width
is 22" and depth is 14 3/
4 ".
Will accommodate 19"
panels. "No-scratch" extended metal feet are embossed on the bottom to
minimize marring of a table top.

TELEPHONE TYPE
RELAY RACKS
Made

in

3 sizes. ( 1)

height x 22" depth x 31

354"

q"

panel

space: ( 2) 70 3
4 " height
/
x 22"
depth x 664" panel space; (3)
723¡" height x 15" depth x 66 3
4 "
/
panel space.

The first two sizes

are made of I/8 " steel and the third
aim of heavy duty channel and

Made to fit any of
the four sizes of our
De Luxe Relay
Racks.
It
has always
been necessary to
buy special racks
without louvers on
one side to obtain
a maximum of
panel space with a
minimum of floor
space. Now, you no
longer need to buy
a whole new cabinet when you want additiona panel space. Through our new and
exclusive Add-a-Rack series, BUD not only offers additional racks at a lower cost, but
provides you with a sturdier, better looking assembly.
The illustration at top shows two Add- a- Rack cabinets assembled together. The
illustration below shows the unique and ingenious method of adding a unit to your
present equipment. Instead of buying an entire new outfit, you purchase only four
parts: ( 1) a door ( 2) a top (3) a bottom and (4) an Add-a- Rack coupling- unit. The
right (or left) hand side of your present relay rack is removed and replaced by the
Add-a- Rack coupling-unit: next, a top and bottom is fastened into place, and the side
taken from the first rack is fastened onto the second rack which has been added. Place
the additional door into position and you have two racks properly and efficiently
coupled together. In the same simple way, more racks can be added at any time and
every one will be in a CONTINOUS ONE-PIECE assembly.
This series is available in two ways. ( 1) a double unit consisting of two racks and the
Add- a- Rack coupling unit, ( 2) Add-a- Rack unit, consisting of a door, a top, a bottom
and an Add- a- Rack coupling-unit. These units are furnished with all necessary assembling and panel mounting hardware.

%OP
Black
Wrinkle
Cat. No.
CB- 1757
CB- 1758
CB- 1759
CB- 1760
CB- 1761
CB- 1762
CB- 1763

Zinc
Plated
Cat. No.
CB- 1764
CB- 1765
CB- 1766
CB- 1767
CB- 1768
CB- 1769
CB- 1770

HEAVY

DUTY CHASSIS

(Furnished with Bottom Plates)
These chassis, made of heavy gauge steel, are intended for applications requiring unusual sturdiness and where large weights are involved. Available in either Black Wrinkle finish or ElectroZinc
Plate.

Depth
8"
8"
11"
11"
13"
13"

Width
17"
17"
17"
17"
17"
17"
17"

Height
2"
3"
2"
3"
2"
3"
4"

angle iron.
CHASSIS MOUNTING
STANDARD RELAY RACK

PANELS

Steel panels available 3
4 " thick. 19"
/
wide in heights
from 13/
4 " to
21'.
Aluminum panels
available in same
sizes but made in
,
/
8 " and
i,;" thickness.

BRACKETS

Mounting brackets
Height
Catalog No.
Depth
are essential to inMB-458
64"
8"
sure proper supMB-448
614"
10"
port of the chassis.
MB-459
64"
11"
Formed of heavy
MB-449
64"
12"
gauge
steel,
cut
MB- 460
614"
13"
away at the botMB-450
10"
814"
tom
to
provide
MB- 451
83
4 "
/
13"
chassis clearance so
that chassis can be mounted flush against panel. Finished in Black. Numbers MB-450
and MB- 451 designed for chassis height of 4". Sold in pairs only.

STEEL CHASSIS BASES
These chassis are made from one
piece of steel, all corners are reinforced and spot welded. The four
sides are folded on bottom for additional strength — this also permits a bottom plate to be attached
if desired. Furnished in either Black Wrinkle or ElectroZinc plated.
Black Wiinkle Zinc Plated
Cat. No.
Cat. No.
Depth
Width
Height
Gauge
CB- 628
CB- 629
5"
7"
2"
22
CB- 790
CB- 1192
7"
9"
2"
22
CB- 636 4
CB- 637
10"
17"
3"
20
CB- 660 5
CB-773
13"
17"
3"
18
CB- 642*
CB-643
13"
17"
4"
18
* Indicates chassis which are punched to accommodate Chassis
Mounting Brackets.
For additional sifes consult Bud Catalog

ALUMINUM CHASSIS
The construction and design of
these chassis is exactly the same as
our steel chassis. The aluminum
chassis are welded on government
approved spot welders that are the
same as used in the welding of
aluminum airplane parts. As a
result, you can depend on BUD
Aluminum Chassis to do a perfect job. Etched Aluminum finish.
The gauges in table below are aluminum gauges.
Catalog
Number
AC- 430
AC- 402
AC-423
AC-420
AC-416

Depth
Width
Height
4"
6"
3"
5"
7"
2"
17"
3"
7"
13"
17"
3"
10"
17"
3"
For additional sizes consult Bud Catalog

Gauge
18
18
16
14
16

Illustrated are only a few of the many types and sizes of Bud Products. For complete catalog write Dept. H.
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The BUD line is diversified . . . Meets all your need
STURDI-TOWER

INSTRUMENT
AND RECEIVER

CABINETS

Each cabinet has an evenly recessed
hinged cover with convenient finger
lift. The panel on front of cabinet is
readily attached with self- tapping
screws. Louvers provide ample ventilation. These Cabinets are finished
in Black Wrinkle only.
Height
7"
7"
7"
7"
8"
9 ,,

Cat. No.
C-973
C-993
C-994
C-995
C-1190
C-975

Width
8"
10"
12"
14"
16"
15"

Depth
8"
8"
8"
8"
8"
11"

This is a well designed, sturdily made tower. All parts are made
the best grade tempered aluminum. Here are some of the importa
features:
Standard 8 foot sections available knocked down.
Unassembled unit can be easily assembled with no special tools.
When properly installed, will easily support ham beams.

Top of one section telescopes into the bottom of another section a
they are bolted together thereby assuring absolute rigidity.
Airplane-type aluminum bolts and self-locking
an exceptionally rugged tower installation.

nuts

guarani

Six strand No. 20 galvanized guy wire is recommended
to be used for guys.
Triangular construction affords strongest possible structure.
Weight only one ( 1) pound per foot when assembled.
Will support rotator with large, stacked TV array.

STREAMLINED CABINETS
Distinctive features of these cabinets
are the rounded front corners and recessed hinged top. All parts built into
this

cabinet

are

easily

accessible.

Overall height, 8". Depth, 8'".
Finished in Black Wrinkle only.
Catalog
Number
C- 1789
C-1746
C-1747
C-1748
C-1790

Panel
Size
8" x 8"
8" x 10"
8" x 12"
8" x 14"
x 16"

Cabinet
Width
10W'
12
14 le
161A"
18 1,6"

MINIATURE AMPLIFIER

Cabinet
Height
8"
8"
8"
8"
8"

Height
6"

Width
ris"

No maintenance problems. All screws and nuts are made
of aluminum.
Additional height in multiples of 8 feet can be added at
any time.
Mast supports are adjustable to fit masts from 1inch to
3 inches in diameter.
Base is made from Vis inch aluminum and is hinged to
permit use as a foundation on either side, flat or angle
installations.

Depth
Wu"

Chassis
Height
2"

F mt
Section
No. TA- 914
(Knocla.,1

line useful for all sorts of electronic equipment,
monitors, frequency meters, etc. These cabinets have two removable sides for easy accessibility and are finished in Black Wrinkle.
Width
4
5"
5"
6"
6"
8"
7"
10"
11"

Height
4"
4"
6"
6"
9//

10"
12"
10"
I2"
15"

Catalog No.
CU- 1990
CU- 1984
CU- 1985
CU- 1986
CU- 1987
CU- I988
CU- 1989
CU- 1991
CU- 1992

MINIBOXES

Height
13
/ "
4
3"
3"
4"
2/
4 "
3

Depth
8 ».¡"
8' 41"
8'.¡"
8'.¡"
8 ».¡"
8,4
."
8,¡"
13"
19"

Width
5%"
7W'
9W'
11 ¡¡"
13 Si"
15 3
/ "
4
17 3
/ "
4
7W'
9W'

STREAMLINED AMPLIFIER

There are thousands of uses in the fields of
radio and electronics for these new boxes. They
are made from heavy gauge aluminum. The
design of the box permits installation of more
components than would be possible in the conventionally designed box of the same size. It is
of two piece construction, each half forming
three sides. The flange type construction assures adequate shielding.
Available in etched aluminum finish and gray hammerloid finish.
Catalog Numbers
Grey
Etched
Length
Width
CU- 2100
CU- 3000
23
4 "
/
2"
CU- 2105
CU- 3005
5"
4"
CU- 2108
CU-3008
7"
6 ,,
CU- 2111
CU-3011
12"
7"
CU- 21I5
CU-3015
4"
2"
For additional sizes consult Bud Catalog

Hinged
Base
No. TB- 915

These are attractive cabinets that ;
adaptable to a variety of uses. All cabin
are supplied with chassis. Prices lock
chassis. The chassis height on all rime
CU- 1991 and CU- 1992 is 1q". CU- 1991
designed for 3" cathode ray tube and 1
a hinged cover to provide easy access
tube or other components. Chassis hei¡
is 2". CU- 1992 is designed for a 5" cathc
ray tube and also has a hinged cove
Chassis height, 3".

METAL UTILITY CABINETS

Depth
2'
3"
4"
6"
5"
7"
6"
8"
8"
7"

Goy Tie
Ncl
917

MastHoldee
and Top
Trim
No. TI - Ob

STREAMLINED SCOPE AND UTILITY CABINETS

The large number of sizes available makes this

Catalog No.
CU- 883
CU- 728
CU- 729
CU- 1098
CU- 1099
CU-879
CU- 1124
CU- 880
CU- 881
CU- 882

Ií

FOUNDATION

With the increased use of miniature tubes,
smaller cabinets can be used when designing
a compact amplifier. This amplifier foundation was designed expressly for this purpose.
The chassis is a 5" x 7" x 2". The cover is
made of perforated metal. A streamlined
handle makes this cabinet portable. Finished
in Black Wrinkle.
Cat.
No.
CA- 1754

40 foot tower can be easily installed by one man.

FOUNDATIONS

Use this unit to obtain beauty in
amplifier and similar apparat
Each foundation consists of a stai
ard chassis on which is mountet
removable top cover.
Chromi
trim is used to add additional
tractiveness to the equipment.
chassis are 3" high and compl
units are 9" high. Sturdy Easy G
handles are attached to chassis. F
shed in either Black or Grey Wrinl
Cat. No.
CA- 1750
CA- 1751
CA- 1752
CA- 1753

Width
10¼e"
12 1
/ s"
2
17' "is"
17'

De
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BUD Products ... Superior in design and workmanship
3P
WAVE TRAP

The new BUD Wave Traps are designed to
eliminate interference caused by amateur
radio transmission received through the A.C.
line. Bud Wave Traps can be used in connection with any TELEVISION, AM or FM
receiver. The three point installation method
is simplicity in itself.
I. Plug the cord from the receiver into the
receptacle in the wave- trap.
2. Plug the cord from the wave- trap into
the A.C. receptacle.
3. Adjust the condensers, by means of
hand tuning extensions, until the interference has disappeared.
NOTE that it is not necessary to tamper with the receiver
n any way.
The entire unit is small, compact and completely encased.
Model WT- 500 to be used to eliminate interference caused by a
ransmitter operating on the 10, 15 or 20 meter bands. Model
VT- 501 will eliminate interference caused by atransmitter operating
el the 40 or 8J meter bands. Size of case 4 1e" x 2is" x 13/
4 ".
CODE

PRACTICE

OSCILLATOR AND MONITOR
CPO- 128

The BUD Codemaster is a real money.
saver. No longer do you have to consider
your code practice oscillator useless .4ter
you have learned the code. A flip of the
switch and you have a good CW monitor. This is a really versatile instrument.
It has a 4" built-in permanent magnetic dynamic speaker and will operate
up to twenty earphones.
A volume control and pitch control
permit adjustments to suit individual
requirements. Any number of keys can
be connected in parallel to the oscillator
for group practice.
This unit will operate on 110 volts
A.C. or D.C. An external speaker may
be plugged in without the use of an outnit transformer. All controls are placed on the front of the unit and
ill jacks are in the rear. The unit is 61,e high, 5h" wide and 3!,(
2"
jeep. It is finished in Grey Hammertone enamel with red lettering.
CODE PRACTICE

OSCILLATOR

AND

HEAT

RADIATING

k- 624 -11

GX-79

FREQUENCY CALIBRATOR FCC- 90
To comply with federal regulations,
some means of accurately checking
transmitter frequency must be available at every " ham" station. The
BUD FCC 90 consists of a 100 kc.
crystal oscillator that is Completely
Self- Powered. It will give 100 kc.
check points on all bands up to 30
megacycles. This enables the operator to determine exact band edges.
No extra wiring is required to install this unit. Plug the FCC-90
into a 110 volt receptacle, connect the pick-up lead to the antenna
binding post of the receiver and the unit is ready for operation An
ON- OFF switch and a STANDBY switch are provided.

41e.

TUBE

CONNECTORS
i. 12 5

a?

TC 488
TC 1925
IC 1926
TC 482
TC 1921
TC 489
BUD heat radiating connectors fit all sizes of industrial and transmitting vacuum tubes. These connectors serve a dual purpose, not
only are they useful to make connections to plate or grid terminals,
but they provide a large heat radiating surface that will dissipate
heat from the glass seal and tube element.
Eight sizes fit all grid and plate leads and also provide sufficient
heat radiation for any tube operating in the range of 50 to 2000
watts. All radiators are machined from special aluminum rod.
Edges are rounded to minimize corona loss.
MIDGET
/Le

JACK

The construction of this jack allows its use in applications having limited space behind the panel.
The spring brass contact assures a good connection. These jacks come with insulating washers and
accommodate standard phone plugs.

Catalog No.
J-232 A
J-233 A

Type
Open Circuit
Closed Circuit

Distance Behind Panel

SMALL JACKS
111) These panel mounting jacks are desirable for control
panels and similar applications where space is at a
premium. Parts are accurately machined, with nickel plated finish
and contacts are formed from spring brass. Each jack comes complete with insulated washers and will accommodate standard plugs.
Overall length 1.
3
,
s
i".

e==e

Catalog No.
J-1038
J-1058

Distance Behind Panel

Contacts
2
3

I5/i6 "
6"

ALL PURPOSE

JACKS

Although small in size, this is one of the finest lines of
jacks available. The careful design and high quality
materials used in these components assure long, dependable service. Circuit opening contacts are made
of pure silver and the laminated bakelite insulation
prevents breakdown between springs at all ordinary
voltages. Supplied with panel insulating washers.
Height VA", distance behind panel 78".
Catalog
Number

Contact
Arrangement

Circuit
Design

J-1324

Open Circuit

J- I325

Closed circuit
3- Contact open circuit

J-1326
GIMIX

GRID

_I

EARPHONE MODEL CPO- 130

The BUD Gimix is a multipurpose unit requiring no
batteries or power supply. It is calibrated for use on
the 10, 15, 20, 40 and 80 meter amateur bands. No
additional coils are needed as the one coil does the
work on all bands. It can be used as a Wave- Meter,
a Monitor, a Field Strength Indicator, a Carrier
Shift Indicator and a sensitive Neutralizing Instrument. Operating instructions supplied with each
unit.

AND

o

MONITOR

This unit is similar to the CPO- 128. The
difference is that the 4" speaker is not included. The monitor feature, however, is
included. A phone jack is provided for the
output and as many as 20 pairs of phones
and keys can be operated at one time for
class- room operation. This model will also
operate a permanent magnetic dynamic
speaker.
Plug the voice coil leads into the phone jack — no output transbrmer is needed. Size of case is 5q" wide, 4,1
4g" high and 31
/ " deep.
2

PLATE

X-360 --e !(--. 937

J-1327
J-1328
J-1329
J-1330

•••._s=

Break contact on tip and
ring spring
Separate make-contact springs
Break contact on tip spring—
separate make-contact spring
Break- make contact on tip spring

PANEL BEARING ASSEMBLIES
Nos. PB-530 and PB-531 consist of a
regular
s" shaft bearing with 6" and
3" length of 1.¡" brass rod inserted and
held in place by washers to prevent
shaft from shifting. These two assemblies will facilitate the panel control of
condensers, potentiometers, etc., which
must be mounted a distance from the
panel. Bearing fits in 13/
32 " hole
and
on panels up to 3/16" thick. No. PB-532
is bearing only without shaft.
Catalog
Number
PB-530
PB-531
PB-532

Overall
Length

Distance in
front of panels
4%"
1%"

Bearing Only

Illustrated are only a few of the many types and sizes of Bud Products. For complete catalog write Dept. H
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BUD Products for high quality and best results
50 WATT BAND
SWITCH ASSEMBLY

75- WATT TRANSMITTER COILS
These coils are distinguished by their rigid construction, attractive appearance and conservative power rating. The ceramic mounting base
keeps the coil a safe distance from the chassis —
it also permits easy coil removal without disturbing the winding. All coils are air-wound and
mount in 5 prong tube sockets.
OEP and OC? Coils are designed for use in
circuits using Pentode tubes with high output
capacity such as 6L6, 807, etc.
OEL
OCL
OLS
oEs
OEP
OCP

coils have fixed end link and are not tapped.
have fixed center link with main winding center tapped.
have adjustable center link, main winding center tapped.
have adjustable end link and are not tapped.
have adjustable end link and are not tapped.
have adjustable center link main winding center tapped.
Cat. No.
Adjustable
Center
Link

Cat. No.
Adjustable
End
Link

Catalog
No.
Fixed
End
Link

Catalog
No.
Fixed
Center
Link

OEL-80
OEL-40
OEL-20
OEL-15
-10

OCL-80
OCL-40
OCL-20
OCL-15
OCL-10

OLS-80
OLS-40
OLS-20
OLS-15
OLS-10

OES-80
OES-40
OES-20
OES-15
OES-10

80
40
20
15
10

OEL

OC L- 6

OCP-10

OEP-10

OCP-20

OEP-20

6 Meter
10
Meter
20 Meter

OEL-6

OLS-160

OES-160

Band
160 Meter
160 Meter
Meter
Meter
Meter
Meter
Meter

ONS-1 — 50
watt,
10-15-20-40-80
meter band switch assembly, ideal for
all low-power oscillators, buffer or amplifier stages where the input power
does not exceed 50 watts and where
capacity coupling is used. A 5-position
dial plate with suitable marking is furnished.
Catalog
Number
ONS-1

Capacity*
100
86
75
52
40
30
25
17
45
50

MMFD
MMFD
MMFD
MMFD
MMFD
MMFD
MMFD
MMFD
MMFD
MMFD

AM- 1299 Coil Base only
ADJUSTABLE LINK
TRANSMITTER COILS
Listed are two types of Coils. CL type of
coil has an adjustable CENTER link. ES
type of coil has an adjustable END link
The CL and ES can be used where fixed
!
i
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y
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sured because of this special adjustable
link, an exclusive BUD feature.
150 WATT RATING

Catalog No.
End link
Band
Adjustable
160 Meters
RES-160
80
Meters
RES 80
40 Meters
RES40
RES20
20 Meters
RCL-15
RES15
15 Meters
RCL-10
RES10
10 Meters
AM- 1932 — Mounting Base for RCL and RES Coils
Also available in 500W and KW sizes

Catalog No.
Center Link
Adjustable
RCL-160
RCL-80
RCL-40

Capacity*
110 MMFD
68 MMFD
36 MMFD
27 MMFD
27 MMFD
25 MMFD

VARIABLE LINK
TRANSMITTER COILS
The most effective method of varying
the loading of an R. F. Stage is by the
use of a variable link to the plate tank,
a feature incorporated in all Bud Variable Link Coils. The link winding is
connected to the jack bar into which
the coils are plugged, and this link may
be used with any of the coils regardless
of the band being worked. The link
winding is so arranged that it may be
readily controlled from the panel by
means of an extension shaft if required.

Width
5 ye,

Height
2W'

Depth
3"

Also available in 100W size
IRON CORE R. F. CHOKES
The efficiency of any circuit requiring an R. F
choke will be definitely improved by utilizing one
of these chokes with a finely divided molded metallic core. The improved "Q" possible with this construction results from the D. C. resistance of these
chokes being from 40 to 50% less for a given inductance than for regular air-core types. Thus,
the D. C. voltage drop through the choke is considerably less, yet the choking action is equally as good. Windings
are made with silk-covered enameled wire terminated on convenient soldering lugs, and the chokes are mounted in small square
shield cans measuring 134" x 134" x 17/
16"•
Catalog
Inductance
D. C. Resistance
Current
Number
mh.
Ohms
ma.
CH- 1277
1.5
11.5
125
CH- 1278
2.5
16.
125
CH- 1279
3.4
19.5
125
CH- 1280
5.5
27.5
125
CH- 1281
8.
36.
125
CH- 1282
10.
42.5
125
CH- 1283
16.
53.
125
CH- 1284
30.
82.
100
CH- 1285
60.
131.
100
CH- 1286
80.
163.
90
CH- 1287
125.
221.
90
CH- 294
Shield Can Only
....
Also available Pie wound and Lattice wound
TRANSMITTING CHOKES
Here are two heavy duty R. F. Chokes that can really
take it in high powered transmitter plate circuits.
Each choke is wound on 346" dia. Steatite rod, has
connection lugs and a mounting foot.
All chokes have a heavy ceramic coating which
prevents moisture absorption and enables them
to withstand momentary overloads without
_
,r.--.
----. collapsing the individual pies.
_ -.•=Consists of five graduated pies wound in continuous
l'U
winding. Care has been taken to prevent any of t
he
pies from being resonant on an amateur band and to
keep the distributed capacity at a minimum. Overall height 34
, ".

r
e7_4-3

Catalog
Number
CH- 568
CH- 569

Catalog
FC-795
FC-845
FC-855

Inductance
2.5 mh.
4.3 mh.

Current
Capacity
1 amp.
6 amp.ohms

D. C.
Resistance
5 ohms
12

INSULATED FLEXIBLE COUPLINGS
Tandem operation of two or more units is readily accomplished through the use of these couplers. Direct
shaft alignment is not essential, and all couplers are
made to fit le shafts.
Insulation
Height
Diameter
Ceramic
Vis"
1As"
Bakelite
11
/6"
2
Bakelite
w.
Vis"

500 WATT COILS
Length Mounting
Catalog
M oun ting
Hole
Number
Band
Cap acit y*
Strip Dim.
Dim.
VLS-160
160 Meter
85 MMFD
If
5"
VLS-80
80 M
70 MMFD
5%"
5"
VLS-40
40 M
36 MMFD
5W ,
5"
VLS-20
30 M
28 MMFD
5W'
5"
VLS-I5
15 M
25 MMFD
5W ,
5"
VLS-10
10 M
25 MMFD
5W'
5"
AM- 1352 — Base and Link Assembly for 500 Watt Coils
Also available in 150W and KW sizes
*Denotes tube plus circuit plus tank plus output coupling capacity
required to resonate coil at low frequency end of band.

HIGH VOLTAGE FLEXIBLE COUPLINGS
A new type spring construction in these couplings permits a wide gap between shaft connections, freedom from back-lash, and unusual
flexibility. The springs are attached to glazed
Steatite discs 1W' in diameter and 346" thick,
and the overall diameter of the finished coupling
is 1,3/
16". Coupling accommodates standard !-¡."
shaft. Springs are also attached to Bakelite discs 1W' in diameter.
Insulation
Catalog No.
Steatite
FC-614
Bakelite
FC-619

Illustrated are only a few of the many types and sizes of Bud Products. For complete catalog write Dept. H.
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BUD Products are made to work better ... last longer
BUTTERFLY TRANSMITTER CONDENSERS
These Butterfly condensers are unequaled for mechanical and electrical balance in push-pull amplifier circuits. Where space behind
the panel will not permit the use of our Giant or Master condensers,
these dual condensers are ideal.
Rotor and Stator plates are made from .062" thick, highly polished aluminum with all edges rounded and surfaces highly polished
tio minimize corona loss and danger of peak voltage flash-over.
Steatite bars are used as insulators.

Catalog
Number
GC- 1825
GC- 1826
GC- 1827
GC- 1828
GC- 1829
GC- 1830
GC- I831
GC- 1832
GC- 1833
GC- 1834
GC- 1835

These condensers are so designed that a pair of single plate neutralizing condensers can be fastened to the end plate. Brackets for
mounting coil jack bars are furnished with the condensers. All condensers that have an air gap of . 5" are furnished with brackets for
kilowatt coils and the condensers that have . 3" air gap are furnished
with brackets for the mounting of 500 watt coils. The height of
the condensers is 6,.¡" and the width is 7".

Capacity
Mounting
MMFD Per
Overall
Hole
Air
Section
Length
Diam.
Gap
Max. — Min.
25 -- 13
8%2"
62%2" . 500
103‘e
9l
/32"
.
500
38 — 17
122% 2,,
11 %2"
. 500
54 — 25
15"
13 ' ,Az"
. 500
70 — 32
17 342"
15 35/
32"
. 500
86 — 38
61%, ,,
53h3"
.
300
31 — 10
83e
7'/," . 300
51 — 15
10"
8.V" . 300
71 — 19
11 , "
10"
. 300
92 — 24
12/ "
11'." . 300
114 — 29
A pair of Neut. Cond. for above condensers

MIDGET CONDENSERS
Small size, sturdy construction and high
mechanical and electrical efficiency are the
outstanding features. Insulation used is
Steatite. Rotor and Stator plates are brass
and are electrosoldered to their respective
rods. All metal parts are cadmium plated.
These condensers have both front and rear
bearings and are furnished in either mid- line type plates (straight
line wave length), or semi- circular plates (straight line capacity.)
SEMI- CIRCULAR TYPE— DOUBLE BEARING
Catalog
Number
MC- 1850
MC- 1853
MC- 1855
MC- 1863
MC- 1865
MC- 1867

Cap. in MMFD.
Max.
Min.
15
3
50
5
100
7
50
7
100
12
50
10
For additional sizes consult

Air
Gap
.024"
.024"
.024"
060"
.060"
.095"
Bud Catalog

Number
Plates
3
7
14
15
31
23

"CE" TYPE DUAL MIDGET CONDENSERS
These Midget Condensers were dern
gn m eet
eteft
fili
ce
ier
ni
t id
ulr
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nts

Catalog
Number
NC- 1000
NC- 1001
NC- 1002

Plate
Diameter
1
27/
32"
2' 346"
434"

MMFD. Capacity
Max.
Min.
11
1
24
2
27
6

FEED- THROUGH AND BASE MOUNTED

ig ncredsito

....!

II

..t_

quency electronic devices and precision
laboratory equipment. The large front
and rear bearings provide for smooth
rotation. They feature a rctor wiping
contact placed at center of the rotor
t.2> tIS¡
assembly to assure maximum efficiency
at ulti a-high frequency. Opposed rotor
construction assures perfect counterbalance and provides even
torque at any pcsition of rotation. Steatite insulation eliminates
closed inducticn loop in frame. All metal parts cadmium plated.
PER SECTION
Catalog
Number
CE2032
CE2033
CE2035
CE2036
CE204I

NEUTRALIZING AND HIGH FREQUENCY
TUNING CONDENSERS
This line of condensers will fill every neutralizing
and high frequency tuning requirement that modern circuits pose. The two-pillar construction
makes this unit unusually sturdy and eliminates
any possibility of capacity variation due to
vibration. The movable plate is adjusted by
means of the threaded shaft to which it is attached, and it is permanently locked in any
position by the lock- nut provided. Any loose
thread is taken up by a special nut and locked to give smooth
operation. All metal parts are of aluminum. Plates have rounded
edges. Steatite insulation is used.

Capacity
MMFD Sections in Series
Max. — Min.
13 — 7
18 — 8
28 — 13
38 — 17
43 — 19
12 — 3
21 — 4
31 — 6
43 — 9
51 — 11

Max.
Min.
No. of
Air
Cap.
Cap.
Plates
Gap
35
6
7
.030"
50
7
9
030"
100
9
18
.030"
150
10
27
. 030"
50
8
15
.060"
For additional sizes consult Bud Catalog

Distance
Behind
Panel
3V32"
314 '

432;

5
423/
3z "

TINY MITE TUNING CONDENSER
SINGLE SECTION
This series of condensers has been designed for
applications where space or weight are limiting
factors and for tuning of ultra- high frequency
circuits. Rigid construction, close fitting bearing,
positive rotor contact and Steatite insulation are
the outstanding features. Cadmium plated, soldered, brass plates
and rods insure high frequency efficiency.
Max.
Min.
Catalog
Cap.
Cap.
Number
MMFD.
MMFD.
LC- 1640
8
2.5
LC- 1644
50
6
LC- 1646
100
9
LC- 1652*
50
8
LC- 1654
15
5.5
LC- 1655*
25
9
,Denote double bearing.
For additional sizes consult

NEUTRALIZING CONDENSERS
, .. L

r)

No.
of
Plates
3
19
37
35
15
27

Air
Gap
.017"
.017"
.017"
.037"
.073"
.073"
Bud Catalog

THREE- GANG TINY MITE
CONDENSERS

In circuits utilizing tubes with the grid lead terminated in the base, feed-through type of neutralizing
condenser is particularly suited. One hole is required
for mounting of feed-through condensers. Neutralizing condenser illustrated in feed- through type. Plates
are made of aluminum rounded at edges to cut down
losses. After proper tuning is attained, movable plate
can be locked with the knurled nut.
No. 890 and No. 852 are ideal neutralizers for popular low power
beam tubes. No. 890 condenser is base mounted only.

Hams, Radio Constructors and Experimenters can find many uses for these
compact, three- gang condensers. Designed particularly for high
frequency use, they are adaptable for use in converters, preselectors
and receivers covering the Amateur, Television and F.M. bands.
Well constructed with soldered brass plates and ceramic brackets.
Rotor shaft extended
at rear. Height 15/
16 ". Width
4
3
Length behind panel 3,-i". Mounting holes 2348" apart.

Cat.
Number
NC-852
NC-853
NC- 890

Catalog
Number
LC- 1845
LC- 1846
LC- 1847

Plate
Diameter
1"
12 %2"
1"

Size Hole
for Mtg.
I3A 3o

MMFD.
Max.
6
11
6

Capacity
Min.
.5
1
.5

•...:711r• fa a

1
/e.

Cap. Per Section
Max.
Min.
11
5
17
5
25
6

No. of Plates
Per Section
3
4
5

Illustrated are only a few of the many types and sizes of Bud Products. For complete catalog write Dept. H.

BUD RADIO, INC., 2118 East 55th Street, Cleveland 3, Ohio
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The CARDAX
World's favorite premium crystal mike—the first high level
crystal cardioid with dual fre.
quency response, List, $42.50
The " 630" DYNAMIC
Very popular super-dynamIc.
Ideal frequency response. High
output. Acoustalloy diaphragm.
Lists at $ 15.00.
The MERCURY
Rugged, handsome Crystal or
Dynamic. Extra quality features
at minimum cost. List prices
from $27.50 to $39.50.

Across the U. S. A.... out to
far-away places... your chance of
a clear QSO is better with an E-V mike.
E-V engineered response puts your exact
speaking voice on your carrier...assures
quick, individual voice recognition.
There's a model made for you in
the complete E-V line...with
The CENTURY
Low-cost all-purpose crystal
and dynamic models. Rugged,
dependable. Satin chromium
finish. Lists at $ 1240 and up

all the extra quality, extra features,
extra value you want.
Ask your E- V Distributor, or
write for Catalog.

Microphones • High Fidelity Speakers
Phono Pickups • Self-Tuning TV Boosters

glewereekz
407 CARROLL STREET, BUCHANAN, MICH.
Export:

TOUCH-TO—TALK
First to fit any mike with 5/s27
stand coupler. Finger-tip relay
operation or microphone " On.
Ott." With or without mike.

13 East 40th St., N.Y. 16, U.S.A., Cables: Arlab
Pat. Pend.. Crystal Microphones Licensed Under Brush Patents
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AComplete List of

DIO

PLANT CAPACITY UP 200%!
w plant facilities devoted enW

show you that we can fill them with precision' t rices as low as any in the
teste
business. Com pte specifications and prices
on request. Write: General Elearic Company,
Y.
Section 562, Electronics Park, Syracuse, N.

tirelyne
to the manufacture of germanium
products, we can now deliver 12,000,000
1T

diodes ayear—industry's total estimated needs.
Whatever your diode requirements, let us

11818-
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50
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4.0

400

50

50
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10G
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G5F
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400
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050
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150
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G5K
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051
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200

50

5.0

850

40

400

A
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125
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A
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PAIRS
Note ( 1)

QUIDS

5

max. noise factor over 104218 in

500 mc miser CKT

5
5

078

UWE

A

M. Rect. HI. at 100 mc and 2 v tionaI-60%

06

I0472

A

Min. dc current in 44 mc rectifier-- 100
70

75% min. rect. • ff. 01100 me for detector
for 'baroness of break 1.1 char. for

freq. multiplier

25

75

25

75

25

75

25
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25
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25

75

25
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25
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A
A
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A
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400
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4.0

150

50

400

A

85

150
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40

50

50

400

A

125

ISO
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2.5

50

50

A
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100

400

125

150
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100
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10473

09

75

Note (I)
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G9A

75
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50® —

10v

22.5

22.5

60

100
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eRANEASTORS
Mete ( 41

GII

S Max. OMS emitter signal level — .
3,

DC emitter cu rent—. 5 ma;

GIIA ? Ma, DC collector current-2.0 rio; power gain 17 to 21 db; power output 25 rii‘v

(J) Matched at -I- In so that current through higher resistance unit is within 10% of lower resistance unit.
(2) Consists of 4 balanced diodes. With 15 rna forward
current; the voltage drop of each diode is 1.3, min.
and 1.7v max., all diodes ore within 0.1 volt of each
other, and voltage drop of o pair is 0.03 volts of each
other.

oa ea/it'd

max.

(3) Consists of 4 balanced diodes. With 15 na forword
current; the voltage drop of each diode is I.2v min.
and 1.13v max., all diodes ore within 0.2v of each
other, and voltage drop of a pair is 0.1v of each other.
(4) Additional test over 011 for negative resistance of
base current vs. base voltage characteristic for trigger
circuit operation.

emyence

GENERAL

ELECTRIC

•General Electric's complete line of communication equipment will cover your requirements for law enforcement, emergency, industrial, civil defense applications.
2-WAY RADIO
25-50 mc
72-76 mc
148-174 mc

MICROWAVE
960 mc
1700-1990 mc

CARRIER CURRENT
50-200 kc
30-70 kc
70-200 kc

ACCESSORIES
Supervisory Control
Tone Signaling
Selective Calling

450-470 mc
For full information, call the General Electric electronics office near you, or write:
General Electric Company, Section 562, Electronics Park, Syracuse, New York.

TEST EQUIPMENT

SWEEP GENERATOR, TYPE ST-4A
This Variable Permeability
Sweep is completely electronic. has no moving parts.
Ideal for TV receiver maintenance, TV production
and development laboratories, wide band amplifier
study, transmission line impedance measurements.
Mounts in 19" relay rack.
Have you received your

OSCILLOSCOPE, TYPE ST- 2A
Excellent for head-on position work. Unsurpassed for
stability and fine trace . . .
no bounce when shifting
bands. Delivers maximum
sensitivity without sacrifice
of frequency response. Use
it to check hum, noise, distortion, modulation, phase
relationships.

MARKER GENERATOR, TYPE ST- 5A
Functions as acrystal referenced calibrator from 10
mc to 300 mc. When used
with the G-E sweep generator, it provides amultiple
of markers spaced 1.5 or
4.5 mc apart ... or can be
used to supply amarker or
markers at any frequency up
to from 10 mc to 900 mc.

copy of the new G- E Test Equipment

catalog? Write us today. General Electric Company,
Section 562, Electronics Park, Syracuse, New York.
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The AMERICAN RADIO
•

RELAY LEAGUE, INC.

•

. . represents THE organization of
amateur radio, the organization that has done so much to keep the spirit

•

and art of ham radio alive for over 37 years . . . the organization which

•

has been a never-failing source of inspiration, information and assist-

•

ance to both newcomer and old-timer in the art.

•
•

WHEN Hiram Percy Maxim laid the

•

foundations for ARRL in 1915, he could scarcely foresee the phenomenal

•
•

growth the organization has enjoyed, a growth resulting from consistent
service to the amateurs of the country. This service is in such divergent
fields as Technical Development, Operating Practice and Legislative

•

Protection. Thus the growth of ARRL is merited through application,

•

service and good-will.

•
•

IN the pages that follow, we intro-

:

duce to Novices and re-introduce to Old Timers the publications of The

•

American Radio Relay League. Here, the former will learn for the first

•

time of the many guides to better operation on the air and to greater enjoyment of the hobby; the latter— particularly those in the electronics

•

•

industry— will have a " refresher" course instantly handy the minute it

•

•

is needed.

•
•
•
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Q ST

has been the radio amateur's own journal since 1915, giving
over 35 years of service, information, knowledge and inspiration. It has been published continuously (except for a
period of 20 months during World War I) and is the oldest
radio magazine still in existence. Although primarily a ham magazine, it is
found on the desks, tables and library shelves of scores of engineers, technicians and others in the electronics field who wish to keep in touch with the
development of the art. There is something for everyone in QST, from the
Novice to the Old Timer. QST reports faithfully and adequately each month
the progress of amateur radio; equipment, gear, practice, design, theory, all
appear in its info-packed pages. Activities of various groups are also covered.
It is difficult to imagine a wide-awake ham doing without QST — the magazine that has met with such widespread approval over a generation of
amateurs.
QST and ARRL membership $4.00 in USA, $4.25 in Canada,
$5.00 elsewhere

The
RADIO

° CONG

considered the reference work of radio amateur
and electronics engineer , this annual ARRL publication
ranks ace-high in popularity. With an average distribution
, a nnually of over 100,00 0 copies , it finds its wa y to the
AMATEUR S desk of the engineer, technician, laboratory man, equipment designer, amateur and many more in the electronics
HANDBOOK field. The engineer and the purchasing agent of many concerns find it indispensable for checking and securing data,
gear, equipment and components. Its editorial content is so arranged that
there is hardly any query that might possibly arise in ham radio which is unanswered. Written in a clear, concise manner, and illustrated with hundreds of
sharp photographs and clear diagrams and schematics, crisp in line and readable, The Radio Amateur's Handbook is proving a godsend to many thousands
who are building, repairing or improving their present rigs; to others who seek
knowledge or news of new developments and new products. Chapters are devoted to Theory, Construction, Components, Functions of various parts; wave
propagation, Antenna Systems, H.F., V.H.F., Modulation, Reception and
Transmission, Trouble- shooting, Power Supplies, Microwave Communication, Mobile Equipment, Measuring and Test Equipment, Putting a Station on
the Air, Proper Operating Procedure. . And in addition, the Handbook contains complete charts and tables of tubes, values and radio terms. Many
months of intensive work annually go into the preparation of the Handbook.
$3.00 USA Proper. $3.50 U. S. Possessions & Canada. Elsewhere $4.00.
Buckram- Bound Edition $ 5.00 Everywhere. All prices postpaid.

THIS

HOW TO
BECOME

A

is the book that tells not only the WHY but the HOW
Writ ten in a strai ghtone of the most popu-

o fgetting started in amateur radio.
f
o rward style, this has proved to be

RADIO

lar on the American Radio Relay Lea gue's list. It explains
what must be done to get on the air. On the theory that
one must learn to walk before one can run, the Novice and
beginner are taken step by step through the various stages
of what has to be done. The fascinating world of ham
radio is opened to them, and they cannot take the wrong turn when following
the path to bigger things. Included in the book are How-to-build- it articles on
AMATEUR

simple receivers and transmitters.
50c postpaid. (No stamps, please)

•
HINTS

EVERY ham, no matter how expert, occasionally comes
across a knotty problem. This ARRL publication was designed to meet such situations. " Hints & Kinks" is a symKINKS
posium of over 200 practical ideas for the workshop and
station, and contains many tips on conversion work and
salvage of components which perhaps may have been considered unusable. Like other ARRL books. " Hints & Kinks" contains complete, clearly written information, and is illustrated with photographs and
drawings. This book includes tips in solving problems involving receivers.
transmitters, power supplies, antenna systems. V.H.F. gear, keying and monitoring, test and measuring equipment and conversion. The Novice and advancing amateur will find " Hints & Kinks" of great value, and a time saver.

I
e
I
e

I
e

$1.00 USA proper. Elsewhere $ 1.25. Postpaid.
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THE ARRL

THE Headquarters Staff of ARRL combined
their knowledge in assembling data which make
ANTENNA up - The ARRL Antenna Book." Containing 16
BOOK
chapters, and profusely illustrated, it includes all
necessary information on theory and operation of
antennas ( for all amateur bands): simple doublets, multi- element arrays, rotaries, long wires, rhombics, vees and others.
Feed systems and their adjustments are also explained. If the
problem or query has anything to do with an antenna, you ought
to find it in the ARRL Antenna Book. A must for the shack of the
active operator.
$1.00 USA Proper. $1.25 Elsewhere. Postpaid.

•
•
•
•
•
•
•

THE RADIO
AMATEUR'S
LICENSE

•

COMING off the press almost as fast as the

demand for it, which is enormous, the Radio
Amateur's License Manual has become one of
the most important publications of The AmenMANUAL
can Radio Relay League, especially since the
newly created Novice and Technician Class licenses were approved by the FCC. The License Manual is the
What, Why, and Where for the ham who is seeking to get that
coveted ticket. Practically everything he needs to know is contained in this concise, clearly-written text. A popular guidepost
to a ham ticket for many thousands every month. Completely
revised and including the latest FCC regulations, the Radio
Amateur's License Manual is still selling at the popular price of

•
•
•
•
•
•

50t postpaid. (No stamps please.)
•

LEARNING THE
RADIOTELEGRAPH

FOR those who find it difficult to master
the code, this ARRL publication supplies
the key to the problem. It is designed to
CODE
help the beginner overcome the main
stumbling- block to a ham license. The
pitfalls are pointed out, and he progresses step by step toward a
faster knowledge and ability to send and receive in code. When
code practice machines or experienced operators are not available, " Learning The Radiotelegraph Code" is a boon to the
Novice. Material is included on practice, both classroom group
study, and home- study as well. There are also data on highspeed operation, typewriter copying and general operating information as well as tables and references.

•

25t postpaid. ( No stamps please.)

A COURSE

THIS ARRL publication is really three
books in one: a study guide, an examination book, and a laboratory manual. It is
FUNDAMENTALS designed for use with The Radio Amateur's
Handbook and neatly complements it.
Here, under one cover, the essentials of electricity and radio are
concisely and clearly explained. There are also practical demonstrations of the various laws. The technicalities of the art lose
their mystery. The beginner's path is smoothed by the wellordered outline and treatment of the various subjects. Also in
the book are interesting study assignments, examination questions for either group or individual study. Theory and design are
covered and there are 40 detailed experiments with simple
apparatus.
IN RADIO

50e postpaid. (No stamps please.)

•-111•—•111•—•••wee•••
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I

THIS popular ARRL World Map is a decided must for
any hamshack. Printed in eight colors, on heavy map

•

paper, and measuring 40" wide and 30" high, it is the

I

answer to the question " Where is he? - You see the

4
;

country on the map, how far it is and in what direction.
Country prefixes are not just listed in a

marg i
na lco l-

4
1
)

umn but printed right on the countries, themselves.
Boundaries are plainly marked, and 267 countries

I

outlined. Time zones are indicated as well.
40" s 30" 8- colors. $2.00 postpaid anywh ere in th e

T

•

world.

•

•

ti
OST

BINDERS

These sturdy binders for monthly QST copies,
designed to hold an entire year's file, serve a
double purpose. They keep your running file complete and neat, and
they make it easy to consult any back issue. No more unsightly piles
on your bookshelf or hamshack rack, no more hunting for that mislaid
issue. Copies lie flat. $2.50, postpaid.

T

I

•
le
I

•
LOG

BOOKS Spiral bound so that they will lie flat, and with sturdy
covers, the ARRL log books are convenient to use. No
need to be a contortionist to make those entries! The 81
2 " x 11" pages
/
contain all necessary columns of information which has to be noted in accordance with FCC regulations. There are also blank pages for notes. Lists
of Q signals and ARRL numbered radiograms are included. 50r USA
Proper. 60t elsewhere. Postpaid.

I
•

T
MINILOGS

Designed to fit the glove compartment of your car, this •

for mobile and portablelog book mobile
with its operation.
4" x 6" pages
Spiralanswers
bound,
theit special
lies flat.
needs
All
FCC requirements met. 30e USA Proper. 35e elsewhere. Postpaid.

I

•

RADIOGRAMS This blank is designed to comply with the proper
order of transmission. All blocks for fill-in are properly spaced for use in a typewriter. A great time-saver. 81
2 " x 71
/
2 ", they are
/
padded in lots of 100. 35e per pad, postpaid.

T

MESSAGE DELIVERY CARDS These
material
cards
and embody
design as
the radiosome
•
I
grams. Available in two styles, on stamped government postcard 4r each; •
same size but unstamped, 2e each. Postpaid.
Members' stationery is lithographed on good qu ality
bond paper, in standard 81
2 x 11 sheets. 100 sheets,
/
$1.25; 250 sheets, $1.50; 500 sheets, $2.50. Postpaid.

•

1

STATIONERY

TYPE

A

&

TYPE B
a RRL

•

•

THE

Type A calculator will tell yo u the various
values of inductance and capacitance that will
resonate at any selected frequency and it will find
any one of the Inductance, Capacitance and Frequency values if two of these three are known.

I
a
i
I
•

CALCULATORS
The Type B calculator will find resistance, voltage
I
and current values if two of them are known. Instruc- •
tions on finding watts, current resistance and voltage are also given.
I
Both calculators are handy lab tools. Type A or Type B. $1.00 each. Postpaid •
I
•

THIS

THE

ARRL

EMBLEM

•

emblem, worn by most members at get-togethers, hamfests, conventions and other
places where good fellows get together, has become known the world over, wherever one
amateur meets another. With gold border and letter and with black enamel background, it is
available in safety-catch pin type. or screw- back model. $1.00. Postpaid.
The emblem, 3
4 " high, can also be furnished as a cut for printing by
/
members on QSL cards, letterheads, stationery, etc. $1.00 postpaid.

I

•

1

'
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Collins 15A-2 Receiver
This double conversion superheterodyne is professionally designed for stzperior performance on the
160, 80, 40, 20, 15, 11 and 10 meter amateur bands.
Its characteristics include sensational stability, accuracy of calibration, sensitivity, image rejection and,
above all, selectivity.
The 75A-2's very high selectivity is obtained by use
of nine tuned circuits at 455 kc i
f, and an improved
crystal filter which is variable by front panel control.
Selectivity is adjusted at the factory to 4 kc at 6db
down and about 12 kc at 60 db down ( selectivity
knob at zero — crystal filter out). With selectivity
set at 4 ( maximum) the bandwidth is 200 cycles at
6 db down and 6.5 kc at 60 db down. The instruction
book describes simple adjustments by which the
owner may obtain 2.5 kc at 6 db down and 10.5 kc at
60 down with the crystal filter out, and correspondingly greater selectivity as the filter control is advanced.
Extraordinary stability is accomplished by means
of quartz crystals in the high frequency oscillator
stage and a Collins 70E-12 sealed VFO in the low

frequency circuit. The 70E-12 employs a new twotube circuit which assures improved stability unaffected by variations in tubes.
Only the band in use is visible on the slide-rule
dial which is calibrated directly in one-tenth mc.
The vernier dial is calff3rated at one kc intervals on
the 160 through 15 meter bands, and at two kc on the
11 and 10 meter bands. A vernier zero set control is
on the front panel.
her front panel controls than
those mentioned above are: Tuning, bandswitch, CW
pitch, antenna trimmer, off-standby-on, r-f gain, a-f
gain, crystal phasing, CW-AM-FM, noise limiter,
separate CW noise limiter.
Tubes employed: 6CB6 r-f amplifier, 6BA7 first
mixer, 6BA7 second mixer, 12AT7 crystal oscillator,
three 6BA6 455 kc i
famplifiers, 6AL5 detector and
AVC rectifier, 12AX7 AVC amplifier and a-f amplifier, GALS automatic noise limiter, 6AQ5 audio power
amplifier, 6BA6 beat frequency oscillator, 6BA6
VFO, 6BA6 VFO buffer, and 6AL5 CW limiter, with
a 5Y3 power rectifier and an 0A2 voltage regulator
for plate supply of the 70E-12 VFO.
75A-2 dimensions:
21 1/8" wide, 12 7/16" high, 13 5/16^ deep.

8R-1

Power source: 115 volts 50/60 cycles a- c.
Shipping weight: 70 lbs.
Net domestic prices:

148C-1

7SA-2 receiver: $420.00.

The 8R-1 100 kc crystal calibrator and the 148C-1
NBFM adapter, shown on this page, are available as
accessories, for plugging into completely wired sockets on the top of the chassis. The operation of both
units may be controlled by switches located on the
front panel.

10- inch speaker in matching cabinet: $20.00
8R-1 crystal calibrator: $25.00
148C-1 NEFM adapter: $22.50

For the best in radio communications, it's . . .

COLLINS RADIO COMPANY, Cedar Rapids. Iowa
11 W. 42nd St., NEW YORK 18

1937 trwing Blvd, DALLAS 2

2700 W. Olive Ave., BURBANK

Professional Gear for Amateurs

Collins
KW-1Transmitter
The KW- 1transmitter is engineered to equip the
amateur for use of the maximum power permitted
by his license. Its input is afull, cool 1000 watts on
phone as well as CW. The entire transmitter and
its power supply are integrated in an attractive
wrinkle finish cabinet.
The KW- 1's frequency range covers the 160, 80,
40, 20, 15, 11 and 10 meter bands. Complete bandswitching of the exciter, driver, and power amplifier is accomplished by asingle control on the front
panel. This reduces to four the number of tuning
functions required in operation: bandswitch selection, frequency setting, PA tuning, and PA loading.
Over any narrow frequency range, it is only necessary to adjust the frequency control, which is by
means of a newly developed, extremely stable, hermetically sealed master oscillator.
TVI reduction is accomplished by the use of
multiple- tuned circuits at the output frequency on
every band. A minimum of three circuits at the output frequency greatly attenuates not only the second
and third harmonics, but also sub-harmonics. Great
care has been given to filtering all control and
power leads entering the exciter- power amplifier
compartment, which is itself a totally enclosed and
shielded structure. A Collins 35C low pass filter is
incorporated as standard equipment. The output
network is aconventional pi followed by an L section for increased harmonic attenuation.
The speech amplifier has a peak clipper, and a
low and high level filter, permitting high-percentage
modulation without splatter.
Tube complement: Oscillator — two 6BA6's.
Exciter — one 6BA6, four 6AQ5's, one 807W, two
VR105's, one 6A10 ballast tube. Power amplifier —
two 4-250A's. Speech amplifier — one 12AX7, one
GALS, two 12AU7's, two 6B4G's, two 810's. Rectifiers — two 872A's, one 5R4GY, three 5V4's.

The KW- 1's power
amplifier assembly
Dimensions:
28" wide, 18" deep, 66

1 2"

high.

Power source:
115

volts

or

115 230

volts

50 60

cycle single phase grounded neutral.
Net domestic price . . .

72

S3,850.00

Meters: Modulator current, PA plate current,
high voltage, line voltage, multipurpose meter, antenna ammeter. Line fuses, plus overload relay in
Class C amplifier current lead, provide circuit protection.

Professional Gear for Amateurs

Collins 32V-3 Transmitter
The Collies 32V-3, like its predecessor the 32V-2,
is a VFO controlled bandswitching gang-tuned
amateur transmitter, conservatively rated at 150
watts input on CW and 120 watts input on phone.
It covers the 80, 40, 20, 15, 11 and 10 meter ham
bands. It differs mainly in its added provisions for
reduction of television interference.
The cabinet of the 32V-3 is solid metal, open
only in front to receive the chassis. Even the handhole at each end is lined. There is no liftable lid,
and quarter- inch perforations replace slots for ventilation. Thus two types of leakage paths have been
eliminated. Two pull handles have been added for
easy removal of the panel and chassis. When firmly
screwed in place, bare panel metal makes proper
electrical contact with bare cabinet metal, eliminating another leakage path.
The entire r-fsection of the 32V-3 has been completely enclosed in an outer shield of perforated
metal which permits adequate ventilation while
blocking radiation of troublesome harmonics. This
is in addition to the r-fshielding used in the 32V-2.
Low pass lifters in the following outgoing leads

are visible at the back of the chassis view: both
sides of the a-cpower line and ( above) the antenna
relay line and both sides of the receiver disabling
circuit. Additional low pass filters, not visible, are
installed at the microphone connector and the key
circuit, and one in each lead to each of the two
meters.
The r- ftube line-up: A 6SJ7 VFO, 6AK6 buffer,
6AG7, 7C5 and 7C5 frequency multipliers, and
4D32 final amplifier. Speech line-up: A 6SL7 in
cascade to 6SN7 to apair of 807 modulators, which
furnish 60 watts audio power to modulate the final
amplifier. The power supply contains a 5Z4 ( low
voltage) and two 5R4GY ( high voltage) rectifiers,
aVR75 bias regulator, one 0A2 and one OB2 oscillator plate voltage regulators, and two 0A2 screen
voltage limiters.
Dimensions:
21 1/II" wide,

12 7 16" high, 13 718" deep.

Power source: 115 volts 50 60 cycles a-e.
Shipping weight: 133 pounds.
Net domentic price

...

$775.00

35C-2 Low Pass Filter
A coaxial fitting is provided at the rear of the
32V-3 cabinet. This permits the use of a well
shielded transmission line in which the Collins
35C-2 Low Pass Filter may be inserted. The 35C-2
is a52 ohm three-section filter which, with approximately 0.2 db insertion loss below 29.7 mc, provides approximately 75 db attenuation of harmonic
emissions at the television frequencies. This high
attenuation is added to that provided in the transmitter. The unbalanced output permits grounding
of the outer conductor of the line and the case of
the filter.
Net domestic price

$40.00
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Collins Gear for Professionals
4
\
• •0eh

The advanced engineering, reliability, and high performance typical
of Collins ham gear are also characteristic of Collins airborne and
ground-based radio communication and navigation equipment, and
Collins AM and FM broadcast equipment. All Collins equipment is designed and made to the exacting standards set for military applications.

tf

Collins 300 .1 250 watt AM broadcast transmitter, product of today's most advanced engineering
concepts and techniques.

Collins 231D 3 5 kw 3 to 26 mc 10- channel Autoture ground station transmitter
for very long range voice, CW MCW and
F5K communications.

Collins 30K-4 two- channel 2 to 30 mc crystal
controlled grourd station transmitter. 30C. watts
CW. 250 watts phone.

*Registered in U. S. Patent Office

Open front view of Collins 51N-5, engineered for continuous duty, in pairs, as a sensitive diversity receiver
for use with Collins 706A-2 frequency shift converter.
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Collins SIN- 2 rack orrountine communicatinn receiver for continuous unattended AI. A2 rani 113
reception at any ore frequen:y within 2 to 14 mg.

Model 65-B

MEGACYCLE
METER
Model 59
The only grid-dip meter covering
the frequency range of —

2.2 Mc. to 400 Mc.

STANDARD SIGNAL
GENERATOR
Frequency Range: 75 Kc. to 30 Mc.

A multi - purpose instrument for determining the
resonant frequency of tuned circuits, antennas,
transmission lines. For the measurement of capacitance, inductance, relative " Q" ; as an auxiliary
signal generator; for signal tracing; as a marker
for use with a sweep- frequency generator, and
many other applications.

FEATURES:
•Compact oscillator unit for
coupling to circuits in small
spaces.
'Individually calibrated,
direct reading frequency
dial; accurate to
2%.
•Internal modulation.
'May be battery operated.

Mime

Model 80

CRYSTAL CALIBRATOR
Model 111
For the calibration and frequency checking of receivers,
transmitters, grid- dip meters, signal generators and
other equipment where a high degree of frequency
accuracy is required.

250 Kc. to 1000 Mc.
(To within .
25 Mc.)

STANDARD SIGNAL

Frequency Accuracy: 0.001%

GENERATOR

The Model Ill is a dual-purpose calibrator. It provides
a test signal of crystal controlled frequency and has a
self-contained detector of 2 microwatts sensitivity.

Frequency Range: 2 Mc. to 400 Mc.

--1111.111M-11111.1111.—

Model 7E- FM

111111.111r

INTERMODULATION METER
Model 31

FM
SIGNAL GENERATOR
Frequency Range:
86 Mc. to 108 Mc.

This instrument will enable you
to get the best performance
from all audio systems; for the
correct adjustment and maintenance of AM and FM receivers and transmitters; for
checking linearity of film and
The generator section of the Model 31 prodisc recordings and reproducduces the mixed high and low frequency
tions; checking phonograph
signal required for intermodulation testing. A
pickups and recording styli;
direct reading meter in the analyzer section
adjusting bias in tape recordindicates the percentage of intermodulation:
ings, etc.
Write for our Catalog of Laboratory Standards

MEASUREMENTS CORPORATION
BOONTON

NEW

JERSEY

WHEREVER THE CIRCUIT SAYS Nv\r•
New type
ulated Cons •
Resit
meet JAN RSpecifications a 1
2 , 1
/
2 , 1 and
/
2 watts. Small size BIB specially designed for
miniature 2 watt requirements. Type Bis are suited
to television and similar exacting circuits. Extremely
low operating temperature. Excellent power dissipation. 330 ohms to 22 megohms in RMA ranges.
(Fully described in Catalog RDC8.)

BW INSULATED WIRE
WOUND RESISTORS
Excepto
e
wattage
wire wound resistors. 1
2 , 1 and
/
2 watts0.24 ohms to 8,200 ohms in RMA ranges. 50%
to 100% overloads can be applied with
negligible change, and return to initial value.
(Fully described in Catalog ROC8.)

EWLY DEVELOPED TYPE
1
4 " d
/
1

VOLUME CONTROL

to smallest chassis, yet they handle big- set
requirements. Interchangeable Fixed Shaft feature ( 13 special shafts) gives coverage of 90%
of AM, FM and TV needs. Knob Master Fixed
Shaft fits most push- on knobs without alteration.
Range: 500 ohms to 10 megohms. Accommodate Type ' 76 Switch.
(Fully described in Catalog RDC1-A.)

2 WATT

,
10M

Designed for long, dependo.
balanced performance in every aiaracteristic.
2 watt, variable wire- wound W Controls provide maximum adaptability to most rheostat
and potentiometer applications within their
power rating. Size 11
/ " by 'As". Resistance
2
values: 2 ohms to 10,000 ohms.
(Fully described in Catalog RDC1-A.)

•

POWER WIRE WOUND

RESISTORS

Fixed and adjustable Power Wire Wounds- 10 to
200 watts— handle full rated power in all standard
ranges, require no derating at high ranges. Dark,
rough coating dissipates heat more rapidly. Unique
terminals assure easy installation. 10 and 20 watt
fixed types have lead and lug terminal, and lug
may be clipped off for space saving in crowded
chassis. Permanent, fadeless marking shows type,
size, resistance.
Where limited space is a factor, Type FRW Flat
Wire Wounds give higher space- power ratio
than standard tubular types. Construction allows
easy vertical or horizontal mounting, singly or
in stacks.
(Fully described in Catalogs RDC-5 and RC- 1.)

For ganged controls, IRC MULTISECTIONS are
added to Q controls like switches to provide
an endless variety of duals, triples and quadruples. Available in 17 values from 1000 ohms
to 10 megohms. MULTISECTIONS are as easily
and quickly attached as switches—cnd duals
will accommodate Type 76 switches
AS

(Fully described in Catalog RDCI-A)

MULTISECTI

AND SINGLE CONTROL

FLAT INSULATED WIRE
WOUND RESISTORS
Unsurpassed for adaptability to an extremely
wide variety of design requirements Radical
design features impervious phenolic compound
casing, special metal mounting bracket that
actually speeds transfer of heat from inside
chassis. Space- saving MW's afford unusual
flexibility in providing taps for voltage dividing
applications.
(Fully described in Catalog RB-2.)

PRECISION WIRE
WOUND RESISTORS

II

Combine the maximum in accuracy clod dependability. Widely used in precision test equipment. 1% accuracy is standard; closer
tolerances available at slightly increased cost.

ear

(Completely described in Catalog RDC-6.)

1
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INTERNATIONAL RESISTANCE COMPANY
401 N. Broad Street
In

Canada:

International

Philadelphia 8, Pa.
Resistance

Co.,

Ltd.,

Toronto,

Licensee

Other
Products
in IRC's complete resistor
line ore described on the
following
pages.

CLOSE TOLERANCE

DEPOSITED. ÇAgapp4. PR.EC.ISIIORS
,
PRECISTORS offer o unique combination af close
tolerance, stability and economy. Pure crIstalline
carbon bonded to selected ceramic corm overcomes limitations of carbon composition resistors
and higher cost of precision wire wounds
PRECISTORS offer wide range of values, uar a
teed accuracy, high stability, low voltage coe
dent, excellent frequency characteristics
predictable

temperature

coefficient.

(Fully described in Catalog RDC-3.)

HIGH

FREQUENCY RESISTORS

Ty
above those of conventional resistors. 2 watts
to 90 watts. Special construction, with resistance
film bonded to steatite ceramic form, provides
stable resistors of low inductance and capacity.
Type MPM's are miniature 1
/ watt units for
4
small- space, high frequency receiver applications.
(Fully described in Catalog RF 1.)

HIGH VOLTAGE RESISTOR
-ye

wer

requirements in high voltage applications.
esistance coating in helical turns on ceramic
be provides a conducting path of long
effective length. 2 watts to 90 watts. Variety
of terminal types. Type MVX's meet requirements for small, high range unit with axial
leads. 2'' x 1
/ '' construction identical with
4
Type MV's, except for terminal.
(Fully described in Catalogs RG-1 and RG-2.)

roducts in IRC's
compl
resistor line
are des bed on the
preceding pages.

Uni
gh frequency— high power resistor
for t evision, FM and dielectric heating applications. Centrifugal force whirls high velocity
stream of water in spiral path against resistance
film— gives efficient high power dissipation up
to 5 K.W. 35 ohms to 1,500 ohms. Resisto
elements interchangeable.
(Fully described in Catalog RF -2.)
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SEALED VOLTMETER MULTIPLIERS
Dependable multipliers for use under the most
severe humidity conditions, Type MF Resistors
consist of a number of IRC Precisions interconnected
and hermetically sealed in a glazed ceramic tube.
Compact, rugged, stable, fully moisture- proof and
easy to install. Maximum current: 1.0 M.A.; 0.5
megohms to 6 megohms.
(Fully described in Catalog RD- 2.)

MATCHED PAIR RESISTORS
Two resistors matched in series or parallel to
as close as 1% initial accuracy. Dependable
low-cost solution to close tolerance requirements. Both Types BT and BW resistors are
available in matched pairs. Tolerances from
+ 5% to + 1% can be furnished.
(Fully described in Catalog RB-3.)

INSULATED CHOKES
Ideal for TV and similar circuits. Wide range
of size and characteristic combinations permit
accurate specification to individual requirements. Types CLA and CL- 1 Chokes are fully
insulated in molded phenolic housings— protected from high humidity, abrasion, physical
damage or shorting to chassis.
(Completely described in Catalog RDC7.)

IRC RESIST-O-GUIDE
7171—
Resist -Oeuide
MIX)

New aid in easy resistor range identification. Turn 3 wheels
to correspond with color code on resistors and standard RMA
Range is automatically indicated. 15c at all IRC Distributors.
When ordering direct, send stamps or coin.
For full information on any of IRC's many resistor types, w:ite
today for catalog bulletins in which you are interested. Aso,
ask for the name of your IRC Distributor.
IMP
•

INTERNATIONAL RESISTANCE COMPANY

401 N. Broad Street
In

Canada:

International

Philadelphia 8, Pa.

Resliqance

Co.,

Ltd., Toronto,

Licensee
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NEW

r
f," EULLETIN— Write for Your Copy

New models . . . more detailed electrical and mechanical specifications
complete table of all standard single, ganged and polyphase VARIACS are described
in this profusely illustrated, complete VARIAC Bulletin, now ready for mailing.
We know you'll want acopy. Fill in and mail the coupon below.
SEND ME THE NM VARIAC

GENERAL RADIO Company
275

Massachusetts Avenue, Cambridg• 39, Mass.
90 West St. NEW YORK 6

BULLETIN

Name
61
Street

920 S. Michigan Ave. CHICAGO 5

woe. N. Seward St. LOS ANGELES 38
City
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AMPHENOL
ROTATOR
AND 6 METZ

THE

"Auto-Dial" is the Rotator for VHF! Conservative in price and size yet rugged enough for
amateur use.
Hams

will

appreciate

the

fast,

automatic

Rotator housing is cold- rolled
steel, copper flashed for durability_ Baked- on enamel
finish. Weighs just
6 ibs.

action. No buttons or switches to hold while
array rotates. Just turn knob to desired direction and continue QS0. Antenna rotates in one
direction

to

exact

number

of

degrees

and

stops! No coasting, no backlash!
UNUSUAL FEATURES OF " AUTO-DIAL"
• Slip- ring contacts of coin- silver— no line unbalance,
no twisted feed- lines!
• Antenna rotates rapidly— only 22 seconds for complete revolution!
• Rotation in steps of 6degrees permits exact orientation— accurate antenna field strength measurements!
• lifetime lubricated! Sealed against dirt and
moisture!
• Heavy Duty Motor!
• I
nline mast mounting.Takes mast sizes 1" to 11/
2"0.D.

Ingenious control unit shows at
a glance direction the array is
beamed.

fietema—

AMPHENOL
RF CONNECTORS
Unsurpassed for mechanical design and electrical efficiency.
Provide lowest loss continuity in
critical RF circuits with Pttle or no
impedance change or increase in
standing wave ratio.
Wide variety of AMPHENOL
RF Connectors available includes
Plugs, Jacks, Receptacles, Adapters, etc. High and low voltage
types, various impedances, many
weatherproof or pressurized. All
AMPHENOL connectors meet
rigid government specifications.

AMPHENOL
COAX AND TW1NAX
Produced to standards surpassing
military specifications for electrical performance, mechanical
excellence.
Use of AMPHENOL coax is a
great step toward elimination of
TVI!
Most AMPHENOL RG cables
have polyethylene die:ectric for
low loss, flexibility, mechanical
stability. Certain AMPHENOL
cables utilize TEFLON and withstand temperatures as high as
500 ° F.
AMPHENOL can supply coax
and Twinax in a large number of
types.

110

To make connection, unscrew coupling ring from one cable
end, shp it back over cable.

mimummergieemsta
You now have male and female cable ends. Screw the remaining ring on to the ringless end...

,„= „
er e-eirsi
-

-

...tighten coupling ring. Contact is made, the junction is
completed without loss of time or effort.

AMPHENOL MICROPHONE CONNECTORS
AMPHENOL manufactures an extensive line of connectors to fit practically all makes of microphones.
The 75-MC1F Microphone Connectors, illustrated
above, function as either male or female fitting so
that in use a mating connection is always ready for
instant application.
Distinctively styled, AMPHENOL'S 75-MC1F, single
contact, shielded cable type microphone connectors
are made of chrome plated, machined brass. Will
accommodate cables up to ,/
4" diameter.
The 75 Series connectors include Jacks, Plugs, Receptacles, " Mike" Switches, etc. See them at your
dealer.
The 80 Series, single and double contact connectors are designed for shielded cables and have
many uses in both audio and RF circuits. Obtainable
as male or female cable connectors or chassis units.
The 91 Series includes both three and four contact
connectors, polarized to prevent incorrect insertion.
Procurable as plugs, cable jacks and chassis recep•
tacles. either male or female types.

AMERICAN PHE4OLIC CORPORATION • 1830 SO. 5fth AYE, CHICAGO 50, ILLINOI;

INDUSTRIAL TUBE SOCKETS

*

Peak performance — utmost dependability! These sockets have
1
Strugged insulating barriers, reep
movable contacts, RMA numbered reversible screw type
terminals to simplify wiring
and permit use of wiring harness and terminal lug connections. Illustrated is 14E103 of molded Melamine. Other models such as barrier
type high voltage sockets, barrier type miniature
7-pin sockets, stair type sockets for jumbo tubes,
high voltage mounting plate type sockets and stilt
type tube sockets are also procurable in Melamine.
Steatite and high grade phenolics.
ft‘,

'
xi'
.i1111 elP
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PATENTED " CLOVER LEAF" CONTACTS
ON ALL AMPHENOL INDUSTRIAL SOCKETS
The "Clover Leaf" contact provides four full
lines of contact along each tube pin, assuring
a high degree of rententivity with a contact resistance considerably
less than .002 ohms.
Contacts plated to
resist corrosion.

AMPHENOL MIP
Unequalled in strength, versatility and appearance. Steel
mounting plate molded into
bakelite body. Available in
black bakelite or mica- filled
bakelite in wide variety of contact arrangements. Compact MIP
sockets also obtainable for 8 pin
Octal and Loktal tubes.

4

1'

AMPHENOL " S" SOCKETS AND " CP" PLUGS
MINIATURE
7 & 9 PIN
SOCKETS

Combine the convenience of AMPHENOL Retainer Ring design with the inherent high quality of AMPHENOL Steatite.
Mount without screws or rivets, withstand extremely high temperatures. Silver-plated phosphor
bronze contacts. Also available in black bakelite
or mica- filled bakelite.

AMPHENOL STEATITE
Available for every application. Materials used are
finest available, include
black bakelite, mica-filled
bakelite, AMPHENOL
Steatite
and
AMPHENOL'S own
Ethylon - A with its
high " Q" factor and
low-loss properties.
Also Zip-In sockets
for high speed
production.
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AMPHENOL manufactures a comprehensive line of
tube sockets made of AMPHENOL Steatite. Suited for
applications where low- loss and highest degree of
efficiency are required.
Positive moisture resistance is assured through vacuum
impregnation with Dow-Corning # 200.

COMPLETE CABLE HARNESSES
AND ASSEMBLIES AVAILABLE!
AMPHENOL produces complex
wired assemblies and harnesses
involving many components as
one quality unit—reducing pro-

N»

curement, production planning, inventory control and component
inspection costs.

\
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AMPHENOL " AN" CONNECTORS
For Power, Signal and Control Circuits in Aircraft and Electronic
Equipment
AMPHENOL leads the industry in the manufacture of
"AN" connectors to meet government specifications
under MIL-C-5015.
Available in many shell styles, AMPHENOL " AN"
connectors feature many improvements worked out
by AMPHENOL engineers in cooperation with government engineers.
Included among these superior features are:
• Lowest milivolt drop.
• Coupling rings machined from solid aluminum bar
stock. Extra high tensile strength ( 53,000 pounds).
• AMPHENOL non- rotating contacts for easy, fast
soldering.
• Coupling rings and assembly screws drilled for
safety wiring.
• Simple assembly, no special tools required.

In AMPHENOL'S Catalog 74 will be
found the most complete listing of " AN"
connectors available from a single manufacturer under Specification MIL-C5015. All inserts and shell types available from regular AMPHENOL production.

HEAVY DUTY RADIO CONNECTORS
Compact, lightweight, used extensively for connecting various units of transmitters and testing
apparatus and as power connectors for mobile
transmitters and receivers. Completely encased in
heavy drawn brass cadmium plated shell. Entirely free of shock hazard— will not radiate RF.
Polarized shell permits 4 different element positions for added circuit protection. Plugs, jacks
and receptacles available in 4, 5, 6, 8 and
12 contacts.
"See Catalog 8.2 for complete
description and listing of these
and other AMPHENOL products'

RACK AND PANEL CONNECTORS
26 SERIES
Connectors obtainable with 11, 15 and
20 contacts. All have eyelets inserted in
mounting holes for added strength, holes
for wiring, and interlocking barriers
to prevent accidental shorting. Can be
supplied with or withow protective can and
cable clamp as shown. Voltage rating 500
volts, 60 CPS at sea level. Mounting screw
spacing on 11 contact, . 864; on 15 contact,
1.188; on 20 contact, 1.620.

RELAY PLUGS
157 SERIES

Until the 157 Series was perfected, there were
no rubber sealed connectors for sealed relays
which could meet rigid MIL- C-5015 specifications. Tests show the 157 Series exceeds requirements, have NO measurable leakage rate during
and after temperature cycling. Inserts employing
the new AMPHENOL 1-501 thermosetting plastic
dielectric for the front and rear with high quality
resilient dielectric sandwiched between to provide
required seal. Pressure seal maintained indefinitely.
157 Series available in standard " AN" insert arrangements, mate with conventional AN- 3102 receptacles. Obtainable in Hex nut and solder types.

AMERICAN PHENOLIC CORPORATION
1830 50. 54th AVE., CHICAGO 50, KLINOIS

Alamo Your Power.
Milp

Phone, 15 watts—CW, 17 watts

Phone, 27 watts—CW, 40 watts

Phone, 60 watts—:119, 75 wat

i

RCA- 5763 Miniature Beam Power
Tube: An RCA-6AK6
will drive it to full
input of 17 watts cw,
15 watts phone, up
to 175 Mc, with lowcost 300- volt power
Supply. Can be
modulated with RCA6AQ5's, class AB,

RCA-2E26 Beam Power
Tube: With an RCA-6AG7
driver and a pair of
RCA-616's as modulators,
the 2E26 will handle a
full 40- watts input on cw,
and 27 watts on phone,
up to 125 Mc ... or 150
Mc at reduced input.

RCA-6146 Beam
Power Tube: This
compact, efficient,
new tube takes an
input of 90 watts on
cw, and 67.5 watts
on phone up to 60 Mc.
At 150 Mc it will still
take an input of 65
watts on cw, and over
48 watts on phone.

RCA-829-B Twin Beam
Power Tube: Ideal for
the VHF bands, this tube
con be operated at full
ratings up to 200 Mc with
an RCA- 2E26 driver and
two RCA- 807's used as
a class B modulator.

Millingraretne, 260 watts — CW, 345 watts

RCA 4-65A Tetrode:
To obtain high power
with low grid drive,
drive the 4-65A to
full input with an
RCA-6AG7, and modulate with a pair of
RCA-811A's in class
B. Takes input of 345
watts cw, 260 watts
phone, up to 50 Mc.

Phone, 500 watts — CW, 750 watts
11
RCA- 810 Power
Triode: An RCA- 807
will drive this tube to
a full 750 watts input
on cw and 500 watts
on phone. Can be
operated at full ratings up to 30 Mc. Can
be modulated with
a pair of RCA-811A's
operated class B.

RCA- 807 Beam Powe
Tube: You can drive ti
807 with an RCA-6AG7
modulate it with RCA 61.6's in class Atl i,and
obtain 75- watts input c
cw and 60 watts on
phone with a low volta
power supply. Full
ratings to 60 Mc.

11.

Phone, 375 watts—CW, 500 watts

RCA 4-125A/4D2I
Tetrode: Takes inputs of
500 watts on cw, 375
watts on phone up to
120 Mc. Easily driven by
single RCA-2E26, and
modulated by a pair of
RCA-811A's operated
class B.

ji

1000 watts

RCA- 833-A Power
Triode: "King of the
finals"—this tube loafs
along at o kilowatt input
on cw and phone. Can be
driven with on RCA 812- A and modulated
with a pair of RCA- 810's
operated class B.

RCA 81I- A and 812-4
High-Perveance
Triodes: A single RCA
812-A take ,
,inputs of 2
watts on cw and 175
watts on phone, and is
easily driven by a sing
RCA- 2E26. A pair of RC
811A's in class B will
modulate an RCA 4-65,
4-125A, 813, or 810.

IFl

Phone, 400 watts—CW, 500 w

RCA- 813 Beam Power
Tube: A higi-power
favorite. Operates efficiently over c wide range
of plate voltages. 500
watts input an cw
400 watts on phone. An
RCA- 2E26 will drive it at
full ratings up to 60 Mc.

Phone, SOO watts— CPC 1000 we!

RCA 4-250A/5D22
Tetrode: A single RCA
4-250A will handle a
kilowatt input on cw. A
pair will take a kilowatt
input on phone. A single
RCA 4-250A requires only
2 to 3 watts criving
power. Full input up to
85 Mc.

and there's adependable
RCA tube for it 1111.1111MMIr'll
RCA Specialized Tubes
for Commercial and

RCA

Industrial Applications
has the most complete line of trans-

mitting and receiving type tubes in the

• Cold-Cathode Types

amateur field. No matter what type of

• Cathode- Ray Tubes

equipment you are planning, you will find
RCA tube types to meet your needs efficiently and economically.

• Gas & Vacuum Phototubes
• High Power RF Types
• Ignitrons
• Klystrons

RCA has a popular tube for every amateur service, every power, and every band.
To get maximum power, performance, and

• Low-Microphonic Types
• Magnetrons
• Multiplier Phototubes
• " Special Red" Tubes

life from the tubes you use, buy RCA tubes

• Thyratrons

from your local RCA Tube Distributor.

• Transducer Tube

For technical data on specific tube types,

see your local RCA Tube Distributor, or

• TV Camera Tubes
• UHF " Pencil" Triodes
• Vacuum & Gas Rectifier Tubes

write RCA, Commercial Engineering, Sec-

• Vacuum-Gauge Tubes

tion M35A, Harrison, N. J.

• Voltage Regulator Tubes
For information on specialized
types, write

Engineering,

Don't miss RCA HAM TIPS. It's published bi-monthly, and distributed
free through your local RCA Tube
Distributor.

/IOW
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RADIO
ELECTRON

ewer Rectifier

\ RCA-5R4GY Full- Wave
I Vacuum Rectifier: For
low- voltage power supplies. A single RCA-5R4GY
in a full- wave circuit
with choke input will deliver 175 ma at 7.50 volts.

RCA, Commercial
Section

II»

735A,

Harrison, New Jersey.

CORPORATION of AMERICA
HARRISON, N.J.

TUBES

Medium- Power Rafler

RCA-81 6 MercuryVapor Rectifier: For
medium- voltage power
supplies. Two RCA- 816's
in a full- wave circuit
with choke input will supply 250 ma at 2380 volts.

KtPower Rectifier

RCA- 866A MercuryVapor Rectifier: For
high- voltage power supplies. Two RCA-866A's
in a full- wave circuit
with choke input will
deliver 500 ma at
3180 volts.
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Yes, say hams the world over it's

CORNELL,
DUBILIER

CAPACITORS • VIERATORS • ROTATORS • ANTENNAS • CONVERTERS
for dependable service in all radio and TV applications
Whenever hams CQ, Cornell-Dubilier gets the recommendations on dependable
capacitors; rotator, TV, FM and AM antennas; power converters and vibrators. For
the most for your money look for the C- D quality trade-mark on these components.
Cornell-Dubilier Electric Corporation, Dept. AH61, South Plainfield, N. J. Other
plants in New Bedford, Cambridge and Worcester, Mass.; Providence, R. I., Indianapolis, Ind.; Fuquay Springs, N. C., and subsidiary, The Radiart Corp., Cleveland, O.

CORNELL-DUBILIER CAPACITORS
Cornell-Dubilier Paper, Mica, Dykanol and Electrolytic Capacitors for every conceivable application. For
over forty years the capacitor line most in demand.
Send for Catalog No. 200B for full description.

CORNELL-DUBILIER
"SKYHAWK"

ROTATORS

Rotators that will handle 10 meter and 20
meter beam antennas. Ruggedly constructed,
these weatherproof rotators will fit masts up
to 2 inches O.D. Furnished with most accurate compass indicator control device available. Also FM, AM and TV antennas of all
types, shapes and sizes.

CORNELL- DUBILIER

VI3RATORS

Both heavy duty and automobile radio vibrators have now
been added to the famous C-D bannerhead. For the finest
engineering in vibrators — for quiet, stable long- life insist on
C- D vibrators. Catalog No. VA of standard stock vibrators
on request.

CORNELL-DUBILIER
POWERCON CONVERTERS
C-13 Powercons are honestly rated for dependable
trouble-free long life. A complete line for conversion
to 110 volts AC from 6, 32 or 110 volts DC; converters for operating phonoturntables from 110
VDC; battery chargers for 6and 12 volt DC output
from 110 VAC and converters for conversion of DC
voltage at one level to DC at another. Powercon
catalog on request.

COMPONENTS FOR EVERY APPLICATION

LINEAR STANDARD
Hi ghFidelity Ideal

HIPERM ALLOY
High Fidelity ..
Compact

ULTRA COMPACT
Portable . . Hi gh Fidelity

OUNCER
Wide Ronge . . . Iounce

COMMERCIAL GRADE
undoer;o1 Dependability

SPECIAL SERIES
'Duality for the " Horn -

POWER COMPONENTS
Rugged . . . Dependable

VARITRAN
Va'toge Adjustors

MODULATION UNITS
One watt to 100KW

VARIABLE INDUCTOR
Adjust like a Trimmer

TOROID HIGH 0 COILS
Accuracy . . . Stability

TOROID EILTERS
Any type to 300KC

MU-CORE FILTERS
Any type 1
2
/
— 10,000 cyc.

EQUALIZERS
Broadcast & Sound

SUB OUNCER
Wei ght y, ounce

11
H

PULSE TRANSFORMERS
For all Services

VERTICAL SHELLS
... Inexpensive

SATURABLE REACTORS
Power or Phase Control

LARGE UNITS
lo '
OOKW Broadcast

PLUG-IN TYPE
Quit kchange service

REPLACEMENT
Universal Mounting

STEP-DOWN
Up to 2500W
Stock

LINE ADJUSTORS
Match any line voltage

Y.

EXPORT DIVISI01. 13 EAST 40th STRE

K 16. N Y.,

CABLES, .. 11PLA8-

CABLE TYPE
For mike cable

line

CHANNEL FRAME
Simple
Low cost

J

B&W was the first to develop and
manufacture the air wound type inductor, amodern type of coil that sets
astandard of design and construction
throughout the industry.
Pioneers in many new types of coils,
B&W was the first to manufacture a
complete line of coils for amateur use.
First in the development of variable
links, B&W now offers " plug-in" variable links for greater flexibility.

Among the many other B&W firsts
in the electronic field are: transmitting
turret assemblies, coil-variable condenser combinations, miniature air
wound coils and the latest development, the Faraday Shielded Link.
Sixteen years of unchallenged leadership provides an assurance that, regardless of the application, B&W has
a coil to fit the need . . . and you can
depend on them.
SEE
NEXT PAGE

BARKER Ek WILLIAMSON, Inc.
237 Fairfield Ave., Upper Darby, Pa.
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B & W BAND SWITCHING TURRETS
Pioneered by B & Jr— These compact 5- band
switching Turrets are available from 35- watt
ratings up through units that may be operated
at voltages up to 1000 volts and input powers
as high as 150 watts. They provide instant band
switching, covering the 80 to 10 meter bands,
and are regularly stocked as center- linked,
center- tapped coils or end- linked, untapped.

B&W LOW-PASS FILTERS
... Solve TV Interference Problems
Used in conjunction with the B&W Faraday
Shielded Link, B&W Low- Pass Filters are highly effective in reducing Television interference
caused by Amateur Transmissions. While the
Faraday Link effectively reduces capacity
coupled harmonic and spurious signal radiations, the Low- Pass Filter, consisting of two
"M" derived end sections and three midsections
of the constant " K" type, attenuate all frequencies above 30 megacycles 75 db or more
throughout the entire TV band. Write for a
copy of " Filter- Facts" priced at 15 cents for details on how to lick your TVI.

B & W COAXIAL CONNECTOR CC- 50
Provides efficient, watertight coaxial cable
connections for amateur and commercial use.
Also serves as a center insulator. Made of
aluminum with steatite insulation, this unit
comes complete with weatherproof cement and
assembly screws. Weight 12 oz., pull strength
500 lbs.

B&W HEAVY-DUTY VARIABLE CAPACITORS
Type CX is a radically designed split stator,
butterfly rotor variable capacitor that permits
mounting the tank coil assembly directly on the
capacitor frame as illustrated. Opposed stator
sections provide short R- F paths desirable in
high power rigs. Built-in neutralizing capacitors are provided for, on rear end plate.

B & W PLUG-IN LINKS
For impedance matching, just plug in the proper link. These new B & W plug-in links make
your rig adaptable to practically any impedance as quickly as you can plug in alink with
the correct number of turns. Type 3750 mounting bar for HDV coils, Type 3550 for TVHTVL-BVL coils. Links available in 1-3-6 and
10 turns.

BARKER & WILLIAMSON, Inc.

QUIPMENT
in addition to the B & W
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PIONEERED,

DESIGNE D

AND BUILT

FO R

EXACTING ELECTRONICER
ENGINEERS AND EXPERIMENTS

products

shown here, there are dozens of others in

11
,

our general catalog. All are made under
the direct supervision of men who know
amateur

radio

requirements

personally.

And all are produced to the high quality

ei

6

t
i

.;#

and, design standards that are characteristic of B & W equipment.

(irt
Adt
I
L

B & W BUTTERFLY VARIABLE CAPACITOR
Compactness and symmetry make these B & W JCX
Variable Capacitors an outstanding favorite. Heavy
rounded edge plates permit ratings to 2500 volts D.C.
unmodulated and 1500 volts D.C. in modulated final
amplifier circuits. They may be used as a capacitor.
inductor assembly with any B & W "B" or " BX" inductors including the fixed or variable link types. Voltage
rating measured at 30 megacycles.

B&W ALL- BAND FREQUENCY MULTIPLIER
Model 504—A fixed-tuned, 80- to 10- meter broadband frequency multiplier designed for use with
either aV.F.O. or Crystal input. Makes transmission
on any band available at the flip of a switch. Ideal
as abasic unit for your new rig.

00040
,

•

60

B & W " BABY" AIR INDUCTORS
25 Watts Rating— Ideal for crowded layouts,
portables and any other application where
space is at a premium and high efficiency a
"must." Many other types and sizes available. All offer famous B & W " air wound"
construction.

B & W TEST INSTRUMENTS
Accurate — Inexpensive—Reliable
OSCILLATOR— Mode/ 200—An extremely low distortion source of frequencies
between 30 and 30,000 cycles.
AUDIO

METER— Model 400— Measures total harmonic distortion for the range of
50 to 15,000 cycles.
DISTORTION

WAVE CLIPPER— Model 250— Provides
test signal particularly useful in examining the
phase angle, transient and frequency response
of audio circuits.
SINE

METER— Model 300— An
accurate and convenient means of making direct
measurements of unknown audio frequencies
up to 30,000 cycles.
FREQUENCY

Get this Handy Catalog
for full details on induc-

WRITE FOR COMPLETE B & W INSTRUMENT CATALOG!

to rs,

variable capacitors
barn
and accessories every
needs for bis rig.
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FAIRFIELD

AVE.,

UPPER

DARBY,

PA.

WORLD RADIO LABS, INC.
744 Broadway
Council Bluffs, lowa
WAITKUS SUPPLY CO.
Bellingham, Wash.
RADIO PRODUCTS SALES CO.
I237- 16th St.
Denver, Colo.
1214- 1st Ave.
Seattle, Wash.
VALLEY RADIO DUST.
Appleton, Wis.
RADIO SUPPLY, INC.
724 North Hudson
Oklahoma City, Okla.
RADIO, INC.
1000 So. Main
Tulsa, Okla.
HENRY RADIO STORES
211 No. Main St.
Butler 1, Mo.
11 240 W. Olympic Blvd.
Los Angeles 25, Calif.
OFFENBACH at REIMUS
CO.
1564 Market St.
San Francisco 2, Calif.
SCOTT RADIO SUPPLY
Alamitos Ave.
Long Beach 2, Calif.
RADIO PRODUCTS SALES
1501 South Hill
Los Angeles 15, Calif.
VALLEY ELECTRONIC SUPPLY
1302 West Magnolia St.
Burbank, Calif.
KIERULFF & COMPANY
820 W. Olympic Blvd.
Los Angeles 15, Calif.
WALTER ASHE RADIO CO.
1125 Pine St.
St. Louis 1, Missouri
WESTERN DISTRIBUTORS
227 No. Santa Fe
Salina, Kansas
RADIO PARTS CO., INC.
538 W. State St.
Milwaukee 3, Wis.
THE ELECTRONIC

YOUR
FAVORITE
DISTRIBUTORS
OF ELDICO'S
AMATEUR
PRODUCTS ARE .

EQUIPMENT CO.
917-19 Florence St.
Fort Worth 3, Texas
R. C. & L. F. HALL
Beaumont, Texas
Galveston, Texas
Houston, Texas

YOUR FREE
COPY
CATALOG

'
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Limo
OF NEW YORK
INCORPORATro

THE COMPLETE LINE D
TRANSMITTERS. RECEIVER
TVI FILTERS, ETC....
AND NOW

THE " PRIVATE TUTOR" COURSES
FOR ALL AMATEUR LICENSES

AT YOUR"

DEALER

1 DOUGLASTON P'KWAY

DOUGLASiON, N. Y

THE RADIO CENTER
62 Craig St. West
Montreal, Canada

THE CRAWFORD RADIO
King Wrn. & Hughssn
Hamilton, Ontario, Canada
ALLIED RADIO CORP.
833 W. Jackson Blvd.
Chicago 7, III.

NEWARK ELECPRIC CO.
323 W. Madison St.
Chicago -6,
ATRONIC CORP.
1253 Loyola Ave.
Chicago 26,111.
HATRY & YOUNG
Z52 Lowell St.
liwrence, Mass.
4246 Cornhill
Boston 8, Mass.
428 Bonk St.
F-ew London, Conn.
159 Spring St.
Saringfield, Moss.
RADIO SHACK CORP.
167 V.ashington St
Boston Moss
W. H. EDWARDS CO.
94 Br« odway
Provie -nce, R. I.
EVAN I RADIO
P.O. i3. ,x 312
Conco,d, N. H.
HARRISON RADIO CORP.
225 C.,-eenwich St.
(10 W Broadway)
New York 7, N. Vs
Jarnai o Branch
172-21 Hillside Ave.
Jomai a, L. I., N. Y.
MARV:Y RADIO CO., INC.
103 V.. 43rd St.
New `isrk 18, N. Y.
FORT ORANGE RADIO
DISTR BUTING CO., INC.
904 8 Dadway
Alban 7, N. Y.
ALLEN a HURLEY
23 So. Warren St.
Trento , N. J.
ALMO RADIO CO.
509 Arch St.
Philadelphia 6, Pa.
CAME IADIO
963 L: oerty Ave.
Pittsburgh 22, Pa.
RADIC ELECTRIC SERVICE
CO. CF PENNA., INC.
701 Ath St.
Philad• 1phio, Pa.
1042 Hamilton St.
Allentown, Pa.
916 N..rtharnpton St,
Easton Pa.
3rd & ratnall Sts.
Wilmington, Del.
FEDERATED PURCHASER, INC.
701 Nc. Hampton St.
Easton, Pa.
911 Sc Grand Ave.
Los Angeles 15, Calif.
1115 S. Hamilton St.
Allentoren, Pa.
114 Hudson St.
Newor:, N. J.
GEORGE B. BARBET CO.
2nd 8. 10 Sts.
Reading, Pa.

ELDICC is represeeted by leading distributors in the U. S.,
its possessions and Canada, where you can see what you get. You can see for
yourself tne amazing values offered in these days of high prices. Eldico is an
organization of Hams, with fie Horns

viewpo nt uppermost in all their designs.

Eld ,co's aznateur products are designed by engineers who ore
actually tested on the air before they

Hams; they ore

re even considered for inclusion in the

Eld co line.
Eldico amateur products are offered in kit form to enable the Ham to have
the best cr• the lowest possible price. Yoe, save The high cost of labor by doing the
wiring and assembly, yet you are assured the 9nest in design and proper placemelt of components in

accordance

with

best engineering practices. You

build

with conf dance when you by Eldico. Write fer your free catalog, or better yet,
drop into your favorite distributor and get Catalog ' 51. See 051 each month for
current Elcilico Products.

ACK RADIO SUPPLY CO.
2205-2,d Ave. No.
Birminc!horn 3, Ala,
BLUFF CITY DISTRIBUTING
CO.
905 Ur ion St.
Memp 1
-is 3, Tenn.
RADIO EQUIPMENT CO.
480 Swain St.
Lesing -on, Ky.
RADIO AMATEUR CENTER
411 H Ilsboro St.
Raleig
No. Car.
RADIO EQUIPMENT CO.
821 N.. 21st St.
Norfol 10, Vo.
RADIO PARTS, INC.
807 Howard Ave.
New ( Means, La.

by buying G-Etubes!

OUR

Ytor is more than just a
G- E tube distribu-

nearby source for tubes of all
types. He serves as your local
ham headquarters— ready to
assist you with his counsel,
glad to turn over to you free
the latest copy of Ham News,
pleased to put you in touch
with other amateurs. Supporting him is Lighthouse
PERS014pmzED HELP

Larry, G.E.'s ace ham, who
answers your technical inquiries. Increase your enjoyment of amateur radio by getting to know this friendly,
competent G-E team!
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your complete supply source for
amateur station supplies

industrial electronic equipment
WORLD'S LARGEST STOCKS • ALL THE LATEST EQUIPMENT
Depend on ALLIED— your one source supply— to bring you the
products of each and every one of the dependable manufacturers represented in the Handbook. We carry the world's
largest stocks of Amateur station supplies— and, of course, we
can supply all the components you'll need to build any circuit
described in this or in any other publication. You can depend
on ALLIED to give you every buying advantage: money- saving
values, complete lines of top- grade equipment, fast shipment,
easiest- pay terms, unbeatable trade-ins. 15-day trial on communications receivers— and real help from our staff of oldtime Hams. You'll find it pays to be "equipped by ALLIED."

FREE 212- PAGE BUYING GUIDE
You'll find everything you need in this latest
212- page
station

ALLIED

supplies

Catalog— not

you

want,

only

but the

all the
world's

largest selection of industrial electronic equipment, special tubes, test instruments, recording

and

high-fidelity

audio

equipment,

re-

KEEP IT
HANDY

placement parts— all at lowest, money- saying
prices.
your

Get

and

dependable

use

the

ALLIED

one- source

Catalog —

Buying

Guide.

ALLIED RADIO
833 W. JACKSON BLVD., CHICAGO 7, ILL.
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your complete
supply source for
amateur & industrial tubes,
test instruments, parts

812-A

833-A

5763

WV- 77A
Junior
Volt0hrnyst
$47.50

WV- 97A
Senior
VollOhmest
$67.50

4-65A

Amateur & Industrial Tubes

Precision Test Instruments

maintains in constant stock
for quick shipment, the world's largest distributor inventory of RCA
special-purpose tubes for Amateur,
industrial, broadcast, governmental and other uses. Phone, wire
or write— we ship from stock to you
within hours after we receive your
order. Save time, effort and money
—fill all your RCA tube needs at
ALLIED— your complete, dependable
electronic supply source.

Order your RCA lab measurement
instruments from our extensive stocks.
We can supply promptly all RCA test
and measurement equipment, including
the following:
WO- 56A 7" Oscilloscope $ 217.50
WO- 57B 3" Oscilloscope
145.00
WR-39C TV Marker Generator 242.50
WR-59B TV Sweep Generator. 274.50
162-C Rider Chanalyst
162.50

ALLIED

Prices subject to change

We are also leading suppliers of RCA parts components, speakers
and batteries. Simplify and speed your purchases— send us your
consolidated orders for all RCA equipment— have the advantages of quick, expert shipment from the world's largest stocks
of Electronic equipment for Amateur and Industrial use.

FREE 212- PAGE BUYING GUIDE
Write for your FREE copy of the latest ALLIED
Catalog— the only complete Buying Guide for
all Amateur and Industrial Electronic Equipment. Lists the newest developments— includes
all the RCA equipment you need. Get your
212- page ALLIED Catalog today ...

ALLIED RADIO
833 W. JACKSON BLVD., CHICAGO 7, ILL.
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ALLIED

your complete
supply source for
famous quality
precision receivers

97-751. HRO-50-T1 Receiver, 1383.57
97.721. Speaker for above..
510.09

WE STOCK ALL NATIONAL MODELS
Look to ALLIED for quick, eiqoert service on all NATIONAL Receivers.
Take advantage of our easiest-pay
terms ( all National equipment
amounting to $45 or more available
on easy terms) and 15-day trial. We
can supply all of the following models:
97-662.
97-663.
97-632.
97-763.
97-711.
97-724.

NC- 183 Receiver....$279.00
Speaker for NC-83..
16.00
HFS Rec.-Conv..... 142.00
AC supply for HFS..
22.43
SW-54 Receiver.....
49.95
Select-O-Ject
28.75

NATIONAL power supplies, coils
and NBFM adapters also available.
Prices subject
to change

97-727. NC- 125 Receiver, $119.50
97.128. Speaker for abore.•$11.00

Order your National Communications Receivers from ALLIED. For
complete descriptions, see the National section in this Handbook. Get
every buying advantage at ALLIED—
complete selections—quick delivery
—easiest terms- 15-day trial—expert, dependable service from
ALLIED's staff of experienced Amateurs. Choose National— the worldrenowned name for rugged, superior
communications performance—and
get your National receiver and
accessories at ALLIED.

FREE 212- PAGE BUYING GUIDE
Write for your FREE copy of the latest ALLIED
Catalog— the only complete Amateur Buying
Guide. Lists all the newest developments, including

complete

selections

of

all

National

equipment. Be sure to get and use your 212page ALLIED Catalog.

ALLIED RADIO
833 W. JACKSON BLVD., CHICAGO 7, ILL.
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your complete
supply source for
El HARVEY-WELLS

versatile, high-quality
transmitters

Deluxe Transmitter. A complete 50- watt
phone-CW transmitter with instant bandswitching 80 through 2 meters ( 8 bands). Includes new
crystal-oscillator-vfo switching circuit. Tubes: 6AQ5
ose., 6AQ5 mult., 807 final. Speech amplifier for
crystal mike uses 2-6AU6, 1-12AU7 phase inv.,
2-6L6 mod. Requires APS-50 or DPS-50 power
supply below. Size, 8 x 12 x 8". Complete with
tubes, less crystal and mike. Shpg. wt., 20 lbs.
97-792. Bandmaster DeLuxe Transmitter $137.50
Bandmaster Senior Transmitter. 50- watt phone-CW as
above, but modulator does not have high-gain
speech amplifier. For use with single- button carbon mike. Shpg. wt., 20 lbs.
97-791. Bandmaster Senior Transmitter . . . $111.50
APS-50 AC Power Pack. For use with above transmitters. Delivers 425 v. at 275 ma., and 6.3 v. at 4
amps. With 2-5U4G rect. For 110 v. A.C. 50-60
cycles. 11 x 64
7 x 8%". Shpg. wt., 27 lbs.
97-698. APS-50 AC Power Pack
$39.50
DPS50 Dynamotor. For portable operation of above
x-mitters, from 6 v. storage battery. Output: 300
v. at 250 ma. 10% x5% x54
7 ". Shpg. wt., 16 lbs.
97-697. DPS-50 Dynamotor
$87.50
Bandmaster

Prices subject
to change.

Look to ALLIED for quick, expert service on Harvey- Wells
equipment. Take advantage of our easy payment terms
and 15-day free trial. It pays to be "equipped by ALLIED."

FREE 212- PAGE BUYING GUIDE
Write for your FREE copy of the latest ALLIED
Catalog— the only complete Amateur Buying
Guide. Lists all the newest developments, including a complete selection of Harvey. Wells
equipment. Be sure to get and use your 212- page
ALLIED Catalog.

ALLIED RADIO
833 W. JACKSON BLVD., CHICAGO 7, ILL.
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your complete
supply source for
amateur and industrial transformers
the transformer line designed for today's Amateur circuits
Plate
Transformers
al.1.1 En has
them

— top

performers
conservatively designed
with ample
insulation throughout.
Operate with temperature
rise of 40° to 50° C at full
load, 60 cy. Pri. 115/230
volts, 50/60 cycles. Famous
Sealed- in- Steel construction assures long- life
dependable performance.
Prices subject
to change.

Mtr's
No.

Max. Pri.
VA

Secondary
A- C Load Volts

P-45

185

675-0-675
575-0-575

D- C Volts
after filler
400
500

D.0 Ma.
CCS 1CAS
250

325

P-67

250

900-0-900
735-0-735

750
600

250

325

13.9?

P-107

310

1150-0-1150
870-0-870

1000
750

250

350

32.34

P-1240

360

1425-0-1425'
600-0-600

1250
400

150
200

200
260

21.02

P-1512

550

1710-0-1710
1430-0-1430

1500
1250

300

425

42.04

P-2520

915

2820-0-2820
2260-0-2260

2500
2000

300

425

64.68

P-3025

1850

3450-0-3450
2850-0-2850

3000
2500

500

700

113.19

Net
Price
$11.64

'Both secondaries may be rectified simultaneously

LOOK TO ALLIED FOR THE COMPLETE LINE
We can supply all CHICAGO transformers for
Amateur applications — Plate, Filter Reactor, Filament, Audio and Modulation units. We stock the
entire famous "Sealed- in-Steel" New Equipment
Line, including Power, Bias, Filament, Filter, Plate,
Reactor, Audio ( in 3frequency ranges), MIL- T-27,
Modulation and other transformer types. You can
depend on ALLIED for quick, expert delivery of
CHICAGO preferred-quality transformers.

FREE 212- PAGE BUYING GUIDE
Write for your FREE copy of the latest ALLIED
Catalog— the

only complete Buying Guide for

all Amateur and Industrial Electronic Equipment. Features the world's largest stocks— includes the CHICAGO transformers you need.

KEEP IT
HANDY

Get your 212- page ALLIED Catalog now.

ALLIED RADIO
833 W. JACKSON BLVD., CHICAGO 7, ILL.
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IT'S EASIER TO BUY CENTRALAB
ELECTRONIC COMPONENTS
Because there's a Centralab Distributor Near You ... Ready to Deliver Essential Eleuronic Components. Over 700 Centralab Distributors Carry Centralab — America's Most Complete Lice of
Controls, Switches, Ceramic Capacitors and Printed Electronic Circuits.

CERAMIC CAPACITORS with a wide range of ratings and in miniature sizes meet the
exacting requirements of radio and !elevision cirruits. They offer high accuracy,
low power factor, space saving and the most delhable temperature and humidity
characteristics. This means freedom from service trouble not possible with older
style condensers.
•

*

NEW BLUE SHAFT VOLUME CONTROLS
available in all generally required sizes
. . . plain and switch types. Factoryassembled and tested ...ready to install.

POWER SWITCHES are specially designed
for transmitter, power stmply convertors
and other medium duty power applica
thins. Efficient up to 20 megacycles.

TC HI-KAPS temperature comceramic capacitors. TCZ
capacity change over mid(
temperature. TCN•s say . aaccording to temperatule.

4
7
444
,14

EYELET- MOUNTED FEEDTHROUGH
CERAMIC CAPACITORS
e exceptionally.
small. Capacities ran, - nl 2 to 3000
mmf.
Voltage rat,n
V.D.C.W.

ROTARY BAND SWITCH is used primarily
for band chance and general tap switch
applications. Made with Steatite or
plienolii. insulation.

These products are listed in
Catalog 27. Just tell us you
are a radio amateur — it
will be mailed at once.

TUBULAR
pensating
snow no
nave of
pacitance

niNTED ELECTRON,C CIRCUITS_
available, everything bum singli• value,
..apacitors and resi•tor plates to ccrn.
plete 3- stage speech amrlifiers.

LEVER, SPRING RETURN, TONE SWITCHES.
See your Centralab distributor far °urnrive details on these ..witches — and
te complete line of quality CRL parts.

ab
Division of GIOBE-UNION

100

940 E. Keefe Ave. Milwaukee 1, Wisconsin

Cent4ab

Centrolab offers the widest variety of ceramic capacitors on
the market today for all ranges
of

voltage and

CERAMIC
CAPACITORS

YeeeV,erenr,,,rer,> ,-:"

frequency -

Division of GLOBE- UNION INC.

for any application in circuitry.

934

East

Milwaukee

Keefe

Avenue

1, Wisconsin

Centralab introduced ceramic capacitors and has constantly devoted more research and larger laboratory and production
facilities to this field, than can be said of any other firm. Ceramics are known as the most permanent typeof capacitors.
BC 1.41-KAP TUBULARS

TYPE DD-SINGLE DISCS
Cap.
Dim. Thick.
MED. "
IDD-471
.00047
.156
1/4
DD- 80I
.0008
.156
DID- 102
.001
.156
DD- I52
.0015
.156
DD- 202
.002
.156
DID- 502
.005
.156
.01
.156
DD- 103
.02
DD- 203
.225
Cot.
No.

For bypass, coupling and general use.
Tolerance -4
20% through 2200 mmf.:
higher cap. Guaranteed Minimum Values
((MV). 85° C. plus operation. Tropicalized. I
000 volts d.c. test : 600 volts d.c.
working.
Minimum order quantity, 5.

Cat.
No.
D6-050
D6-100
D6-120
06.150
D6-180
D6-220
06.250
06-270
D6-330
06-390
06-470
06-500
D6-560
06.680
06-750
06-101
D6-121
D6-151
D6- 18I
D6-201
06-221

Cap.

MMF.
5
10
12
15
18
22
25
27
33
39
47
50
56

136-251

68
75
100
120
150
180
200
220
250

06-301
06-331

300
330

D6-271

06-391
06-401
06-471

D6-501
D6-561
06-601
06-681
D6-751

06-102

270

D6-402
06-472
1D 6-502

D6-562
D6-682
D6-103
Size
A
B
C

D

A

A
A
A
A
A

A

. 25

. 25
. 25
. 25
. 25
.
25
. 25
. 25
. 25
. 25
.
25
. 25

560
600
680

A
A
A
A

. 25
. 25
. 25
. 25

750

A

a

2.700
3,000

B
B
B
B
B
B
B
B

3.300
4,000

C

C

4.700
.
C
5000
C
5.600
D
6.800
D
10.000
D
Body Dimensions
Diam.
. 230"
. 230"
. 255"
.
310"

TYPE DD-2 - DUAL DISCS
DD- 2-102
2x.001
3
/
8
.156
DD•2-152
2x.0015
.156
.156
DID- 2-502
2x.005
5
/g

. 25
. 25

. 25

.
25
. 25

.
25
.
25
.
25
.
25
.
25
.
25

. 25

. 25

. 25

$.25
.25
.25
.25
.25
.25
.25
.45

TYPE DD-3* - SHIELDED DUAL DISCS
2x.001
3k
.225
.45
DO- 3-152
2x.0015
3
/
8
.225
.45
DO- 3-202
2x.002
.225
.45
DD- 3-502
2x.005
.225
.50
DO- 3-103
2x.01
5
/
8
.225
.50

TYPE DF FLAT- PLATE HI-KAPS*
DF 203
,
" thick
DF503
" N " thick
DE- 104
.
1
1"N ." Xj8 " thick

.60
.70
.80

NPO
NPO

50

7500

N750
N750
N750

TV2-501
TV3-501
TVI.502
TV2-502

TV3-502
TVI-503

500
500
500

V.D.C. Term.
Working
i0.000
10,000
10,000

500

20.000

500
500
500

20,000
20.000
30.000

A

B
C
A
B
C
A

$ 3.00
3.00
3.00

3.00
3.00

SMALL HIGH VOLTAGE UNITS

Cap. V.C.D.
MMF. Wkg.
10
20
40
5
10
20
3

Temp.
COEF.

5000
5000
5000
5000
5000

NPO
NPO
N750
NPO
NPO

5000

NPO

5000

List
Price
$ 3.00

3.00

3.00
3.00
3.00

N750

3.00
3.00

SWITCHES

20% + 50%.

Cap.
MMF.

7500
5000

List
Price

The three series which follow are exceedingly compact ceramic capacitors, similar
in appearance to type 850S above.
Mounting is with axial screw type
terminals, tapped 2-56.
Tolerance -110%. Sizes: 853, 1:1" diam. x 1/2 ". 854;
j, ;" diam. x
855,
diam. x

The accepted standard for filter and bypass applications in television high voltage rower supply. Body sizes - 501,
1" diam. x.
510". 502, 1" diam. x1.050".
503, 1.4" diam, x 1.250". Terminals: A
- plain studs. B- one slotted cli," wide x
,'“" deep, other tapped 6-32, 1
/ " deep.
4
C- screw terminals. male 6-32 x 1
/ ", fe4
male 6-32 x i/4 ". Capacity tolerance -

Cat.
No.

7500

75
100

850S- 100N

854A- 5Z
854A• IOZ
854A- 20N
855A- 3Z

List
Price
$1.75
1.75
1.75
2.25
2.25
2.25
4.50

TRANSMITTING CAPACITORS
HAM TYPE SWITCHES
Heavier than normal Steatite insulation.
Use with tubes operating up to 1000 volts
and inputs up to 150 watts. Non- shorting.
90° positive index. Mtg. bushing 3/
8"
x 32 thread. 3/
8 " long. Shaft, 1
7
/
8 " long.

. 25

Length

Type 851 ceramic capacitors are high voltage units, held to 71- 10% tolerance. Size
diam. a 1 ". End terminal plates
are center tapped 10-32.
Cat.

Fit narrow spaces. Tolerances GMV except Cat. No. DD- 2-502 is - 20% +
80%. 1000 d.c. test : 600 volts d.c. working. Min. order quantity, 5.

7500

850S- 50N
850S- 75N

853A-40N

. 25

DISC HI-KAPS

Wkg.

853A- 20Z

TV1-501

Temp.
COEF.

MMF.
25
50

Na.
853A- 10Z

TV H1-VO-KAPS

. 25
. 25

1.180°

Cop. V.C.D.

No.
slOS-75Z
850S- 50Z

Cat.

Packaged sing!).

. 25

.475"
. 750"
. 885"

Type 850S high voltage ceramic capacitors
are - 10% tolerance, in cases with centeredhex studs, one each end, projecting
tapped 6-32. 1
4 " deep.
/
Cat.

.40
.40
.45

DD- 3-102

.:.'

. 25

2.200
2.500

1D6-332

A
A
A
A
A

A
A

D6-222
06-252

06-272
D6-302

A
A
A

A

06-182
06-202

136-152

A
A
A
A
A
A
A
A
A
A

List
Price
. 25
S.25
. 25
. 25
. 25
. 25
. 25
. 25
. 25
. 25
.
25
.
25

4;)0
0

3
410)

1.4)00
1.200
1.500
1.800
2.000

D6-122

Size

List
Price

No.
851-25Z
851-50Z

851-100N

851-200N

Cap.

MMF.
25
50
100

200

Temp.
List
Wkg. COEF.
Price
15,000 NPO $ 10.00
15.000 NPO
10.00
15,000 N750
10.00
7,500 N750
10.00

V.D.C.

Co.

No.

2542
2543
2544
2545
2546

Poles
per
Sec.
1
1
1
1
1

Tot.
Sec.
1
2

3
4

Poil.
lions
2 to 4
2 to 4
2 to 4

2to 4

$2.25
3.50

4.75
6.00

7.25
SEPARATE STEATITE SECTIONS furnished with 4 fibre cushion washers.
CAT. No. XX 1 pole 2 to 4 positions
5

2 to 4

List
Price

Non- shorting $ 1.25.

See the Centralab Distributor in your neighborhood . .. over 700 in U. S. and Canada
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WORKSHOP
ANTENNAS
A

COMPLETE

LINE

FOR

HIGH- FREQUENCY

ALL

BANDS

AMATEUR — TELEVISION — FM — EMERGENCY
RADIO— MICROWAVE— STL — TV RELAY

Amateur 10- Meter Beam Antenna.

Government
RADAR

GUIDED MISSILE or ROCKET- BORNE

COMMUNICATION and NAVIGATION
The WORKSHOP pioneered antennas for the high- frequency spectrum, and today our complete line covers
all bands from 28 mc. up.

Workshop Amateur Antennas
2- Meter Beam Antenna — Model
146AB. High
gain — broad band 6- element array — 2 driven elements — rugged — withstands wind and ice.
6- Meter Beam Antenna — Model 52AB. 3- element
directional array — low standing wave ratio — rugged
— withstands high winds and ice.

Stundard
Parabol ic Relay Antenna
for
Stud io-to-Transm itter : ink
on
920-960 mc. band.

10- Meter Dipole Antenna — Model 29AD. Covers
27-30 mc. band — fully adjustable element length —
ruggedly built to withstand high winds and ice.
10- Meter
Dipole- to- Beam
Conversion
Model 29B. Converts the Workshop Model
a 3- element 10- meter beam antenna.

Kit —
29AD to

10- Meter Complete 3- Element Beam Antenna —
Model
29. Complete band coverage — adjustable
element length and spacing — rugged construction.
6- Meter 6- Element Array — Model 52AB-2. High
gain — broad band coverage — choice of polarization — ruggedly built to withstand wind and ice.
6- Element " Dual- Ten" Beam Antenna — Model
29X. Ultimate in high- gain 10- meter beam, broad
band characteristics — optimum directional pattern.

WORKSHOP DUBL-VEE Television
Antenna, double stacked.

All WORKSHOP antennas (except government) are
available through radio distributors.
Engineering and Contract Service. The WORKSHOP handles scores of special government and commercial antenna problems every year from design
through production. With our new plant and facilities,
we can handle more than ever before.
Leff — High- Gain Beacon Antenna. Recommended by all 152-162 mc.
equipment manufacturers. Hundreds are in use throughout the country.

The

WORKSHOP ASSOCIATES
DIVISION OF THE GABRIEL COMPANY

Specialists in High- Frequency Antennas
139 Crescent Road, Needham Heights 94, Mass.
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A representative, group
precision radar antennas.

of

higIn

FOR YOUR RIG!

SPRAGUE CAPACITORS
HYPASS®— feed- through
capacitors for bypassing
harmonic currents in transmitters and for eliminating
v-h- finterference from a-c
mains and control circuits.
Ideal for eliminating TVI
... developed to meet transmitter needs outlined by
ARRL Headquarters.
FILTEROL®—line filters for
suppressing " man-made"
radio noises and television
"scrambles" on practically any application. Small,
self-contained, and easily
installed, Filterols provide
maximum noise suppression.

SPRRGUE
‘, 36C
SPAR6UE

CERA -MITE* — the first
complete line of miniature
disc ceramics. Tough, dependable, and inexpensive.
A type for every use— GA
(General Application),
high-K, and temperaturecompensating.
METAL- ENCASED PAPER
CAPACITORS— long a favorite with amateurs, these
metal encased capacitors
are impregnated and filled
with KVO, the efficient dielectric material. Long- life
and reliability are outstanding.

I30110

TE LECAP* — phenolic
molded paper tubulars assure maximum dependability under extreme heat,
humidity, and shock.
These Black Beauties are
oil- impregnated in ratings
from 600 to 12,500 volts.
ATOM® — metal - encased,
dry electrolytics are engineered especially for tough
television replacement applications. Small enough
to fit anywhere, Atoms
withstand punishing 85°C.
(185°F.) temperatures.
TWIST-LOK*—dry electrolytics, sealed in aluminum
cans with twist- prong tabs
for washer or direct- tochassis mounting. Top dependability in small size
at 85°C. ( 185°F.). Sprague
makes more ratings than
any other manufacturer.
Ideal for TV servicing.
MICAS— of maximum quality for R- F applications
where high "Q" and high
insulation resistance are
required. There is a
Sprague mica capacitor for
every amateur requirement,
from tiny half " postage
stamp" types to giant
ceramic- jacketed types.

M® RESISTORS

The only resistors wound with ceramic coated wire and
doubly protected by a glazed ceramic housing and unique
end seal to guard against moisture. Wires cannot short.
Koolohms can be mounted anywhere, even flat against a
chassis or grounded parts. They can be used safely at full
wattage ratings.
WRITE FOR INTERESTING SPRAGUE LITERATURE COVERING
THESE PRODUCTS OR SEE YOUR RADIO PARTS SUPPLIER.
*TRADEMARK

S_PROSUGE
PIONEERS

IN

SPRRGUE PRODUCTS

company

(Distributors Division of Sprague Electric Co.)
North Adams, Massachusetts

McELROY

MANUFACTURING CORPORATION, LITTLETON, MASS.
Telephone, Boston Liberty 2-3411. Cable, Tedmac, Boston
MARS and Red Cross and other Emergency Communication Systems please note

Tens of Thousands of radio operators
have been trained on McELROY equipment.
Hundreds of Radiotelegraph Stations
mercial — use McELROY equipment.

military, naval, com-

Now even the Smallest Station
can convert from manual to automatic operation.
The McElroy Portable Morse
Package Unit MP-( ) — sturdy,
light, compact — gives you perforated
tape keyed transmission and inked
slip recording at speeds up to 100
words per minute.
Technical Information will
be sent upon request

Morse Package MP-( )
Closed

Morse Package MP-( )
Receiving
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Morse Package MP-( )
Transmitting

DEPENDABLE High Speed Communications
By SKILLED Communications Engineers
of long EXPERIENCE and INTEGRITY

Auto Head, Drive and
Keyer Combination ADK

Recorder, Amplifier and
Puller Combination RAPC

Auto Head
and Drive AHD

(1

Tape Bridge TTG

Tape Puller CTP and Reel

'
•

‘,
Recorder and Puller
) RPC and Reel

Tape Rewinder Model CK-1
Stall-Torgue Motor
Teletype or Morse Slip

Wheatstone Code
Perforator PFR
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For
HF
insulation
specify
the
best!

U. S. PATENT NO. 2,214,703 AND OTHER CLAIMS PENDING

Custom Made Technical Ceramics
SOLD

ONLY

TO

AMERICAN

MANUFACTURERS

LAVA

CORPORATION
50TH

YEAR

OF

CERAMIC

Chattanooga

LEADERSHIP

5, Tennessee

t,

HENRY

11141110111e

RADIO

YOU:

offers

LOW PRICES :YOU can't beat my wholesale prices.

FAST SERVICE:You get fast service. Ihave big stocks of Collins, National
Hallicrafters, Hammarlund, RME, Johnson, Harvey- Wells, Lysco, Gonset,
mitters, parts at /owest prices.
Morrow, Mallard, Eldico, Master Mobile, Hy Lite, all other receivers, transtoo.
BIG TRADES :Iwant trade-ins. Itrade big. Tell me what you want— what
you have to trade. Get my offer. Ipay cash for receivers and transmitters

TIME PAYMENTS:Get what you want and pay by the month. Igive you
better terms because Ifinance all terms myself. Write for details.
about
SATISFACTION:
Henry Radio. Try any communications receiver ten day s
you return
it your on/y cost is shipping charges. / want yo u to be satisfied. Ask any ham
PERSONAL
You
if

You get
personal
attention.
Flenry,
WOARA,
runs the Butler store. Ted Henry,
W61/0U,
runs
the Los Bob
Ange/es
store.
Bob
solicited
too.be reached nearly 24 hours a day, 7 days a week. Write, phone,
Henry can
wire or visit either store. Send us your ordess and inquiries. Export inquiries

Butler

1, M.ssou ,

Phone: 395

HENRY RADIO STORES L;ORS,,,,A,F,Ei:e1:;i

"LARGEST

11..40

DISTRIBUTORS

OF

SHORT

WAVE

1

RECEIVERS"

107

sAn,

All

•....

an

••

li e

e

•

â.

•

••

• • •
•

••

•

•

Model S- 5-A

Model S- 4-A

WATERMAN

PIONEERING

WATERMAN INTRODUCES

TWO NEW

CATHODE

OSCILLOSCOPES

Compact, Portable Instruments For Precision Pulse Measurement Adaptable To All Electronic Work, Including TV

PULSESCOPE
TO PORTRAY THE ATTRIBUTES OF THE PULSE:
SHAPE, AMPLITUDE, DURATION AND TIME DISPLACEMENT

Video Amplifier up to 11 MC • Video Delay 0.55 is
Pulse Rise and Fall Time Better Than 0.07

S

S- 4-A SAR
PULSES COPE
Video Sensitivity 0.5 vp to p/in. • SSweep 80 cycles to 800kc, either trigger or repetitive • A Sweep
1.2 'Is to 12,000 • R Delay 3 its to 10,000 ps, directly calibrated on precision dial • R Pedestal
or Sweep 2.4 us to 24 jis • Internal Crystal Markers 10 jis and 50

s • Size: 91
4
/
x 11 /
4
1
x 10 1
4
/
•

Weight: Less than 32 pounds.

S- 5-A LAB
PULSESCOPE
Video Sensitivity 0.1 y p to piin. • Sweep 1.2 jis to 120,000 ms with 10 to 1expansion • Sweep
either trigger or repetitive • Internal Markers synchronized with sweep from 0.2 jis to 500 jis•
Trigger Generator and built-in precision amplitude calibrator • Completely cased • Size: 16 1
2
/
x
14 1
4
/
x 17 1
2
/
• Weight: Less than 60 pounds.

CABLE ADDRESS:
POKETSCOPE, PHILA.
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H
IGH
HICK GAIN

WIDE

POCKETSCOPE

Handsome
et 4

WIDE BAND

4

INCUSTRIAL

AND

'et

POCKETSCOPE

TWIN TUBE

MODEL S- 14-A

THE

MODEL S-14-9

WATERMAN

MODEL S- 15-A

POCKETSCOPE

LINE-UP
re"

HI, WIDE

and HANDSOME

POCKETSCOPES

Combination filter and graph screens are used for

are characterized by small size, light weight, and out-

better visibility, thus traces can be observed even

standing electrical performance. All units have fre-

under high ambient light condition. Binding posts for

quency

non-

convenience of connections, with effective shield, are

frequency discriminating gain controls. All units have

used. S- 14-A has sensitivity of 10 mv/inch with pass

compensated

attenuators

as

well

as

both periodic and trigger sweeps from /
2
1
cycle to

band

50KC. The amplifiers are direct coupled thus frequency

mv/inch with pass band above 1 megacycle. S- 15-A

above

200KC. S- 14-B has

sensitivity of 50

response starts from 0 cycles. No peaking coils are

is similar to S- 14-A except that it has two independent

used, thus, the transient response is good. Full expan-

CR Tubes for multi- trace oscilloscope work. Accessories

sion of trace, both vertical and horizontal, is built in.

such as carrying cases and probes are available.

S-10-B

S-12-A

S-11-A

S-13-A

S-21-A

POCKETSCOPES and RAKSCOPES have achieved a reputation for dependability and accuracy. The LINEAR
TIME BASE can be used with the S- 11-A POCKETSCOPE or with any other oscilloscope to

scope to trigger

WATERMAN

RAYONIC

TUBE

3SP

3MP

Waterman has

developed a rectangular tube for multi- trace oscilloscopy. Identified as the Waterman RAYONIC 3SP, it
is available in Pl, P2, P7 and pli screen phosphors. The face of the tube is 11
2 " x 3'' and the over-all
/
length is 91
4 ". Its unique design permits two 3SP tubes to occupy the some space as a single 3" round
/
tube, a feature which is utilized in the S- 15-A TWIN- TUBE POCKETSCOPE. On a standard 19" relay rack,
it is possible to mount up to ten 3SP tubes with sufficient clearances for rack requirements. Photographic
means of recording are under development and will be available shortly.

TYPICAL
TUBE

the

DEVELOPMENTS

Since the introduction of Waterman RAYONIC 3MP1 tube for miniaturized oscilloscopes,

11

convert

operation from /
2
1
cycle per second.

VOLTS
ANODE . 2
1000
2000

3MP

OPERATION

VOLTS
ANODE . 1
165 to 310

VOLTS
GRID . 1
—28 to — 67

V IN
DI. 02
73 to 93

V/IN
00, 04
52 to 70

330 to 620

—58 to — 135

146 to 193

104 to 140

1000

200 to 350

0to — 68

140 to 190

130 to 180

2000

400 to 700

0to — 126

280 to 330

260 to 360

MAX. VOLT
ANODE . 2

MAX. VOLT
ANODE . 1

VOLTS
HEATER

CURRENT
HEATER

2750

1100

6.3

.6 Amp.

250

13))

6.3

.6 A— p.

UT
IRMH FIODETS CO ., IN C
.1
HILADELPHIA

25

•

PENNSYLVANIA

Inufacturers of POCKETSCOPES in • RAKSCOPESR) •

PULSESCOPES )

•

U.S.A.

and RAYONIC TUBESD
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Be Sure of Your Installations
Get the

aereede -7eared

• You know what you are
doing when you use Belden
RG/U Transmission Line
Cables-they're aptitude rated.
They are designed to provide
desirable electrical characteristics, and rigid control assures
constant quality.
Specify Belden Radio Wires.

RG/U TRANSMISSION LINE
CABLES

Belden Manufacturing Co.
4617 W. Van Buren Street
Chicago 44. Illinois

APTITUDE RATING
No. 8236

APTITUDE RATING
No. 8237

APTITUDE RATING
No. 8238

APTITUDE RATING
No. 8239

APTITUDE RATING

F
r*W'Y

Frequency

Attenuation

Frequency

Attenuation

Frequency

per 100 ft

( Me)

pe. 100 ft

per 100 II

Frequency
(Mc)

Attenuat.on
per 100 ft

2.90
4.20
5.50
6.70

100.
200.
300.
400.

3.75
5.60
7.10
8.30

100.
200.
300.
400.

lOO If

2.65
3.85
4.80
5.60

(Mc1

100.
200.
300.
400.

2.10
3.30
4.10
4.50

100.
200.
300.
400.

1.90
2.85
3.60
4.35

( Mc)

100.
200.
300.
400.

Attenuotion

No. 8241

Wherever there's a need for crystals — old type or
wholly new in design—consult JAMES KNIGHTS first.

FOR YESTERDAY
.

,e

This JK H- 11—developed in the mid-' 30s
for aircraft communications — is one of
mime
any old- t
crystals still made by JK.
......

TODAY
Typifying wide current usage of
JK crystals is the JK T-9, so
popular for frequency standards.

AND TOMORROW
Every day finds dramatic new uses for
the hermetically sealed G-9. This stable
crystal is used for " audio frequency" work.

CRYSTALS FOR " HAMS"— OR HELICOPTERS!
Wherever you look in industry and science,
you will find James Knights crystals forging
America's future. For the JK ability to pioneer
into new fields of crystal design and adaptation
— even as the company is producing the more
common, "garden variety" crystals — has
made James Knights the SURE source, whatever the use.
One of the

Whether it be atomic research, acrystal for a
commercial watch timer, or an amateur desiring a frequency control for his transmitter,
you'll find the crystal answer at James Knights.

many laboratory de-

velopments is seen in the sealing
of a glass envelope on the G.9
crystal holder.

e

FOR THE

euted

For a rapid scanning of the dozens of various type precision crystal:,
available for you at James Knights, write for this free JK catalog.

The James Knights Company

SANDWICH
7,
ILLINOIS
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HARVEY'S first concern
is for the customer...
Ask your fellow amateur!

We've been headquarters for hams, professionals and com-

Authorized distributors of

mercial engineers for more than 25 years. And we retain
six full-time active amateur operators and a large staff of
technical experts, who are always available and ready to
help you.
These staff salesmen talk from personal experience. They'll
recommend the right parts and equipment from our huge
stock.
Harvey offers you world-wide one- stop service for everything you need in radio and electronics. Phone, wire, or

receiving and non- receiving tubes
batteries • test equipment
television components • service parts
...and other products of famous
names in radio and electronics

FREE RCA
HAM TIPS
Are you getting RCA HAM
TIPS? There's afree
copy waiting for you at
Harvey Radio Co. If you
can't call personally,
write for it.
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mail orders from anywhere are filled as soon as they're
received. Located at the crossroads of the world, one block
from Times Square. Come in today, or next time you're in
New York.

Harvey's staff is always
at YOUR service!

HARVEY
features
leading standard
brands
available for
IMMEDIATE
DELIVERY!

NATIONAL SW- 54
Brilliant new angerhet covering 540 kg
—30 mc. with built-in speaker, band
spread,
best communications features.
AC/DC. 128E6, 12BA6, 12AV6, 5005,
3515 tubes. Tops for voice, 111LISil • code.
Only 11 x 7 x 7". SW- 34
$49.95

NATIONAL NC- 125
9-tggbrg superhet for hams and SWL's,
cover, 550 kc — 36 mc in 4 bonds. Calibrated electrical bandapread on oil ham
bands. Select-O-Ject filter circuit. Less
speaker, Phono input. NC- 12.5....$149.50

NEW! NATIONAL HFS
Versatile VHF receiver- converter covering
all frequencies between 27 and 250 mcs.
in six bands including 11/, 2, 6, 10 and
11 meter amateur. Can be operated mobile, portable or fixed station; AM-FMCW. Moderately priced.
HFS ( less power supply) $ 142.00

NATIONAL NC-I83

NOTE: All prices are
Net, F.O.B. N.Y.C. and
are subject to change
without notice.

NEW! NATIONAL HRO-50T1
With 12 permeability- tuned 1.F circuits
and the highest degree of " skirt" selectivity ever achieved in a general communication receiver. Speaker extra.
1
1R0- 50T1
$ 383.50

Telephone

14 tubes plus VI- 150, 5U4G. Covers 540
he — :
et mc, plus 48-56 mc. Phono input
and push-pull 8 watt audio. Two tuned
RF stages. 5 bands; bandspread. Speaker
egcra. NC- 183
$ 279.00

ei=ramr

HARVEY
103 West 43rd St, New York 18, N. Y.
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SHORT WAVE COILS
TYPE NO.

I DESCRIPTION

IMTG. CENTER I DIMENSIONS

IF TRANSFORMERS (
Freq. 1400-1600) List Price Each $2.20
i

SW-600

Input

1%

1% x 1% x2%

SW-601

Interstage

1% x 1% x2%

i

SW-602

Interstate ( Miniature)

% x % x2

k

SW-603

Output (Miniature)

1%
34
34

Input Midget

11
21
/

% x34 x2
X 1
1
/
6 x2

k

SW-604

11
2
/

SW-605
SW-606

Interstage Midget

IVei

11
/
8 x1% x2

i

Full Wave Output

11
4
/

11
/
8 x1
1
/
8 x2

i

SW-607

Half Wave Output

11
/8

11
/
8 x1
1
/
8 x2

i

i

RFANTENNA- OSCILLATORS Miniature Type (Freq. 2.1-6.3 MC) List Price Each $ 1.65
SW- 620

Antenna

Clip

% x % x2

k

SW- 621
SW- 622

RF

Clip
Clip

3
/
4

x3
4 x2
/

k

4
/
3

x3
4 x2
/

k

Oscillators*
*1600 MME Series pad.

SW CHOKES List Price Each $0.65
SW-630

.07 Ohms, 2.5 Micro Henries, M. A. 200

SW- 631

.25 Ohms, 5.0 Micro Henries, M. A. 200

1 1/4 Di a.
4
/
3

x 11
2
/

Dia. X 11
2
/

I

PP

HIGHPOWER FILAMENT TRANSFORMER P-2943
Designed for highpower use in both Amateur and industrial applications. Specifications:
Sec. Volts, 5—Sec. Amp., 30—Insulation Volts, 3000—Center tapped with primary taps for
110-115-120volts, 60 cycles— Dimensions, 37
/
ahl x33
/
16W x4
4 D—DL Mounting. Will handle
/
3
a pair of 250 TH's, 4-250 A's, 4-125 A's, 4-400 A's, etc. Net Price $6.60.

SEND FOR CATALOG # 5211
Merit offers a complete line of TV, radio,
industrial and amateur transformers and IFRF
coils for TV, FM, short wave and broadcast. Write
today for your Merit Coil & Transformer Catalog!

MERIT
COIL II TRANSFORMER CORP.
4427 NORTH CLARK ST., CHICAGO 40, ILL.

BURTON BROWNE ADVERTISING

VOLT- OHM- M IL- AMMETERS
for your every need
-A- Note . . . These Sensational Improvements

TRIPLETT Model 630
* Large 51
2
/
Inch Meter in special molded case under panel.
* Resistance Scale Markings from . 2 Ohms to 100 Megohms. Zero Ohms contre
flush with panel.
* Only one switch. Has extra large knob 21
2 " long, easy to turn, 'lush with panel
/
surface.
* New molded selector switch, contacts are fully enclosed.
* All resistors are precision film or wire wound types, all sailed in molded
compartment.
* Unit construction- Resistors, Shunts, Rectifier, Batteries all are housed in a
molded base built right over the switch. Provides direct connections without
cabling. No chance for shorts.
* Batteries easily replaced- New Double Suspended Contacts.
* Ranges: DC Volts 0 to 6000, 23,000 Ohm Volt; AC Volts 0 to 6003, 5000
Ohm Volt; DB: - 30 to 4-70; Direct Current from 0-60 Microamp. to 0-12
Amps; Resistance: 0-1000-10,000 Ohms, 0-1-100 Megs.

POCKET SIZE

ABSORPTION
FREQUENCY METER

Model 3256
A band- switching, tuned absorption
type frequency meter that covers five
amateur bands.
Has
Germanium
crystai . znd a DC Milliammeter indi.
cator for greater sensitivity. Direct
calibration on panel — no coiii to
change. Switching permits instanta..
neous bend change. Audio jack provides ke monitoring of phone signals
— another new feature. Calibration
is in Megacycles in following bands:
3.5-4 MC; 7-7.3 MC; 14-14.4 MC;
20-21.5 MC; 28-30 MC. Coil is re.
movable and other coils may be sub
stitute4 for special bands. Useful for
checking: Fundamental frequency of
oscillating circuits; Presence, arder
and relative amplitude of harmonics;
Para:ink oscillations, etc. Size: 71/2"
z 21
/ " x 21/
2
4". Metal Cane with gray
enamel finish black trim.

RANGES: Ac-Pc
woo

panel

Model 666-HH VOLT-OHM-MILLIAMMETER

and

portable

meters

are available in more than 26 case
styles — round,
2" to

7"

meters,

o--1P-so-250-loon-scroo,

Ohms/Volt; Direct Current: 0-10-100 Ma.,
0-1 Amp.; Resistance: 0-3000-300,000 Ohms, 3 Meg.
Black molded case, completely insulated, 31/16" z
57/8" x 2' i„". White panel markings.

ACOMPLETE LINE OF METERS
Tripi..ett

III

Model 666-R

For
your
AC
and
DC
Voltage, Direct Current and
Resistance analyses to 3
Megohms. Enclosed selector
switch of molded construction keeps dirt out. Retains
contact alignment permanently. Unit Construction —
All Resistors, shunts, rectifier and batteries housed in
a molded base integral with
the switch. Eliminates
chance for shorts. Direct connections. No cabling. All precision film or wire- wound
resistors, mounted in their
own compartment- assures
greater accuracy.3"
RED•DOT Lifetime Guaranteed instrument. Red and
black markings on a white
background. Easy to read
scale. Precalibrated rectifier unit. Self-contained
batteries.

square

sizes.

ammeters,

millivoltmeters,
thermo-ammeters,

and

Included

fan —

are

volt-

milliammeters,

microammeters,
DB

meters,

VU

A complete miniature laboratory for DC-AC Voltage, Direct Current and Resistance analyses. The
answer to V-O-Ma. requirements of radio servicemen, amateurs, industrial engineers, etc. Greater
scale readability on the 3" RED..DOT Lifetime
guaranteed instrument with red and black scale
markings. Simplified switching.
RANGES: AC-DC Volts: 0-10-50-250-1000-5000,
1000 Ohm Volt; DC Ma: 0-10-100-500; OHMS:
0-2000-400,000. Sell- contained plug-in batteries.
Black molded case, completely insulated, 31/16 "
x 57 8" x 2 '
Panel with white markings.

meters and eleetrodynamometer type

FOR THE MAN WHO TAKES PRIDE IN HIS WORK

instruments.

Address

all

inquiries to Dept. 0-52

Triplett
TRIPLETT ELECTRICAL INSTRUMENT COMPANY • BLUFFTON, OHIO, U S A
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BOB HENRY HAS

hallicrafters
what do you have?
Why not the best! I'll give you terrific
trade-in allowances on your used communication

equipment— easy

payment

plan- 90- day FREE service— prompt
delivery. Complete stock of new Hallicrafters receivers and transmitters to
choose from. Write, wire, phone or visit
MODEL

SX-71 ... double

superheterodyne

either store today. Export orders wel-

circuit

plus built-in Narrow Band FM reception. Temperature

come too!

compensated, voltage regulated. 5 position band selector for 538-1650 Kc, 1600-4800 Kc, 4.6-13.5 Mc,
12.5-35 Mc, 46-56 Mc. 11 tubes plus voltage regulator
and rectifier. $199.50

MODEL S-408 ... 540 Kc to 43 Mc. Temperature comMODEL S-76 ... dual conversion ( 1650 Kc and 50

pensated. One RF, 2 IF, 3- watt output, 4 bands. 115 volts AC.

1(c). Four bands 538-1580 Kc, 1720 Kc to 32 Mc. 5

7 tubes plus rectifier. Internal speaker. $99.95. Other popu-

position selectivity. Sensitivity 2 microvolts or better with

lar Hallicrafters models: S38-8 $49.50; S-72 $109.95;

5watt output.9 tubes plus regulator, rectifier. $ 169.50

S-72L $119.95; SX-62 $289.50

Phone:
395
Butler
1, Missouri

HENRY RADIO

STORES 11240 Olympic Blvd.
LOS ANGELES 64
BRadshaw 2-2917

"LARGEST
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DISTRIBUTORS

OF

SHORT

WAVE

RECEIVER 5"

IREmAll)

VERTICAL

AND

MOBILE

ANTENNAS,

ELEMENTS-MOUNTINGS-ACCESSORIES
I .11•111er

able. jet gis e exceptionallj efficient. dependable performance
most seS ere conditions.

ler

Assure 8 III, gain ellalal 40 6.3 transtnittiog
pout,. For Ti. tO. 20. 15 cer
meters Y.
changing
Also aVailable in lease-ktadt•.1
types.

ill nith-dand ordinarj stresses hut should

lie supported by giis or st ambler' . insulators a2,1inst abeitermal minds.
In 6' to 371' heights_ in al

•

and steel.

Also special types
2371
.

enther-Itesistastat Steel .ttatematts
Leo gth
Lengt h
Et- tended Collopseti

Desrri pi ion
112-M
318- NI
221-M
130-M
136- VI

2- see. telescop'g
3- sec. telescop'g

11'8"
17'3"

6'1"
6'2"

1- se.•.
5ser. eelesc..p'g
6- see. eelescop'g

22'9"
28'3"
33'9"

6'3"
6'1"
6'5"

OD.
Dame
. 656"
. 875"

LIP.
Base

Leo gt h
Len at h
Extended (:ollapard

D.D.
Base

I . D.
HUM-

12.'1"

tit"

. 500"

AL-518 3- see. tries...m .2
AL-32 1 1-itee. trlesestit'g
AL- 530 5- see. teleselip'm

I8'7i"
2l' t"
30'0"

6'1"
6'1"
6'5"

• 750"
1.000"
1.250"

.33
381"

3

AL-533

35'8"

6'5"

.831."
1.08 1"
1.3111"

7
12

No.

Description
2- see. telescop'g

b- see. it-Iest.cbp'2.

VHF

I . 500"

1-pie.•e tapered - .hip - styles de.igned
i
llllll te serengeli and flexibility to meet
acting requirements. Available in Al
Chr
Steel. High-Tensile
Steel in 72". 81" and W I" 1.1g8118.
Ty pe F:.

Weight
each. lbs.

NTENNAS for ROO go 250 MC.

31115 or

W1111 1-TVI°E _tNTENNAS

7
11
15
20

.tlituteineautt .tuitennats

AL-312

for 2000-3000.

(Illustration slimy,: rellier-1041111•11 ey gee iyith
ItS Nlounlingt

ght
end,. lbs.

. 556"
. 775"

1.063" . 963"
1.250"
1.150"
1.509"
1500"

and Illasse-Loaded

Yt IObile .‘ 1114`1111118S

P'remax Tubular Nertical Antennas are fully collapsing and adjust-

for maxlllll
ex"
Stainless
Ask for

Inexpensive
Step-Taper %1hips
in
stainless steel and eadmiumegelated 11d- tempered
steel. in 72". 78", ID". 00" and 96" l,-,, gel's.
Ask for Type A.

MOBIlE MOUNTINGS
Type
Type
Type
Type

TA. % lounging for roof_ panel or trunk.
XL. NI tttttt ting for panel of car.
L. II ttttt per % Itttttt their; 10" adjustable.
Is. Bum's, % looming: 10" adjustable.
>
t- r- al Spring % loon' for any use.
Ty pe S. Spring \ I
ting for roof.
Ty pe %. :",pring \ 1IaS
for anv ttttt
Type lit. Ini,er.al % looming for any ;atrface.
Type F. Ini,cr..11 \ Itttttt ting: 30° adjustment.
Type %. Tlaro-Deck or Roof
tttttt ting.
"I'ype \ k. Bumper % I, ttttt eing; 2" adjustable.

T,.. Rs.

Ideal antennas for Civil Defeo-, % lob& installations.
Is pe CD- 112 for car- top, requiring single
1 2"
hole for
mounting.
pe CD- 212
1:mergenej
ktitenna fastens
to top mill. 111) suction cup

Fs

(All lit any

requiring no holes. Type
(;P-312 is ideal for land

34" whip Antiniiiii)

Weightings for Whip Animus»

station transmitter.

C(41
. 0)
,el Altuni•nt
Less lease

CD- 212

CI)- 112

PIIIEMAX

[1
GP- 312

1011 -NTINfiS AND INSI -LATIMS

TA

TA

XL

L

K

RS

S

SA

R-11

COPPER191..‘TE111
1:11M1 -N111 110111S

Type IX

Type 1

Type III

'Eype J
TYPe (;
TYPe 1;
l'ytie
TYne
Type il.
Type II

Type 2
Type 6

.

ley r
It, 5'

6'
6'
6'
6'
6'
6'
6'
6'
6'

1
.
2"

'." I.
1.•'

,

1,, 5'
TYPe X

8'
8'
8'
It'
8'
8'
8'

IIIITAISI" BEAM KIT

Type 8-C
yin.
ype
spi5 pe
pe
pe

Type 3

Type I3- S Type 13-11

Type 9-C

Type 10-C

Type 7

34" to

I. Base % I ...... eing; galv. iron or bronze; fits
I.D. masts.
IX. Base Insulator; galv. iron 1w bronze: top tapped standard 14," 16 thread.
Base Insulator: galv. ir,,,, or bronze; similar to Type 1except hinged post.
2. Base In sulator; galv. iron: fits •.1," or
I.D. masts.
6. Deck Insulator: gals. iron or bronze; for , leek or um( . fits
t
,,
Standoff; heas
duty, ehr. lll e plated; fits .¡•¡" to I,1
4"0.13. mast.

via. et- C. Insulated Mounting Clamp for horizontals or verticals; fits 5..¡" to I" 0.1).
pt. 3. StantiolT Insulator for yertiral. or horizontals; fits 4" to I%.i" 0.1).
pe 13-S. Standoff Iit.olaiter: 11,1, . 1111• ';' t
o t q" 0.1).

•pr
ype
pe
pe

13-11. Standoff Insulator; same a. Ty pe I:i-S but with binged top.
Insulated NI tttttt
Clamp for horizontals or veer, teal.: lit s
lo I" 0.13.
10-C. Insulated M. ttttt i,,g Clanage for horizontals or set- steal, fits
to 1" 0.D.
7. Standoff Insulator for verticals or horizontals; lies " to I" (/. 1).

11-C.

C o en p I .• e
Kit
No.
R B - 6 309
for 6. 10 and
11 meters
iei el it . 1e .
aIu III iII II III
frame.3 pairs
eIetu, eet ..
T-inatch arg .. ries.
ware. Wt. 20 II-.

instil:

and

necessary hard-

SEND FOR ANTENNA CATALOG

PREMAX PRODUCTS
DIVISION

CHISHOLM-RYDER

5203 HIGHLAND AVE.

CO.,

INC.

NIAGARA FALLS, N. Y.
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W ay back in 1922, the late Henry C. Gates, well known

industrialist, decided to make the name GATES synonymous
with service in the electronics field.

15,000 watt High Speed
Telegraph Transmitter for
inter- continental service

Today, 30 years later, it would be arare exception to
find anyone who does not know about GATES products.
One of the oldest manufacturers of electronic equipment
in the world, the GATES RADIO COMPANY specializes
in radio transmitting equipment of all types — AM, FM,
TV, Communications, etc.
By so specializing — and through production efficiency
—GATES is able to offer higher quality at more modest prices.

Turntable

F.C.C. Approved
Frequency Monitor

No job is too large or small, too complex or simple
for GATES to tackle.
Because GATES itself manufactures a large number of
the components that go into finished GATES equipment,
designs are not assemblies built to the convenience of someone else's particular size of material.
Dual Channel Speech Input System

This means GATES offers " custom-built" quality and
efficiency at prices that pleasantly surprise.
All of these points are of outstanding importance to you
— are specific reasons for wanting your transmitting equipment to bear that familiar and trusted name — GATES.

GATES

PRODUCTS

GATES Supercabe Co- ax

• Commercial broadcasting equipment • Commercial communications transmitting equipment • Television transmitting
equipment • Frequency modulated transmitting equipment
• Mobile transmitting equipment • Audio equipment including: broadcast, recording, public address • Specially
designed electronic instruments including: vibration fatigue
apparatus, laboratory hearing aid
equipment, recording equipment
• And many other items.

GATES RADIO COMPANY • MANUFACTURING ENGINEERS •

il

Tube Sockets for
High Powered
Tubes
QUINCY, ILLINOIS, U. S.A.

2700 Polk Avenue, Houston, Texas •
Warner Building, Washington, D. C. •
International Division,
13 East 40th Street, New York City •
Canadian Marconi Company, Montreal, Quebec, Canada
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THIS VALUABLE BOOK

FREE

ALL ABOUT CODE

HERE'S WHAT WORLD CHAMPION ED MrELROY
SAYS ABOUT THE FAMOUS CANDLER SYSTEM
"My skill and speed are the
result of the exclusive, scientific training Walter Candler gave me. Practice is
necessary, but without

proper training to develop Concentration, Co-ordination and a keen Perceptive
Sense, practice is of little value. One is
likely to practice the wrong way."
McElroy is the Official Champion Radio Operator, 75.2
w.p.m. won at Asheville Code Tournament, July 2,1939.

/v vri
BEGINNERS...
Here's yolar chance to learn code quickly and easils ... to get
numinous» speed and proficiency in rode operation
right in
your own I
r. The forty-year record of the CANDLER SYSTEM in training beginners to develop and apply their talents to
top speed nol efficiency is sound tortmf of what the CAN
SYSTE I
yon.

OPERATORS ...

THE EASY CANDLER WAY
Think of the thrills and excitement you can have corn llllll Orating by code nisi. people all over the world ... when you bee llllll • a
good Amateur Operator. Or, you may have your sights set tin
a highly-paid. expert Commercial Operator. In either
ease. you ran save time and money lea " g the fundamentals of
code sending end receiving and the principles of fast. efliehoot
operatiug nab the world.f: llllll
C % NDLER f"YSTEM.

THIENCCHRAEAMSPEIOSPNEECDANaDnduSRK WILLAY

sri' you hoping for a nice promoti llll
a bigger salary
an eXperl
0.•rator? Then, now is the time to
e your speed
and skill in code sending and receiving. The CA N 1)1 I'll SYSTE 111
0E' CH ANI PIONS shows you 110. 10 improve cur code technique
increase your
tttttt I
develop your skill to the highest
point
e• I
i
titillate glen.... tqmsion
and pave tile nay to a topbracket I.— Ono, as an ' s'' ru Operator.
11

LEARN CODE

Besides experience., poi must hare special 1..iinang to develop
the extra skill and speed you need to loe a successful Commercial
Operator. The CANDLER Sl"STEM offers yolo that training in
an easy. thorough and interesting way. It is the outstanding
method that las developed thousands of fireq-elass operators
even Champions — fr
ordinary operators. 'rio-ri- is a course to
meet your requirements.... and your budget.... in the CANDLER SYSTEM.

FIND OUT HOW THE CANDLER SYSTEM CAN HELP YOU. SEND NAME AND ADDRESS
ON COUPON OR POSTCARD FOR FREE COPY OF CANDLER

CANDLER SYSTEM CO

BOOK OF FACTS.

P.O. Box 928, Dept. 24, Denver 1, Colorado, U. S.

SPECIAL COURSES

r.

Or 52b, Abingdon Rd., Kensington High St., London W.8, Eng,nd

•

FREE! — MAIL COUPON

FOR

BEGINNERS & OPERATORS
The SCIENTIFIC CODE COURSE, especially designed for the
beginner. Teaches the basic principles of code operation
scientifically.
The HIGH SPEED TELEGRAPHING COURSE, intended for the
operator who wishes code speed and skill to become a good
operator or a better one faster.
The HIGH SPEED TYPEWRITING COURSE, designed for those who
desire typewriting proficiency and speed. Especially designed
for copying messages and oress with typewriter.

N 3W!---

— -

CANDLER SYSTEM CO., Dept. 24,
P.O. Box 928, Denver 1, Colo.
Or: 526, Abingdon Rd., Kensington High St., London W.8, England
`7 Iam a beginner

D Iam an operator.

Gentlemen: Yes ... I'm interested in the CANDLE Code Training
System. Please rush my FREE copy of the CANDLER Book of Foes
today.
Name
Address
City

Zone .:otate
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ee l- %
DAVE
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SMACK

ffic.

904 BROADWAY, ALBANY 4, N. Y.,. S.A.

WZAPF

AMATEUR HEADQUARTERS

IF YOUR GEAR HAS TO FIT IN PEANUT SPACE . .

See what'sekli
-from SONAR!

•

AC power supply —
input 110 VAC
$30.00
output 400 V (r1 225 ma
39.45
XE10

NFM

exciter.

Complete

NFM

unit

having its own power supply ... phase modulated, using an exclusive SONAR circuit, which is
completely independent of the oscillator. Oscillator is crystal controlled or may be used with
any type of VFO. Unit is finished in a smooth,
gray baked enamel with two-colored screening,

NEW Sonar
mobile
SR- 9 Rm.

red and white.

SONAR MODEL VFX-680 ALLBAND EXCITER $ 87.45

Indispensable when you must
hear what's coming through,
in mobile or Eyed operation,
CD, CAP or emergency activity. More than o monitor,
more than a converter —
it's a 9- tube superhet receiver with over-all sensitivity better than . 5 microvolt. Tiny — only 4 9/16"
high, 5 3/16" wide, and
5 11/16" deep. Yet SR- 9
gives you built-in automatic
noise
limiter,
voltage
regulated oscillator, preciSion slide rule dial.

Incorporates

newly

Modulator and

developed

VFX

SONAR

insertion operates oscillator from VFO
control.

Vary

NBFM

Oscillator. Quartz crystal
to Xtal

VFX control to " rubberize" any

type crystal. Smooth, gray baked enamel with
two-colored screening, red and white.
Your choice of 2, 6, 10
meters and commercial frequencies. AM and FM.

RPA tape recorder amplifier $49.50

$ 72 .45

RPA 1 tape record playback amplifier

NEW Sonar
mobile
MB- 26 Xmtr
Like SR- 9 Rcvr, this crystal.
controlled 6- tube Xmtr goes
everywhere, fits anywhere,
employs latest vhf, techniques! Lets you send cleor
signal, no matter how grueling the going. Output: 6
watts. Power consumption:
equivalent
to
car
bright
lights. Just 61
/ " high, 7"
4
wide, 51
/ " deep. Built-in
4
antenna relay system, power
filter network. Low maintenance — standard tubes.
Power and antenna co- ax
connectors on front panel.

8 or 24 Mc. crystal, overtone type. Screw- driver adjusted tuning control.
5 72 .45

PASS THE WORD TO YOUR LOCAL CIVIL DEFENSE AUTHORI•
TIES. SEE SONAR'S SENSATIONAL SR- 9 RCVR AND MB- 26
XMTR AT YOUR DEALER'S
OR WRITE FOR FREE LITERATURE.

$471.90

MPA 3 channel mixer and 3rd head
preamp
PTM

$187.00

professional

tape

less carrying case

mechanism,
$220.90

PTM carrying case

$ 33.00

10 1
/2" NAB reel adapters, per pair.
$9.90
PTA

12 tape power amplifier, less

plug in preamp

$88.00

Equalizer for above

$27.50

F
ORT ORANGE RADIO DISTRIBUTING COMPANY, I
NC.
904 BROADWAY
tong

Distance

120

Phone:

ALBANY

5-1594

ALBANY
Cable

7, N. Y.

Address: "UNCLE

DAVE"

Ut4CL
DAVE 5. .

a,

_FOR TORANGE

97,

IL

•

RADIO
SilAéK

904 BROADWAY, ALBANY 4, N. Y.,

41111W2APF

AMATEUR HEADQUARTERS

WE ARE PROUD of the fact that we supply nationally known
and nationally advertised products!
GE
RCA
SYLVANIA
NATIONAL UNION
ADVANCE RELAY
ALLIANCE
ALPHA WIRE
AMERICAN BEAUTY
AMPHENOL

The Following Items are Available
FOR PROMPT DELIVERY
Sonar MB 26 Transmitter- 2 Meter

72.50

Sonar 5R9 Receiver, 144-1 48.5 Meg

72.50

Eldico GDO Grid Dipper

29.50

AMPERITE

Eldico Two Meter Receiver Kits

39.50

ASIATIC

Collins 32V3 Transmitter

ATLAS SOUND
AUDAK

Collins 75A2 Receiver with Speaker

440.00

Hamrnarlund HQ 129 Receiver with Speaker

214.00

AUDIO DEVICES
B
W
BELDEN

Prices not yet available

Model

BIRNBACH

538E1

BLILEY
BOGEN
BUD

BURGESS
BUSSMANN

RADIART
44.50

RME

581

49.50

RAYTHEON

553A

79.95

582

49.50

$

109.95

5X62

289.50
199.50

5721

119.95

5X71

576

169.50

R46 Speaker

577

99.95

19.95

HBO 50 TI
NC 125

16.00
149.50

NC 125 T Speaker

EBY

$ 142.50
383.50

HR 0 50 IS Speaker

DRAKE ELECTRIC
DRAKE MFG.

11.00

EITEL McCULLOUGH

NC 183

ELECTRO VOICE

NC 183 T Speaker

16.00

EL MENCO

SW 54

49.95

279.00

ELECTRONS
$ 209.50

ESPEY

Johnson Viking Kit- wired and tested259.50

FEDERAL TEL.

Harvey Wells APS-50 AC Power Supply

GENERAL CEMENT
GONSET

Harvey Wells Bandmaster Senior

111.50

Harvey Wells Bandmaster Deluxe

137.50

HICKOK

SANGAMO
SARKES•TAR IAN
WALTER L. SZHOTT

SIMPSON
HERMAN SMITH
SOLA
SPRAGUE
ST M‘ICOR
SUPERIOR ELECTRIC
TACO
TAYLOR TUBES
TE-EGRAPH APPARATUS
TELEX
TRIMM
TE_REX

Johnson Viking Kit

39.50

Gonset Two Meter Converter

44.50

Gonset 3-30 Converter

44.75

Gannet 6 Meter Converter44.75
Gannet 10-11 Converter44.75

ICA
IRC

REK.O.KUT
RIDER

SHURE

NATIONAL
Model HFS & 5886 Power Supply

CORNELL-DUBILIER

GUARDIAN

PREMAX

99.95

CENTRALAB

GREENLEE

PICKERING
PRECISION

SIGNAL

CINCH- JONES
CONANT

GOTHARD

PENN BOILER

540B

CARD WELL

ESICO

PARK METALWARE
PAR - METAL

580

CANNON

EIRE

OH MITE

49.50

572

BROWNING
BRUSH

MI LIEN
MINN. MININ3
MUELLER

PETERSEN

Model
$

MASCO
MEISSNER

PRESTO

HALLICRAFTERS

BELL SOUND

LI T- ELFUSE
MALLORY

Gannet Tribunal Converter

47.60

THORDARSON
TRIPLETT
UNGAR
U1C
UNIVERSITY
W AH
UTICA TOO
V % CO
WARD
WEBSTER Cl- ICAGO
WEBSTER ELECTRIC
WELLER

JENSEN

Gannet Clipper

9.25

JED

WESTON

Gannet Steering Post Bracket

3.90

KR AEUTER
KESTER

WHEELER

Millen 90651 Grip Dip Meter

61.50

KING

LYSCO MOBILE TRANSMITTERS AND RECEIVERS
Lysco Model 600 TVI Supressed trans $ 143.95

WIRT
WORKSHOP
WORMER
& MANY OTHERS

Prices on Request

Lysco Model 400 Modulator § 119.95 Lysco Model D11 Grid D,pper $ 39.95

We Trade and Swop • Literature Sent on Request • Phone orders solicited and answered expertly • Foreign orders invited and filled prompt y

FORT ORANGE RADIO DISTRIBUTING COMPANY ,I
NC.
904 BROADWAY
Long

Di lance

Phone,

ALBANY

.

5-1594

,
Cabfc

Add,

N.
" UNCLEDAVE ''
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PAR-METAL RACKS • CHASSIS • CABINETS
104

ELECTRODIC APPARATUS
Adaptable for Every Commercial
or Amateur Purpose

T
HE following list of

To complement the line of Racks shown
here, PAR- METAL also manufactures a

RACKS are only rep-

STANDARDIZED line of Cabinets and
Chassis which cut be used

resentative. There's a
complete line of PARMETAL

units

to

fill

in conjunction with our
Racks, or as a separate
entity. For complete details semi for our catalog.

6

every need.

ER-215
*P-8518 SERIES RACKS
(18 1
/
2
"
end 24" Deep Rocks)

I'd Ile

Dimensions

P-6918
P-78I8
P-8518
P-6924
P-7824
P-8524

Space

69 5/
8"x23 1
4 "a18s/2"
/
78 1
4 "x
/
23 s/8"1 18 1/
2"
85 se x23 3
/ "a 18 1/
4
2"
69s/8"123%" x24"
78%"s 23 1
/ "a24"
4
85%"z23%" z24"

*F-8318 SERIES

61 1/
4"x19"
70 " x19"
77 " a19"
61 1/
4"x19"
70 " x19"
77 " a19"

RACKS ( Inside Depth 14")

t) ,roll
Dimensions

F-6618
F-8318

ER-225

Panel
Spore

67 1
4 "z22" a18"
/
83 1
4 " 22" a18"
/

61 1/
4"x19"
77 " a19"
P-8318

P-8318 SERIES RACKS
(..
,1
o.

P-3618
P-66I8
G-22I8
P-8318
G-3024

(18" end 24" Deep Racks)
Panel
Spore

Dimensions

42 7/
8 "a22"a 18"
67 1
4 "a 22" x18"
/
76 1/
8"a22"a 18"
83 1
/ "x22" 518"
4
76 1
/ "a33" z24"
4

36 34" 19"
6114" it 19"

These racks tthq be use./
'gongs"
f onnerting
strips, and are available
with or without tttt vre,

I:(re,
,
u,
u
s
s;

70 " a19
77 " 19"
70 " x30"

**ER-225 SERIES RACKS ** ER-215 SERIES RACKS
(
16 1
/
4
"
F
(18" Deep Rocks)

Cat.
No.

ER-223
ER-225
ER-227

gJeer,,il
11intensiOnS

43 1/
4" 22" a18"
67 3
4 " 22"a 18"
/
83 1/
2"a22" x18"

Deep Rocks)

Panel
Spvuce

3634"a 19"
61 1/
4"x 19"
77 " x19"

Cal
No.

ER-2I3
ER-2I5
ER-217

()shoran
Dintensi tttt s

Panel
Space

8318

42 " 22" x16 1
4 " 36 34" x19"
/
66 1
/ "a 22"x 16 1
4
4 " 61 1
/
/ "x 19"
4
82 1/
4" 22" x16 1
4 " 77 " a19"
/

(Single asterisk) denotes those racks in which Black Ripple Enamel Finish
is standard. Grey Ripple Enamel Finish is optional at no extra charge if
requested with your order.
•• ( Double asterisk) denotes those racks in which Grey Ripple Enamel Finish is
standard. Black Ripple Enamel Finish is optional at no extra charge if requested with
your order.

PAR-METAL PRODUCTS CORP.
32-62 49th Street, Long Island City 3, N. Y.
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EXPORT DEPT.
ROCKE INT. CORP.
13 E.
40 Street

New York

16, N. Y.

Learn Code the EASY Way
Beginners, Amateurs and Experts alike recommend the
INSTRUCTOGRAPH, to learn code
and increase speed.

MACHINES

FOR

RENT

OR

SALE

Learning the INSTRUCTOGRAPH way
will give you a decided advantage in
qualifying for Amateur or Commercial examinations, and to increase your words per
minute to the standard of an expert. The
Government uses a machine in giving
examinations.
Motor with adjustable speed and spacing
of characters on tapes permit a speed range
of from 3 to 40 words per minute. A large
variety of tapes are available — elementary, words, messages, plain language and
coded groups. Also an Airways' .series for
those interested in Aviation.
MAY BE PURCHASED OR RENTED
The INSTRUCTOGRAPH is made in several models to suit your purse and all may
be purchased on convenient monthly payments if desired. These machines may also
be rented on very reasonable terms and if
when renting should you decide to buy the
equipment the first three months rental
may be applied in full on the purchase
price.
ACQUIRING THE CODE
It is a well-known fact that practice and
practice alone constitutes ninety per cent
of the entire effort necessary to - Acquire
the Code," or, in other words, learn telegraphy either wire or wireless. The Instructograph supplies this ninety per cent.
It takes the place of an expert operator in
teaching the student. It will send slowly at
first, and gradually faster and faster, until
one is just naturally copying the fastest
sending without conscious effort.

Diee iiiiiruciografft
ACCOMPLISHES THESE

PURPOSES:

FIRST: It teaches you to receive telegraph symbols,
BOOK OF INSTRUCTIONS
Other than the practice afforded by the
Instructograph, all that is required is well
directed practice instruction, and that is
just what the Instructograph's " Book of
Instructions .. does. It supplies the remaining ten per cent necessary to acquire the
code. It directs one how to practice to the
best advantage, and how to take advantage
of the few - short cuts .'known to experienced operators, that so materially assists
in acquiring the code in the quickest possible time. Therefore, the Instructograph.
the tapes, and the book of instructions is
everything needed to acquire the code as
well as it is possible to acquire it.

words and messages.
SECOND: It teaches you to send perfectly
THIRD: It increases your speed of sending and
receiving after you have learned the cade
With the Instructograph it is not necessary to impose
on your friends. It is always ready and waiting for you.
You are also free from Q.R.M. experienced in lister ing
through your receiver. This machine is just as valuable
to the licensed amateur for increasing his speed as to
the beginner who wishes to obtain his amateur license.

Postal Gard

WILL BRING FULL PARTICULARS
IMMEDIATELY

THE INSTRUCTOGRAPH CO.
4707 SHERIDAN ROAD

CHICAGO 40, I
LLINOI S

Representative for Canada— Canadian Marconi Co., P.O. Box 1690, Montreal, Quebec
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low cost
communications
receivers
poLi4LARti
moNivrAolo
available
with or without
squelch control

115- VOLT AC- DC

6- VOLT MOBILE

COVERS...
FM Emergency 30-50 and
152-174 MC— AM Aircraft 108-149 MC
Polic-alarm and Monitoradio—low priced
receivers, quality built for use throughout the
entire 2- way FM radio communications
band and AM aircraft band. A model for every
need—aircraft, city and state police, sheriffs,
fire, pipeline, forestry, industry, taxi—Polic-alarm
and Monitoradio are invaluable to vital
communications systems expansion and
development— all units are available with or
without squelch quieting.

for complete information:

See your Jobber—or write us today.

RADIO APPARATUS CORPORATION
55

NORTH

NEW

JERSEY

STREET •

INDIANAPOLIS

4,

INDIANA •

PHONE:

ATLANTIC

1624

BURT0fi BROWN ADVERTIS.NG
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NOVICE YOU NEED THIS
AMATEUR
ENGINEER
„,.

A

Write today for your FREE copy
of

this great new
book that
gives you complete details, pictures, and lowest prices on:

Amateur Radio
Antennas
Audio Amplifiers
Audio Furniture
Batteries
Books
Capacitors
Chassis, Racks,
and Panels
Chokes
Clips
Connectors
Counter tubes
Crystals
Dials and Knobs
Electric Tools
Fuses
Hand Tools
Headphones
Hi -Fi Speakers
Inductances
Insulation
Insulators
Intercoms
Loud Speakers
Microphones
Music Systems
Noise Filters
P. A. Equipment

Phono Needles
Phono Pickups
Pilot Lights
Plugs and .1
Power Supp
Radio Hardw
Radio Sets
Rodio Tuners
Receiving Tubes
Record Change
Rectifiers
Relays
Resistors

192 PAGE
ALL NEW

Sockets
Soldering Equipment
Special-purpose Tubes
Switches
Tape, Wire, Discs
Tape Recorders
Telegraph Keys
Terminals
Test Equipment
Transformers
Turntables
TV Replacements
TV sets
Vibrators

radio shack

Voltage Controls
Wire

ORDER

RADIO SHACK
CORPORATION

167 Washington St., Boston 8, Mass.

CATALOG

Please send me your new ratalog No. 52-A.
Name
Street
City

Zone
State
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Turner Microphones are designed to outperform and
outlast under the most severe service conditions. Compare. Then buy Turner — the best value on the market
for your money. Write for literature.

Model 22X- 22D
Crystal or Dynamic

Model U9S Dynamic
4 impedances at
your fingertips

The Model 60X High output,
low priced crystal desk and hand
microphone for economical recording, sound systems, amateur broadcast, etc.

not
The "Aristocrat" Model 50D
World's finest dynamic.
Laboratory Calibrated.
For AM, FM, and TV

Model 9X-9D
Crystal or Dynamic

Model 33X- 33D
Crystal or Dynamic

Model 99
Dynamic

IN CANADA:
Canadian Marconi Company, Toronto, Ontario
EXPORT:
Ad. Auriema, Inc., 89 Broad Street,
New York 4, N. Y.

Model 25X-25D
Crystal or Dynamic

Model 20X Crystal

THE

TURNER

COMPANY

931 17th Street N.E., Cedar Rapids, Iowa

•

Crystals licensed under patents of
the Brush Development Company

peo

haa ecie"e

50'4
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A Complete Lino of Vibrators . . .
Designed for Use in Standard Vibrator- Operated Auto
Rodio Receivers. Built with Precision Construction, featuring
Ceramic Stack Spacers for Longer Lasting Life.

New 34 page
VIBRATOR
GUIDE

Backed by more than 17 years of experience in Vibrator
Design, Development, and Manufacturing--

FREE

ATR PIONEERED IN THE VIBRATOR FIELD.

STANDARD AND
HEAVY DUTY

New Models

New Models

I
N
For Inverting D. C.

to A. C. . . .

Specially Designed for operating A. C.
Radios, Television Sets, Amplifiers, Address Systems, and Radio Test Equipment from D. C. Voltages in Vehicles.
Ships, Trains, Planes and in D.C. Districts.

"A" BATTERY
ELIMINATORS

NEW MODELS
'NEW DESIGNS
NEW
LITERATURE
See qw‘v /deer
‘v.ae

ea.,

AMERICAN T
ELEVISION & RADIO CO.
quelitg Pe Se«ce, 1931
SAINT

PAUL

1,

For DEMONSTRATING AND TESTING
AUTO RADIOS
New Models . Designed for Testing
D. C. Electrical Apparatus on Regular
A. C. Lines. Equipped with Full- Wave
Dry Disc Type Rectifier, Assuring Noiseless, Interference- Free Operation and
Extreme Long Life and Reliability.

MINNESOTA—U.S.A.
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AX4-125-A

AX9903

AX4-250-A

ÁMP,ENEE
3B
28

g

elt1VeS

f
OR ALL
COMMUNICATIONS REQUIREMENTS

889-RA
Better- Built for Dependable

Performance and Operating Economy!
Specialists in electronic tube design and construction,
our over-all laboratory facilities for the design and
production are recognized as outstanding.
AMPEREX Tubes are designed, not only for all phases
of communications, but for application in all fields

813

833-A
I

where electronic equipments are used — induerial,
radiation, electromedical ... etc....to assure yourself
of unvarying performance and more all-around-value
for your money — be sure to specify AMPEREX.

VC25

CD23313

re- tube with

128

100-C
AMPEREX

4-E

AMPEREX ELECTRONIC CORP.
25 WASHINGTON STREET, BROOKLYN 1, N Y.

In Canada and Newfoundland: Rogers Majestic L:mited
Brentcliffe Road, Leaside, Toronto, Ontario, Canada

11-19

CAPACITORS
Fl. ( fabricated plate) ami
other .
1
r' el.-rtrol st ies,
Plascap'r plastie tubulars,
ceratuic trimmers, disc
ceranrics

CONTROLS
Midgetrol. ,... joule and dual
concentric...m.1ton controls,
wire wound controls

POWER RHEOSTATS
50 to 500 Watt

REC7IFIERS
Magnesium copper sulfide
and selenium rectifier
stark, rectifier power
supplies

RESIST ORS
Fixed and adjustable
vitreous enamel types

Make Sure...
Make It MALLORY
ou can count on Mallory Approved Precision
Products for long, trouble-free performance.
They are backed by years of skilled design and
manufacturing experience.
Mallory also offers you awealth of helpful, up-to-date
literature and advice on your technical problems.
Call on your Mallory distributor whenever you
need parts or information. lIe is ready to serve you.

SWITCHES
Circuit selector and
"liantliand" switches,
jacks and plugs

MALLORY

VARIABLE
INDUCTANCE
TUNERS
VIBRATORS
Vatrators and Vibrapaekl9 power supplies

SERVING INDUSTRY WITH THESE PRODUCTS.

Resistors, Switches, Telecision 7'uners,Vibrators
Capacitors, Rectifiers, Mercury Dry Batteries
Contacts, Special Metals, Welding Materials

mechanical •
Electrochemical •
Metallurgical

•

P. R. MALLORY & CO.,

rtlf..,

INDIANAPOLIS 6, INDIANA
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Over

NEW. .

50,000 SERYICEMElf must

be righ4

give you Laboratory Precision

Instruments and

New

KITS

at lowest Cof2t ig
New

5" PUSH-PULL OSCILLOSCOPE

All- new laboratory- precision scope w th all the extra
sensitivity and response for precise servicing of TV, FM &
AM sets. Push-pull undistorted vertical and horizontal
amplifiers. Boosted sensitivity, .05 to . 1 rrns volts/inch.
Useful to 2.5 MC. TV-type multivibrotec sweep circuits,
15 cps- 75 KC. 2-axis intensity modulation feature. Dual
positioning controls move trace anywher- on screen. Complete with 2-615, 3-65N7, 2.5T3, 5BP1 CRT. 3-color etched
rubproof panel; steel case. 115 v., 60 cycle AC.
111Vs e 17 o 13.

Model 22I- K, KIT, only 425.95

Model 425-K, KIT, only $ 44.95

Mee, ea Moo r wife. SreeS

New

VACUUM TUBE VOLTMETER

Laboratory-precision VTVM for trigger-fast operation and
lifetime service. 15 different ranges. Large 41
2 " meter,
/
con't.burn-out circuit. New zero center for TV IL FM dis.
criminotor alignment. Electronic AC 8. DC ranges: 0-5,
10, 100, 500, 1000 v. ( 30,000 volts & 200 MC with
HVP.1 & P-75 probes). Ohmmeter ranges, . 2ohms to 1000
megs. DB scale. New stable double- triode balanced
bridge circuit-extreme accuracy. 26 megs DC input impedance. 3-color etched rubproof panel; steel case.
115 v., 60 cycle AC. 9-7/16
6n 5".
Model 271. loop,

14.,5

New SWEEP

TUBE TESTER

GENERATOR

Covers all TV- FM alignment frequencies, MO KC -2213
Vernier-driven dial: center of each of 13 TV channels nit
on front panel. Sweeproidth variable 0-30 MC with me
ical inductive sweep- permits gain tompac.scui of adj
RF TV channels. Crystal marker oscillator. variable c
Iode. Provides for injection of external marker. Phosinç
trot. Complete with HF tubes: 6)(501, 12AU7
2-6C4. Less crystal. 10 oR
6'4". 5 MC Crystal, ne.

Brand new professional tube teso-, and merchandiser EICO
Service- Engineered far unbeatable value! Large 41
2 " I
/
Lillvision meter. Tests conventional and TV tubes including
9-pin miniatures. New lever-action switches- tests every tube
element. Illuminated " Speed Roll-Chart." 2 grid caps. Short
and open-element tests Spare socket for new tubes. Protective overload bulb. Electronic rectifier. 3-color etched panel;
rugged steel cose. 115 y., 60 cycle AC. 12 1
2 a 91
/
2 a 4%".
/

Model 360-K, KIT, only $ 34.95

Medal 625-K, KIT, only $ 34.95

maw ,a., loclo, wire. Me 'SS

oserrri en teas, wied MO 03

New BATTERY ELIMINATOR,
CHARGER & BOOSTER

NOV

Pura CF.

oscillator supplies 400-cycle pure sine win'. i'oltaile.
modulated RF or pure AF for external testing. 115 n.. 60 cycle
AC. 10 s 8 o 4ki".

automatic reset overload device for secondary. Hammertone
steel cote. 115 y., 60 cycle AC. 10 1
2 • 7,
/
4a

Model 320-K, KIT, only $ 19.95

Model 1040-K, KIT, only $ 25.95

New

Model 320. lector, wired. 529 95

VOLT-OHM-MILUAMMETER

DELUXE SIGNAL GENERATOR

A Iaboratory.precision generator EICO Service-Engi

SIGNAL GENERATOR

for FM-AM precision alignment and TV marker frequencies.
Vernier Tuning Condenser. Highly stable RF oscillator, range:
150 KC- IO2 MC with fundomentols to 34 MC. Separate audio

For all auto radio testing. latest.type full.wove bridge circuit,
4-stack rnangonese copper-oxide rectifiers. Specially designed
transformer, variable from 0 to 15 volt, Cordinuousi 5.8 v.,
10 amps. Intermittent: 20 amps. 10,000 tad filter condenser.
Meter as
d robogo output.
used primary;

d with

1% accuracy. Extremely stable. frequency 73 KC- I50 MC in
7 ca librat.drovges.11lumieatedhadtine eelcrt ,n11110. VR
stabilized line supply. 400-cycle pure sine wove with lets then

Pocket-dze VOM croropocked w.th solve. 22 different ranges.
3" D'Arsonvol movement. Ring.type shunts. Gernionium crystal
rectifier. Ranges- DC: 0.5, 50, 230, 500, 2500 e AC & Output:
0-10, MO, 500. 1000 v. DC Me: 0.1. 10. 100. DC Am, 01,

10, Ohm: 0.500, 100,000, 0-1 Meg. DEI: - 8 to 4 55. 3-color

5% distortion. Tube complement: 6X5, 7F7, 6C4, VR.130. 3color etched panel; rugged steel case. 115 r.. 60 cycle AC.

etched pone', rugged hardwood cose. 8 • 41
2 • 3".
/

12 • 13 • 7".

Model 511 -K, KIT, only $ 14.95

Model 315-K, KIT, only $ 39.95

erodet 511. factory wired. 817 95

Model 315. (odor, wired. 359 95

MULTI-SIGNAL TRACER
Highest gain ved flexibility in low-cost field.
Audibly notes all IF, RF, Video and Audio from
ANT to SRICR or CRT without switching. Response
well over 200 MC. Integrol test speaker. erovisloe for visual tracing with VTVM. Complete
with

6527,

RFPROBE

606. 6X5. Germanium crystal diode.

3-color etched panel; rugged steel case. 115 r.,
60 cycle AC. 10 o 8 • ek".

HIGH VOLTAGE PROBE

Sensitive Getrnonium crystol probe for signal tracing and meosurernents to over 200

New professional EICO-engineered HV probe corefally de
and insulated for e.t.a safety ono eeeee tility. Exteeds to

MC. Extends ronge of VTVMs and scopes.

VTV/As and voltmeters up to 30,000 r. Lucite head. Large
{words. Mullidoyer processed handle. Complete with- . riterc

e-751( KIT, for VTVM;
P- 76K for Scope; ea. $ 3.75

Model 145 -K, KIT, only $ 19.95

9.75 or 9.76, factory wired. en. 55.95

wee trs. Moor area. fa OS

able ceramic Multiplier to match your instrument

FIVP-1 ( wired) only $ 6.95

Due f
o unsettled conditions, prices and specifications are subject to change without notice.

-7EiCe-7SUPER-PMPLIFIED

INSTRUCTIONS

Easy- to- follow step-by-step EICO pictorial and
schematic instructions- most explicit and comprehensive in electronics!- supplied with each
Kit. Anyone can build the EICO Kits!

ét"-t

•

the exclusive EICO Make- Good GUARANTEE
foal EICO Kit and Instrument is doubly guaronteed, by EICO
and your jobber, to contoin only selected quality components.
EICO guarantees to replace any component which might become defective in normal use if returned to the factory trans.
portation charges pro- paid within 90 days of purchase. EICO
guarantees all Kits ossternbled according to EICO's simplified
instructions will operate as specified therein. EICO guarantees

ELECTRONIC INSTRUMENT CO., Inc.

uryke and calibration of every EICO Kit and Instrument ot

the nominal charge as stated in the instructions.

176 NEWPORT STREET, BROOKLYN 11, N. Y.
eese,

Be sure to look at
EICO line before yi
buy any higher- mil
equipment! Each I
product is ,Ian-pal
with unbelievable
YOU be the judgecompare EICO at
local jobber today
SAVE! Write NOW
free newest Cate
Pokes 5% lugher on Wes

Distributorr o
85

Rate° dr. Electronic Equipment

CORTLANDT

STREET

NEW YORK 7, N. Y. Phone: WOrth 4-3311

WHEN YOU CALL CO-YOU'LL GET THROUGH"
WITH THESE DEPENDABLE SHURE MICROPHONES...
The " REX" Crystal
Microphone is a striking- looking, low-cost
hand-held microphone.
Fits snugly in the hand,
sits firmly on adesk, or
can be placed on a
stand. Recommended
where good quality
speech reproduction is
required and low-cost
is an important factor.
With stand adapter.
Model 710A

List Price $ 10.95

Model 7105 . (with switch)

List Price $ 12.95

The " DISPATCHER"
is a Controlled Reluctance Microphone dispatching unit that handles the most severe field
requirements of amateur
rigs, paging and dispatching systems. Supplied with 3-conductor
shielded cable, and is
wired to operate both
microphone and relay
circuits.
Model 5205L-7 17 cable)

List Price $ 35.00

The multi- impedance
"UNIDYNE" is a high
quality Super-Cardioid
Dynamic Microphone
for hams whose rigs
must provide dependable performance even
under difficult conditions. Reduces random
noise pickup by 73%.
Model 55

List

Price $ 72.50

The "HERCULES" Controlled Reluctance Microphone provides clear
reproduction, high
speech intelligibility,
high output and ruggedness at an amaz:ngly
low price! Can be used
indoors or outdoors—
fits in the hand, sits
firmly on a desk, can
be placed on a stand.
(With stand adapter.)
Model 510C
Model 5105 .

List Price $ 15.00
(
with switch)

. List Price $ 17.00

The " SONO DYN E",
a high-output dynamic
microphone with widerange frequency response. Has moving
coil unit. Features a
Multi- Impedance
switch. A rugged unit
with high sensitivity, yet
perfect for Hams in
high temperature and
high humidity locations.
List Price $ 45 00

Model 51

The"MONOPL EX",
the only super-cardioid
crystal microphone. Has
high-output, wide- range
frequency response. Perfect for Hams who
want the extra " push"
that insures a " strong"
voice. Features high.
quality performance at
low cost.

goer
/Igno
r e
/tins
z

¡tune
MOP

List Price $ 39.75

Model 737A

Other SHURE Mic ophones and Phonograph Pickups are illustrated

in the new SHURE Catalogs. Write for catalogs No. 35 and 38.
Shore Brothers and Iloroseel 'Ass the Potrots of the Brush Derelopment Company

tillt%0110

4119 >i
)
l'1011111111)1Ctilli'
e;.
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SHURE BROTHERS,
Microphones

and

Acoustic

Devices

225 W. Huron St., Chicago 10, III.
Cable Address: SHUREMICRO

INC.

Where Dependability counts
Use * MINUTE/
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'DIVIDOHM'
ADJUSTABLE RESISTORS

DUMMY
ANTENNA
-F. CHOKES

"MEE DEVIL'
COMPOSITION
RESISTORS

.11TREOHM" PRECISION RESISTORS'

TAP SWITCHES •

FIXED RESISTORS

RHEOSTATS
ently

smooth,

lied

dose

control. All- ceramic vitreous enameled: 25, 50, 75, 100, 150, 225, :100,

and

protected

ay

in

vitreous

t rotary

pf

eeamel.

Stock sizes- 25, SO, 1013, 160. crc 200

selec-

tors for cl c use. All ceram c. Selfcleaning silver- to- silver contacts. Rat-

wa ts• values 1 to 250.000 ohms.

ed at 10, 15, 25, 50, and 100 ampere,.
-

Sturdy, wire- wound, vitreous-ermmeled resistors for voltage dropping,

Vitreous

adjust-

Three types avalable, vdreous-enan--

ab ,e to the -clue fleeced. Aci¡ustoble

eled, vacuum- impregnated, Cr glass -

bias units, bleeders, etc. In 5, 10, and
20- watt sizes; values from 0.4 to

lugs can be orachec for '
multi tap
res.-sties and voltage divider.. Sizes

sealed. Tolerance ±-1%, in 1
2
/
and
1- watt sizes, frem 0.1 to 2,000,000

100,000 ohms.

10 to 200 watts, to 100,000 ohms.

ohms.

.500

750

and

1000-watt sizes.

enameled.

Ovickry

_F. CHOKES
my, mo aed, composition restitcrs—
each
marked with resistance and
wattage— 1/
2 , 1,
and 2- watt s,zes,
-4:10% or ± 5% tol. 10 Ohms tc 22

coating. Seven .foci sizes, I to 520
mc Two un Is rated 600 me, others
1000 ma.

megoh

Write for
Stock
Catalog

tegeedee-

Sing e- oyer-wound
an
low power
factor
cores,
with
moisture- proof

niese rugge , vt

ed units

are
practically
ronreacive
withii
their recommended frequency range.
In 100 and 250-watt size , 52 to 600
ohms, ± 5%.

OHMITE MANUFACTURING COMPANY
4822 Flournoy St., Chicago 44, IlIinoi

Ve Zi9de wed

RHEOSTATS • RESISTORS • TAP SWITCHES • CHOKES

MATTERS OF FACT
* After Yalta our nation, following
the traditional pattern, disarmed and
disposed of vast quantities of military
goods. These included special military pieces of electronic test equipment made to standard design by many
different companies during the last
war. The actual disposition was accomplished in many ways — primarily
through War Assets, direct government sales at military locations and
through termination of government
contracts.
Once again our peace is threatened
and we are looking to our defenses.
Many of the pieces bearing the nomenclature TS, I, IE, BC, etc. are once
again in demand. Government stocks
of this material are very low and, in
most instances, the Government is not
able to provide present day contractors
with the equipment necessary to comply with production contracts. The
Government knows this and is placing
new orders for larger quantities of
more recently designed test equipment.
There is that lag, however, existing
between the date of issuance of the
order and the time of actual delivery
which we are trying to overcome.

2eeeteteet .Ziadazeteree4

To the countless hams and industries who purchased TS equipment
and/or other desirable communications gear in the belief that at one time
they would use it, and who have not
had the opportunity to properly derive
full value from their purchases, Weston Laboratories now appeals so that
we can purchase this material.
We are processors of this equipment and not entrepreneurs. As equipment is received, it is carefully checked
out, re- built when necessary, and
standardized and calibrated with the
most modern facilities possible. As a
result we offer American industry a
definite service not easily obtained
elsewhere.
Please help yourself to help us to
help American industry and forward
your list for prompt attention. Given
below is the type material in which
we are interested:
LAE

TS33

TS117

TS239

LAF

TS33A

TS120

TS263

LAG

TS34/AP

TS125

TS268

1208

TS34A/AP

TS155A/AP

TS270A

1222

T535

TS155B/AP

TS323

TS3/AP

TS36

TS173/UR

TSK-4SE

TS12

TS47APR

TS174

TSS-4SE

TS13

TS100

TS175

TSX-4SE

TS14

TS111CP

T5195

ELECTRONIC
WESTON

134

93,

ENGINEEPS

MASSACHUSETTS

OP CHOICE

FOR

v

YEARS

aecey
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O NLY Bliley offers the famous CCO-2A
crystal controlled oscillator for 2-6-10-1 l
meters. Direct output on 6-10-11 meters.
Use Bliley type AX2 20 meter crystal
for top performance on

10-11

meters;

Bliley type AX3 for 6 and 2 meter
operation. The ideal nucleus for your
new equipment.

BLILEY

MILITARY

COMMERCIAL
ir

TYPES

TYPE BH6A
RANGE:

1.4 - 75.0
CR18;27;CR19;
CR23;
CRCR28;
CR32;
CR33;
CR35; CR36

LILEY
AX2

Inc

Supplied
type

per Mil

when

specified.

ir TYPE

MC9

RANGE:
1.0 - 10.0 mC

5;10 CR 6;
CR8: CRCRSupplied
type

Als

AX3

LILEY Tr'FF.

BLILEY TYPE

CC0.2A

BLILEY TYPE AX2
Bliley Type

Supplied Tolerance
kc

AX2
AX2
AX2
AX2
AX2
AX2
Calibrated to ± .

±1
±2
±2
±30
±30
±30
002' ; .

{1878
1803 -- 1897
1822
1903 - 1922
1978 - 1997
3500
7000 -- 3999
7425
12500
13480 -- 13500
13615
14000 - 14850
.
0002',;

Drift less than

per

Supplied Tolerance

AX3
AX3
CCO-2A.

CR 1A

TYPE AR23W

C.

15;30CRI6;
CR29;CRCRSupplied
type

per Mil
when

specified.

24000 - 24333
25000 - 25500
.
0002,;

kc,

per Mil
when

RANGE: 0.080 0.19999 MC

Range

±5
±5
003' , .

when

specified.

Supplied
type
specified.

BLILEY TYPE AX3
Bliley Type

per Mil

TYPE SR5A
RANGE:
2.0 - 15.0 mC

Range
kc;

kc,

TYPE BH7A
RANGE:
15.0 - 50.0 MC

Specially designed third overtone crystal produced for the Bliley
Calibrated to ± .
Drift less than
per ' C.

CR 24

Supplied
type
specified.

per Mil
when

FOR PRECISION REFERENCE AT 100 KC

4\•
‘e•l

lype BCS- IA maintains
frequency better than two
parts in 10,00(1,000 for any
24 hour period. An outstanding
instrument utilizing special purpose
crystal and circuitry. Furnished with
rack - panel or cabinet. A allahll• %, It h
1000 kc crystal on special order.

BLILEY TYPE KS - MODEL IA

UNION

STATION

BUILDING

•

ERIE,

AND

PENNSYLVANIA

VILE

"Supreme By Comparison"
for
TWENTY -FIVE YEARS

AUDIO GENERATOR

COMPOSITE VIDEO GENERATOR
The S
UPREME synch..... izing

and test pattern generator for testing and servicing
television sets when the station pattern is
off the air. Delivers the Comeosrm video
signal with all sync, blanking, and equalizing pulses in the proper sequence to lock
the raster into a (raine of two interlaced
fields. ( This instrument should not be
confused with the " cross- hatch" or
"linearity pattern" type units.) In addition to its synchronizing function, it has
a built in VIDEO (
picture signal) generator
which produces a pattern of precision
spaced dots. Pattern can be turned on or
off without affecting the synchronization.
For additional information request catalog sheet AR- 2665.

MULTI -METERS
SUPREME

Volt- Ohm- M 11hto

fit

and budget. Large
types with

meter
1000

or 20,000 ohms/

volt

sensitivity.

Request

catalog

sheet AR- 2640.

V.T.V.M. SET TESTER
SUPREME Electronic Set Tester is the fl-e-

fermi vacuum
tube voltohmmet er
among technicians and
engineers. Full
details on
Model 574
(illustrated)
available by
req nesting
catalog sheet
AR- 2574.

requests

for

a practical
audio oscillator

of

the

beat frequency
type. Convenient size and rugged

con-

struction for portability. Quality materials
and
workmanship
for
dependability.
Quantity production for a budget price
Request catalog sheet .\ R-26>10.

Supreme has a m.,st complete
group of signal sources for testing
and aligning radio and television
sets including high fidelity sound
amplifiers. AF and RF generators
available as separate units or in
combination. Supreme Television
generators can be externally modulated with composite video signal.
Fin- additional data request catalog sheet AR- 2666.

INDICATING

TUBE AND SET TESTERS

INSTRUMENTS

Dependable, held tested, time proven tube test
circuit with design flexibility features to minimize
obsolescence. SUPREME Tube and Battery Testers
are available as separate units or in combination
with selected multi- meter functions. All models
equipped with roll
chart. Deluxe models
with 7" meters, standard models with smaller
meters. Tube setting
data on new tube types
supplied free for first
year to registered
owners. Request catalog sheet AR- 2616 for
additional information.

SUPREME

quality me-

ters feature efficient
Alnico Bar Magnet,
Double Bridge construction, Selected
Pivots and Jewels.
\Vide selection of stock
models. Request catalog sheet AR- 2400.
Special dials designed
1"or end equipment use.

WRITE FOR ADDITIONAL
DATA

a

AF , RF , AND TV
SIGNAL GENERATORS

(PANEL METERS)

gnquiries 9nvited

to

multitude of

SIeni,:nri oscilloscopes are years allead
in operation and design. Model (i60
illustrated) has virtually flat frequency
lusponse from 5 cycles to 5 megacycles
making it the ideal instrument for
checking video and high fidelity audio
circuits. Shipped complete with professional type probe, filter screen, and
frequency compensated attenuator. For
additional data on all Supreme oscilloscopes request catalog sheet AR- 2660.

most every need
and small

answer

GENERAL PURPOSE
& WIDE RANGE
OSCILLOSCOPES

makes

amnleters

S UPREME'S

IN ADDITION to the standard models shown above, Supreme builds special purpose test equipment and panel meters
for industrial organizations and government services. During the past quarter- century Supreme Instruments have
been the choice of Engineers, Technicians and Amateurs in the ever expanding electronic industry. For a prompt reply,
ADDRESS your inquiry to Supreme. Inc., 1752 Carrollton Avenue, Greenwood, Mississippi, U. S. A.

THERE'S AN

&ILLINOIS

110

ELECTROLYTIC CAPACITOR OF

7eeite 7eeted 2&t€,

FOR EVERY ELECTRONIC APPLICATION

Seventeen years of successful production experience, making millions of quality capacitors, has
created this complete, outstanding line.

This engineering and manufacturing experience has enabled ILLINOIS
CONDENSER COMPANY to meet every demand for new capacitor
types, whether for peace or defense applications, with components
of exceptional value and dependability.
Illustrated are but afew of the many capacitor types now manufactured
by ILLINOIS CONDENSER. There is aguaranteed ILLINOIS Condenst.- for every electronic application. Whatever yo
specify IL:HOIS CONDENSER. Benef4 b the
endideg
and manufact,..,
cxoerience behin
:e
of "Time
Tested (Duality".

0,j or

IFIT This popular pigtail type in
aluminum can features internal riveted
construction that assures immunity to
shock and vibration. Available with
or without outer cardboard insulating
sleeve, with brasstinned wire leads
or solder lugs in capacity ranges from
1 to 2,000 MID and From 3 to 700
W V.D.C.

lariBathtub) Developed for military, fixed and portable communication equipment. Has hermetically
sealed, drawn metal case with corro.
sien resistant finish. Will stand shock
and vibration. Fully meets government JAN specifications. Available
in any capacity range required and
from 25 to 600 W.V.D.C.

114C Ideal for replacement or wiginal equipment, this type has flexible
wire leads, is sealed with high temperature compound, has electrolytic
grade cardboard tubes and has radial
or tangential clamps attached. Supplied in common negative, four section types or dual negatives with
separate cathodes. Available in capacity ranges from 25 to 250 MID and
horn 5 to 500 W.V.D.C.

PE For use in all communication
equipment, fixed and mobile. Plug-in
octal base, hermetically sealed. Features new molded through pin design.
Available in types to meet all government JAN specifications.

Ltil Has screw neck type mounting,
extruded aluminum cans and is available in 1" to 11/
1"diameters. Capacity
ranges from 8 to 80 MFD and from
450 to 600 W.V.D.C.
UNIP Ideal for communication,
radio and TV. Standard twist prong
mounting. Uses recently developed
molded capacitor construction and
will operate efficiently under wide
temperature ranges. Remains stable
order all operating conditions. Available in capacity ranges from 40 to
3 000 MID and from 10 to 525

1
F

UNIT

Specifically designed for use
in high quality equipment. Complete
line meets • Il government JAN specifications. Hermetically sealed, shock
resistant. Newly designed molded
capacitor design and terminal construction.
UMS Invaded screw mounting,
hermetically sealed. Entire line fully
meets all government JAN specifications.
UNIC Popular for use in telephone
equipment, power factor correction
voltage stabilization, high current energy sources, motor starting and other
types of phase shifting networks.
Available in capacity ranges up to
10,000 MID and from 5 to 500
W.V.D.C.

EXPORT DEPT., 15 MOORE ST., NEW YORK 4, N. Y.
CABLE " MINTWORilr.

5.- I ILLINOIS CONDENSER CO.
- 1616 N. THROOP ST., CHICAGO 20, ILLINOIS
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Choose YOUR New Semi- Automatic Key
From This FAMOUS VIBROPLEX Family

VIBROPLEX

Twice as Easy
as Hand Sending

AMAZING NEW
Super DeLuxe Model

PRESENTATION
With all these great new features
Jewel Movement—Assures a
smooth. easy action, easier operation
and longer life
Super- Speed Control Mainspring
— Speed range from dead slow to
lightning fast. No extra weights
needed for slow speed
Touch Control — Instant adjustment to suit any hand
Extra Large Contacts — DIE CUT
for perfect alignment and clearer
signals
Sure- Grip Finger and Thumb Piece
— Aids in developing a good sending
style
Fingertip Circuit Closer — Open
and close circuit without moving
fingers from operating position
Hold- Fast Rubber Feet — Hold key
stationary. Prevent sliding

Key to
Easy Sending
Above: Vibroplex Super DeLuxe Presentation with 24-K goldplated base top, polished chromium parts, colorful
red switch- knob, finger and thumb piece

The Original — This famous key has won
world-wide acclaim for signal perfection, operating ease and all around sending satisfaction,
by thousands of the world's finest operators.
Built for long life and hard usage, with a range
of speed for every operating need. Standard
— Black crystal base, polished chromium
parts
$17.95
DeLuxe — Polished chromium base and parts,
red trim, jewel movement
$22.50

$29.95

The Lightning Bug — IMPROVED DESIGN! Modestly
priced! Incorporates many exclusive features which add greatly to
easier, better sending, including a
fiat vibrating lever, adjustable dot
contact spring, bridged damper
frame and many others. Maintains clear, snappy signals. A popular choice. Standard — Black
crystal base, polished chromium
parts
$15.95
DeLuxe — Polished chromium
base and parts, red trim, jewel
movement
$21.50
Vibroplex Carrying Case — Keeps key
like new! Finished in handsome simulated
black morocco. Cloth-lined.
Reinforced
corners add to its durability and attractiveness. Flexible leather handle. Keeps key
free from dust, dirt and moisture, and insures safe- keeping when not in use. With
lock and key

.$5.75

Announcinu the NEW SPI- CIAL ENLARGED Edition
of the

The Blue Racer — Small. Compact. Built like
the Original but only half the size, with the same
signal quality and ease of operation for which
that key is famous. Weight 2lbs. 8oz. Occupies
small space. Ideally suited to radio requirements. Thousands in use. Standard — Black
crystal base, polished chromium parts s17 .95
DeLuxe — Polished chromium base and parts,
red trim, jewel movement
S22.50
All Vibroplex keys are available for
left-hand operation, $ 1.00 more.

THE

PHILLIPS CODE

Radio Code Signals
International Morse
American Morse
Russian, Greek, Arabic,
Turkish and Japanese
Morse Codes
World Time Chart

VIBROPLEX

$2.00

Post Paid

United States Time Chart
Commercial " Z" Code
Aeronautical "Q" Code
Miscellaneous Abbreviations
Used on international wire,
submarine cable and radiotelegraph circuits

Avoid Imitations!
The " BUG" Trade Mark
identifies the
Genuine Vibroplex
Don't settle for a
substitute

No matter which Vibroplex key you
choose, you can be assured of the utmost in ease of operation and all around
keying satisfaction. If your dealer cannot supply you, ORDER DIRECT.

Price, subject to
cha nge without notice

Write for FREE catalog

CO.,

INc.,

833 Broadway, New York 3, N. Y.

W. W. ALBRIGHT, President
IF YOU TELEGRAPH YOU SHOULD USE A VIBROPLEX KEY
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Famous distributor of
electronics equipment...

NEWARK.

•

FOR THE AMATEUR
AND INDUSTRIAL USER
0
Famous For Service! Newark's fast — personalized" service
3.0
has long been the talk of the industry. Our tremendous stock
of radio, television, and electronics supplies has always enabled us to fill orders immediately . . . with no re-routing, no
delay in handling, even though Newark has expanded so
greatly in the past few years that outside warehouses have
had to be used to contain our complete lines of equipment. To
serve you even more efficiently in the future, we are moving,
lock, stock and barrel . . . to 223 West Madison Street early
in ' 52. Our new quarters, with more than double the floor
space of our present locations, will permit us to maintain
even larger stocks . . . and all under one roof!
Famous For
it, Newark
electronics
be first in

the Newest! When the manufacturer announces
has it! By keeping constantly abreast of new
developments, Newark has always managed to
stocking the new releases.

Famous For the Finest! Only tested products of nationallyknown manufacturers are carried, and all are doubly guaranteed by the RTMA warranty and Newark's own personal
pledge of satisfaction.
Famous For Ordering Ease! It's easy to order from Newark's
comprehensive catalogs . . . 160 pages of Amateur and industrial electronics equipment and supplies with all lines sectionalized and arranged in logical easy- to-find order. Be sure
of receiving all Newark catalogs and bargain bulletins by writing to Dept. H-132.
AFTER MAY 1ST, 1952, ADDRESS ALL
ORDERS TO 223 WEST MADISON STREET

Send for your FREE copy of
Newark's 160- page Catalog No. 51

EWARK.
ELECTRIC

323

WEST

MADISON

STREET

•

COMPANY

CHICAGO

6,

ILLINOIS
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WHY ShUnie

PANEL
METERS

They're RUGGED
They're NEAT
They're SENSITIVE.

Are Today's Best Value...

Sturdy construction throughout. Molded inner unit with coil frames
and insulators integral for maximum rigidity. Exceptionally high
ratio, torque- to-weight.
Dials are metal so they stay good looking in spite of age and moisture.
Rich telephone black finish on metal cases. Concealed coils and good
readable scales.
Accuracy well within 5%. AC meters are double-vane repulsion type;
most DC meters are polarized-vane solenoid type. High internal resistance voltmeters available in 'popular ranges.

They're GUARANTEED
They're INEXPENSIVE

The line is COMPLETE
They're AVAILABLE

For one year from date of purchase against defective workmanship
and material, and will be repaired or replaced if sent to the factory
postpaid with 25chandling charge.
For instance, Model 950, 0-100 DC Ma. sells for $ 1.60; Model 550,
0-10 DC Amps. for $ 1.45. Other meters are correspondingly reasonable in price. You get the benefit of low costs made possible by
quantity production.
All of these features are available in 323 ranges and types; AC, DC,
Voltmeters, Ammeters, Milliammeters, Resistance Meters. For instance, DC Milliammeters are made in 65 types and ranges.
Stocked by leading electronic distributors in a wide variety of types
and ranges. Some meters may occasionally be out of stock because
of defense production requirements. Authorized
distributors will be the first to get replacements.
•

Shim e
140

•

•

Latest Catalog Sheet F-56 gives approximate internal
resistances, some of which bave recently been modified
because of Government restrictions. Ask for your copy.
Shunte also makes pocket meters and testers. See your
distributor or write us direct.

SHURITE METERS •

Look for this disPlal

87 Hamilton Street, New Haven 8, Conn.

Ilb AR RISON

it *re

IS

GEARED
TO
TAKE THE LOAD...
ege dieeddee

Materiel shortages and delivery delays are
an overwhelming burden on today's busy
buyer — Industrial, and Ham. To Industry,
time means money. In the shack, faster
delivery means more (DSO time. Harrison
serves both!
No matter what you need in electronic
components or equipment — " HARRISON
HAS IT!" or gets it for you PDQ! With 27
years experience in giving fast and efficient
service we know all the ways to save you
time and money.
Phone BArclay 7 - 7777 FIRST —
or wire — or write.
You'll like doing business with us!
73 '

_

W2AVA
President

ARRISON
)RA DIO CORPORATION
225 GREENWICH STREET
NEW YORK 7, N.Y.

BArclay 7-7777
141
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295-T MULTI CHANNEL TRANSMITTER

• TRANSMITTERS
• RECEIVERS
• RADIOBEACONS
• AIRPORT TRAFFIC
CONTROL EQUIPMENT
• SIGNAL EQUIPMENT
• PACKAGED SYSTEMS

ERCO
ENGINEERING
mea ns

"EXPERIENCE AT WORK"

eWe present the 295-T transmitter for any communication application which requires dependable radiotelephone and telegraph service with provisions for
future expansion.

It will accommodate up to four

pretuned crystal controlled frequencies in the 2 to 20
MC range, any one of which can be instantly selected from the front panel. Power Output: 300 watts
telephone or telegraph.

32 -DA SINGLE CHANNEL RECEIVER

ERCO is principally engaged

in

the development and production of
communications equipment for particular applications.
Specialized knowledge and ability
is reflected
custom

in

built

government

the wide variety of
systems

agencies

designed
and

for

leading

commercial organizations throughout
the world.
Packaged systems developed

pro4uced for Y

and

ecific needs.

Literature Available

crystal stability together with selected components insure flexibility and years of uninterrupted performance.
Ideal for aeronautical ground stations, oil and mining
police

monitoring,

news

agencies,

etc.

Frequency Range: any frequency between 200 to 400
KC and 2 to 22 MC.

International Standard Electric Corporatio

ERCO

of continuous operation, tropical humidity and unattended service conditions. Plug in coils, and quartz

companies,

Foreign Representatives:
New Y

eThe 32 DA is ahigh quality telephone and telegraph
receiver designed to meet the exacting requirements

Also available as a 32-DA2 Dual Channel Receiver.

N• Y

RADIO

LABORATORIES,

INC.

GARDEN CITY
NEW YOiRK

"EL" XENON GAS- FILLED TUBES
RECTIFIERS

'1!
FULL WAVE RECTIFIER
EL IC
D.C. Output ( Amps.)
1.0
Peak Anode Current
4.0
Peak Inverse Volts
725
Filament Volts
2.5
Filament Amperes
6.0
Overall Length
51
/"
2

GRID

FULL WAVE RECTIFIER
EL 3C
D.C. Output (Amps.) .. 2.5
Peak Anode Current .. 10.0
Peak Inverse Volts .... 725
Filament Volts
2.5
Filament Amperes
11.5
Overall Length
7"

CONTROL

FULL WAVE RECTIFIER
EL 6C
D.C. Output ( Amps.)
6.4
Peak Anode Current
25.6
Peak Inverse Volts
725
Filament Volts
2.5
Filament Amperes
17.0
Overall Length
1½"

HALF WAVE RECTIFIER
EL 68 d EL 6F
D.C. Output (Amps.)
6.4
Peak Anode Current
40.0
Peak Inverse Volts
920
Filament Volts
2.5
Filament Amperes
21
Overall Length (68)
9"
Overall Length (6F) 81
/"
4
(Panel Mounting)

HALF WAVE RECTIFIER
EL 16F
D.C. Output (Amps.)
16.0
Peak Anode Current
96.0
Peak Inverse Volts
620
Filament Volts
2.5
Filament Amperes
36
Overall Length
15 5
/e"
(Panel Mounting)

EL C161
D.C. Output (Amps.)
16.0
Peak Anode Current 160.0
Peak Forward Volts
1000
Peak Inverse Volts
1250
Filament Volts
2.5
Filament Amperes
31.0
Overall Length
10"
(Panel Mounting)

Et ( 6t
D.C. Output (Amps.)
Peak Anode Current
Peak Forward Volts
Peak Inverse Volts
Filament Volts
Filament Amperes
Overall Length

RECTIFIERS

(THYRATRONS)

EL C1K
D.C. Output (Amps.)
Peak Anode Current
Peak Forward Volts
Peak Inverse Volts
Filament Volts
Filament Amperes
Overall Length

1.0
8.0
1000
1250
2.5
6.3
41
/"
4

EL C31
D.C. Output (Amps.)
Peak Anode Current
Peak Forward Volts
Peak Inverse Volts
Filament Volts
Filament Amperes
Overall Length

2.5
30.0
750
1250
2.5
9.0
61/8 "

EL Ciii
D.C. Output ( Amps.)
Peak Anode Current
Peak Forward Volts
Peak Inverse Volts
Filament Volts
Filament Amperes
Overall Length

6.4
77.0
750
1250
2.5
21.0
9"

EL ( 18/A
D.C. Output (Amps.)
Peak Anode Current
Peak Forward Volts
Peak Inverse Volts
Filament Volts
Filament Amperes
Overall Length

1.0
8.0
750
1250
2.5
6.3
41
/"
2

EL ( WA
D.C. Output (Amps.)
Peak Anode Current
Peak Forward Volts
Peak Inverse Volts
Filament Volts
Filament Amperes
Overall Length

2.5
30.0
1000
1250
2.5
9.0
61
/"
4

EL C61/A
D.C. Output (Amps.)
Peak Anode Current
Peak Forward Volts
Peak Inverse Volts
Filament Volts
Filament Amperes
Overall Length

6.4
77.0
1000
1250
2.5
21.0
9"

6.4
77.0
2000
4000
2.5
24.0

11"

ENGINEERING MANUAL 8.
CATALOG WILL BE SENT AT
YOUR REQUEST
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S JE C
•Red
Label
Irons

ci

These are the irons that are used so universally in factory production lines. They are light weight, finely balanced,
and have the coolest handles of any irons on the market. Elements are mounted and held in place with a knur'ed
nut which engages the back end of the element and seats against the shoulder of the case shell, holding the element
firmly in place regardless of the most rugged use. They are ideal from a maintenance standpoint for, due to their
two piece combination terminal and handle, elements are replaceable in three minutes or less. The only iron on the
market designed for use with or without a ground wire.
Irons are normally supplied in four wattages. They are obtainable, when required in quantity, in special wattages
at no extra cost. Standard voltages are 105-120 and 220-240. Special voltages may be had. List prices of irons
are as follows: No. 38-100 watt $7.65, No. 58-200 watt $9.85, No. 78-300 watt $12.05 and No.
98-550 watt $14.25. The iron illustrated is the No. 38 and is 1
4
/
actual size.

•No. 61 Pencil Iron
This pencil iron is only seven inches in length and weighs just 21
2
/
ounces exclusive of cord. The handle temperature at the point where it is held in the
fingers, is actually no higher than body temperature. Diameter of handle is
/ " and may be used as a pencil for the most delicate soldering operations.
4
1
The element construction is of the same type as used in ESICO industrial irons
and will give long service. The tip is the so-called plug type, held in place with
a set screw. Three shapes of tips are available, Type B- 1
4 " dia, pyramid
/
point, Type A- 1
4 " dia, straight pencil point and Type C- 1
/
4 " dia. bent 90
/
degrees with a pencil point.
The No. 61 is regularly wound to 25 watts at 105-120 volts, but may be
had in higher wattages, when required in quantities at no extra cost. List price
of iron is $ 5.45. Tips A, B, or C 40c each list. Irons are available thru any of
the better tool or Radio & Electronic Supply houses. If your distributor can not
supply you from stock, send your order direct to us, but please be sure and
give name of your distributor.

•SOLDER POTS
Ruggedly constructed cast iron pots, with easily replaceable & erne-.
Model No. 12- 1
4
/
lb. cap. 200 watt. Net
Model No. 36-2 1
/
4 lbs. cap. 250 watt. Net
Model No. 60-3 1
4
/
lbs. cap. 325 watt. Net

$4.93
$ 6.05
$7.15

•Temperature Control Stand
This control stand is thermostatically actuated by the tip temperature
of the iron. This is the only logical way to control the temperature of
a soldering iron, for there is too much lag between element and tip
temperature for the application of athermostat to the element, whether
in an iron or a control stand. Cat. No. 5, irons up to 1" dia. t;p; Cat. No. 6,
irons 1" to 11
/ " dia. tips. List price
4
$7.13

ELECTRIC SOLDERING IRON CO., Inc.
2552 WEST ELM STREET
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DEEP RIVER, CONN., U. S. A.

We—nave

e111.31

el.làlonters

Ask the fellows who deal with me. They'll tell you that WRL will
allow you more for your present equipment — that WRL's large volume of sales means faster turnover and greater savings. Our customers
know that we finance our own paper, eliminating all red tape. WRL
buys more equipment — WRL sells more equipment. We offer the
most personalized service anywhere. Deal With One of the World's
Largest Distributors of Amateur Radio Transmitting Equipment.
Special Attention Given to Foreign Orders Through our Special Export
Department. CABLE 11)DRESS WRL1.
Leo I. Meyerson
WOGFO

WRL " 40"

NEW WRL

TROTTER

GLOBE CHAMPION
TRANSMITTER

Capable
input

XMTR

of

on

25

watt

phone

More Watts Per Dollar

and

40 watt input on CW

R.

on

watt XMTR.

all

1500

bonds

KC

from

through

megacycles.
switching

28

Band

for

any

3

F.

Automatic

a complete

fixed

bias

ulator.

165

watt

WIRED

KIT FORM

of

coils.

KING
Per Dollar

all

phone

and

CW.

to

160

on

Provisions

for

Contains everything
radio

$475. 00 $495. 00

Just right for your
control room walls
Approximately
28 x36" Contains time
zones,
amateur
zones,
monitoring
stations.
Mail coupon today
and
.,& tdrsi
CU

ON

10-20

&

75

WIRE

with

1.8

to 1.825
1.925

1.875

METERS

to

to

1.9

1.925 to

2.0

PHONE

4.0

7.0

to

7.4

Please state frequency. We will
come as close as possible.
No
refunds or exchanges, please.

7795

LAROCtATOD1(1,

‘
t„,

INCORPORATED

For mobile or fixed
.tation.
Spiral binding — turns up— lie.
flat. Full column log
11..ting
all
FCC
re.
quireel into. Log will
accommodate
I . 525
station..
Front
and
back
covers
show
"tr . i.Ignals. phone ,
le alphabet. and am...
leur Intern
tlonal prefixes. & ell 4.

um um OM
World Radio Laboratories,
744 West Broadway
Council Bluffs, Iowa
Please send rne.

aith

in

Jam-

NEW LOG
BOOK

CRYSTALS

30-40 METER $ 1.25 ea.
3.5

50

bargains.

160 METER $ 1.50 ea.
1.9 to

new

television.

HOLDERS Type FT- 243

Write for detailed X047111 »perificollon sheets.
-

and

packed

GUARANTEED
IN

WIRED $ 349e

— TODAY —

ECO. Complete with tubes, meters, and one set of coils.
Low Down Payments.
KIT FORM
WIRE- TESTED

GIANT RADIO REFERENCE MAP

50

Send For Your Copy

performance

bonds — 10

Payments.

IT'S NEW! IT'S FREE!

420
watts
CW.
Incorporates
some of the latest TVI protective
on

Down

WRL 1952 Catalog

Our newest model with increased power — 420 watts Phone,

Efficient

Low

Just Off The
PRESS!

XMTR

High Power — More Watts

features.

Complete

meters, and one set

KIT FORM $ 329.

NEW WRL 400-B
GLOBE

Final

input — 10

with tubes,

Payments

on

and Buffer. Class B Speech Mod-

out the world.

Down

16.5

Provisions for ECO.

thru 160 meter bands.

$99. 5° $ 89. 5°

WRITE

Section

bonds. A proven rig. Thousands in operation throughLow

WAIT

D
D
D

New Log Book
New Catalog
Rodio

MOP

IML

MI WM MI IBM à
HB - 52 •

Inc.

El

''.ZO' Trotter Info

CI Globe King Info
ID Globe Champion Info II

D

Used Equipment List

I

Name
Address
City
State
lug UM gm gelg MI Mg BM an BB ma

son

zum 1m

à
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KU* TELEVISION

tei
0N
BUY DIRECT FROM FACTORY—
SAVE UP TO 50% on TV Kits, Chassis, Sets, Parts
VAST SELECTION of
Beautiful TV CONSOLES for
CUSTOM- BUILDING
CONVERSION,

or

for

from $ 49

Enjoy Giant Screen TV now. Convert your small screen
set with Transvision cabinets, tubes, and parts. Instructions with every cabinet. Low direct- from- factory prices.
WRITE FOR COMPLETE CATALOG!

2 Yr. GUARANTEE on PICTURE TUBES
NEVI LOW PRICES:
who offers you a 2 Yr. G

Big savings on all sizes picture tubes, direct from Trans.
vision factory. And Transvision is the only manufacturer
tee, pro- rated. Write for prices.

FEED up to 5TV SETS from '

Antenna

PRICES: Multi- Set Conn. for 2 sets, $ 4.95 list*.
For 3 or 4 sets, $ 7.95 li ste.
*Dealers, write for discounts

with TRANS VISION'S

MULTI- SET
CONNECTORS

2 Service Instruments in 1. . .
CR TUBE TESTER-REACTIVATOR
performs 2 vital functions:

• Tests Picture Tubes • Renews Brightness
of Many Dim Picture Tubes

It

's

a

•Measure

TESTER:

applyoutthir

precise
oving inp
s
i
t
c
rt
o
u
rn
reen t
t
utb
oe
,

from set,

you

cathode emission • Locate shorts between elements

• Locate high resistance shorts or leakage as high as

It's a REACTIVATOR

3

megohms

for dim CR Tubes

Revives dim TV Pich,re Tubes, without removal of tubes from sets. Works on
a great many tubes with low light output, if there's no mechanical defect in tube,
110V-60 cycles. Portable, weighs only 3 lbs. One or two applications pays
for instrument.

SATISFACTION GUARANTEED

Cr money refunded if

you return the instrument in 10 days in good condition.
All prices subject to change without notice

F

REE.

•

Samp le

COPY

Of " TV

and

Electronics Notes."

Or , end 50e to cover cost of addressograpil
plate and mailing for FREE subscription•
Monthly issues ore gold mines cit info on New
Devices, Conversion, Sales, Service, etc.
WRITE FOR IT TODAY!
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$195>

FIELD STRENGTH METER at NEW LOW PRICE
Improve TV installations, save 1
2
/
the work with TRANSVISION'S Field Strength $59 NET
Meter. Model FSM-1, complete with tubes
Write for details on amazing Transvision FACTORY AGENT KAN!

TRANSVISION, INC.

NEW

Dept. ARR
ROCHELLE, N.

Y.

DO YOU HAVE

13-A's 1952 CATALOG

NUMBER
521

Cornplee
ANNUAL

NUMBER

. 0: 01.4eoncst,s.iesRtsm.ictpmusELlitc.usIt,Lt,1910,Eis :

e

Guide

to the Latest
Products of Top
Makers in Radio,
TV, Sound and

CATALOG
521

Recording Fields
EAtMiGAZEUEReSs

INCLUPES

EXPERIMENTERS • FACTORIES • LABORATORIES

21 PAGES OF
DOLLARSAVING
BARGAINS
WRITE US
IF YOU
\

BURMA - APPLEBEE CO., 1012-14 McGEE SI, KOSAS CITY, MO.

DO NOT
HAVE IT!

THE BIG B-A 1952 ANNUAL CATALOG NUMBER 521 IS A...
. . . Complete guide to the very latest in Electronics—everything in the Radio, TV, Sound and
Recording fields . . . everything on down to the little
things usually too troublesome for others to list
and stock.
Saves you time—takes only minutes, at times
most convenient to you, to order by mail the items
and quantities you alone decide on . . . no waiting
for salesmen . . . no breaking into your busy hours
... no pressure to sell you more than your needs...
A "One Stop" source for your every need.
Saves you money—B-A Volume sales permit big
buying at savings passed on to you. Every page
lists many special, big, money-saving values made
possible only by huge B-A special purchases. Net

prices are shown so you can see at a glance what
each item costs you.
Prompt, Speedy Service is assured because of
always adequate stocks and the B-A " Know- How"
acquired in 24 years' experience in the mail order
Electronic distribution field.
The location of
Kansas City, a foremost transportation " hub" . . .
in the exact "Center of America" . . . days closer to
Everywhere . . . is more reason why you will get
faster delivery from B- A.
The B- A reputation . . . 24 years of honest, de.
pendable and friendly dealings protect- your every
purchase.
Write now for your Free copy.

BURSTEIN-APPLEBEE CO,
1012-14 McGEE ST., KANSAS CITY 6, MISSOURI

147

BUILT FOR DURABILITY
ENGINEERED FOR TROUBLE- FREE OPERATION
DESIGNED FOR STANDARD AND SPECIAL APPLICATIONS

w.eze
—4g4t4.
5-

Kunvon

eee

TRANSFORMERS
for all ARMY- NAVY specifications

use KENYON TRANSFORMERS for
Radar • Broadcast • Special Machinery
Jan Applications • Atomic Energy Equipment
Automatic Controls • Experimental Work

write for details
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KENYON TRANSFORMER CO., INC.
840 BARRY STREET, NEW YORK 59, N. Y.

149
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MEIN
Mandl's Television
Servicing
gives you detailed, illustrated trouble- shooting procedures
for every flaw or failure you're likely to encounter in any
part of today's TV receivers.
A COMPLETE MASTER INDEX

ORIGINAL PHOTOGRAPHS

and separate lists of trouble symptoms for each
circuit defect make it easy to locate quickly any
particular trouble and the exact procedures for
correcting it. Unusual, hard-to-find troubles as
well as all common troubles are dealt with in the
servicing procedures.

show actual symptoms that appear on the TV
screen when defects occur. Hundreds of circuit
schematics, illustrations of station defects, typical scope patterns and other illustrations aid in
the identification and location of circuit faults.

THE LATEST CIRCUITS

are explained and illustrated, including the special servicing techniques for UHF and VHF.

• • • and these are only a few of the special features that make this amost useful guide for television servicing. Written by Matthew Mandl,
well known to all servicemen for his many
technical articles.

Ready early in February. Get your order in early

Are these outstanding radio & TV aids

on your working reference shelf?

Television for Radiomen
by Noll. Complete, clear, step-by-step instruction in the
principles, construction, and operation of every part of
the modern TV receiver and in the basic transmission
principles. Full, detailed instruction on installation,
alignment, adjustment and trouble shooting. Very thorough, very clear, non- mathematical. $ 7.75

Television and FM
Antenna Guide
by Noll & Mandl. Combines a basic course on theory
with acomplete handbook on antennas and their installation: how to select the right type for the site, determine
the best position, install the transmission line for maximum efficiency, etc. Full, tested data on the characteristics, dimensions, advantages and limitations of all commercial models and new types, including UHF. $ 6.25

Radio and Television
Mathematics
by Fischer. "An extremely useful book," says Radio &
TV News. Arranged under radio headings, step-by-step
solutions are given for 409 problems typical of all calculations commonly required in radio, television, and
electronic work, including all questions requiring mathematics for FCC exams of all grades. $ 6.75

Movies for TV
by Battison. Complete information on the equipment
needed, its operation, and comparative costs—cameras,
lighting sound projection, etc. Much practical advice
on the do's and don'ts of making newsreels, commercials, cartoons, titles, special effects on movies for TV
transmission.
$ 5.00

Send for our descriptive circulars. Or order from

The Macmillan Company •

150

60 Fifth Ave. •

New York II, N.Y.

MAKES A

BIG NAME

BIGGER
by...
Offering
Trade - In
Allowances on Used ( factory- built)
Test

and

Communication Equipment

for the New Harvey- Wells Bandmaster
Transmitter ( Sr. or Deluxe Model).
FOR

AMATEURS,

GOVERNMENT AGENCIES,
EMERGENCY SERVICES,
C.A.P. AND CIVIL DEFENSE
As

a distributor

of

quality

Radio and Electronics

equipment, Walter Ashe Radio Company offers " Surprise" Trade- In Allowances on used ( factory- built)
test or communication equipment for the outstanding
new Harvey- Wells Bandmaster Transmitter. Yes, by
trading used ( factory- built) equipment you can save
money and own the world's most versatile transmitter.
Harvey - Wells Bandmaster for mobile, portable or

Bandmaster Senior $111.50

fixed operation is designed for novice or expert. It
is the model you will use for years— that never be-

Bandmaster Deluxe $137.50

comes obsolete or outmoded because of continuous
technical bulletin service mailed regularly to all registered owners by Harvey- Wells. Get this outstanding

40-50 watts input • Frequency cov-

new transmitter by trading used test or communication

erage 80, 40, 20, 15, 11, 10, 6 and
2 meter bands • Completely wired

equipment at Walter Ashe, " House of Surprise Trade-

and tested • I00% break-in cperc tior

Ins". Simply tell us what you have to trade showing
make and model number. Indicate your choice of the

Band switching • Fora or C. W
Antenna n-ctching network • Rod.

Bandmaster Sr. or Deluxe model. Back will come our
money saving trade-in offer. Wire, write, phone or

mounted available.

use the handy coupon today.

All prices F. O. B. S«
RAH- 52

WALTER ASHE RADIO CO.
1125 Pine St., St. Louis 1, Mo.
Rush "Surprise" Trade-in offer on my
(describe used equipment)
for Harvey- Wells Bandmaster
(Indicate whether Sr. or Deluxe model)
[II Send Free Copy new 1952 Catalog.
Name

City

aé0
RADIO CO.
THE HOUSE OF " SURPRISE" TRADE-INS

Address

I.

Lc uis

PHONE CHESTNUT 1125

Zone

State

1125 PINE ST.. ST. LOUIS 1 , MO.
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The new model 770— An Accurate Pocket- Size

VOLT- OHM MILLIAMMETER

model 670
The

A

(SENSITIVITY— l000 OHMS Per Volt)

CAPACITY

FEATURES: Compact- measures 31
4 " x 51
/
4 " x 21
/
4 ". O
/
Uses latest
design 2% accurate 1 Mil. D'Arsonvel type meter. 0 Same zero adjustment holds for both resistance ranges. It is not necessary to readjust
when switching from one resistance range to another. This is an important
time- saving feature never before included in a V.O.M. in this price range.
0 Housed
in round- co eeeee d, molded
case. 0 Beautiful black etched panel.
Depressed letters filled with permanent
white, insure long- life even with constant
use

VOLT- OHM

REACTANCE

MILLIAMMETER

INDUCTANCE

AND

PLUS

DECIBEL

MEASUREMENTS

The Model 770 comes complete with
self-contained bat-A
teries, test leads and
all operating
instruc
NET
Hens
The New

SUPE R-METER

SPECIFICATIONS: 0 D.C. VOLTS: 0 to 7.5/15/75/150/750/
1,500/7,500 Volts. > A.C. VOLTS: 0 to 15/30/150/300/1,500/
3,000 Volts • OUTPUT VOLTS: 0 to 15/30/150/300/1,500/3,000
Volts, O D.C. CURRENT: 0 to 1.5/15/150 Ma. 0 to 1.5 Amperes.
0
RESISTANCE: 0 to 500/
100,000 Ohms 0 to 10 Megohms.
O CAPACITY .001 to . 2 Mfd.
.1 to 4 Mfd. ( Quality test fo ,
electrolytics).
0
REACTANCE:
700 to 27,000 Ohms 13,000
Ohms to 3 Megohms. o INDUCTANCE: 1.75 to 70 Henries 35 to
8,000 Henries. O DECIBELS:
—10 to - 18 -1-10 to + 38
30 to
58.
ADDED FEATURE 0 The Model
670 includes o special GOODBAD scale for checking the quality.
of electrolytic condensers at a
test potential of 150 Volts.
The Model 670 comes housed in
a rugged, crackle- finished steel
cabinet complete
with test leads
and operating
instructions. ....

SPECIFICATIONS: .> 6 A.C. VOLTAGE RANGES: 0-15/30/150/300/
1500/3000 VOLTS. 0 6 D.C. VOLTAGE RANGES: 0-7.5/15/75/150/
750/1500 VOLTS. 0 4 D.C. CURRENT
RANGES: 0-1.5/15/150 MA 0 — 15
AMPS. > 2 RESISTANCE RANGES:
0-500 OHMS. 0-1 MEGOHM

Model TV- I1

new

COMBINATION

,p

TUBE TESTER

,)

L8NET

40

The New Model 660— An AC Operated

SIGNAL GENERATOR

SPECIFICATIONS:
0
Tests all
tubes including 4, 5, 6, 7, Octal
Lock- in, Peanut, Bantam, Hearing
Aid, Thyratron, Miniatures, Subminiatures,
Novels,
Sub- minors,
Proximity fuse types, etc. 0 Uses
the new self-cleaning Lever Action
Switches for individual
element
testing. Because all elements are
numbered according to pin- number
in the RMA base numbering system,
the user can instantly identify which
element is under test. Tubes having
tapped filaments and tubes with
filaments terminating in more than
one pin are truly tested with the
Model TV- 11 as any of the pins
may be placed in the neutral position when necessary. 0 The Model
TV- 11 does not use any combination type sockets. Instead individual
sockets are used for each type of tube. Thus it is impossible to damage
o tube by inserting it in the wrong socket. 0 Free- moving built-in roll
chart provides complete dato for all tubes. 0 Newly designed Line
Voltage Control compensates for variation of any Line Voltage between
105 Volts and 130 Volts,
EXTRA SERVICE— The Model TV- 11 may be used as an extremely
sensitive Condenser Leakage Checker. A relaxation type oscillator
incorporated in this mode' will detect leakages even when the frequency
is one per minute.
The Model TV- 11 operates on 105-130 Volt 60
Cycles A.C. Comes housed in a beautiful hand- rubbed
oak cabinet complete with portable cover
NET

Provides Complete Coverage for A.M.-F.M. and TV Alignment
SPECIFICATIONS: .> Generates
Radio Frequencies from 100 Kilocycles to 60 Megacycles on fundamentals and from 60 Megacycles to 240 Megacycles on
powerful harmonics. 0 Accuracy
and stabilit7 assured by use of
permeability trimmed Hi- CI coils.
0
R.F. avaNable separately or
modulated by the internal audio
oscillator. O Built in 400 Cycle
sine wave aucfio oscillator used to
modulate the R.F. signal also
available separately for audio
testing of receivers, amplifiers, etc. 9 Oscillator Circuit: Uses a miniature
high frequency type of acorn triode in a Hartley circuit to insure a high
degree of stcdsility. By using the same type of triode as a buffer
amplifier, complete and positive isolation between the R.F. oscillator
and the attenuator is attained. 0 Attenuator: A 3 step ladder type of
attenuator is used. Each step of the attenuator is controlled by a separate attenuator control thus providing intermediate level steps. 0 Tubes
used: 955, as R.F. Oscillator, 955 as Modulated Buffer Amplifier, 6SN7
as Audio Oscillator and Power Rectifier.
The Model 660 comes complete with coaxial cable $ 4295
test lead and instructions
NET

$
4750

TELEVISION BAR GENERATOR
THROWS

AN

ACTUAL

Two Simple Steps:

BAR

PATTERN

ON

ANY

TV

RECEIVER

SCREEN!!

11. Connect Bar Generator to Antenna Post of any TV Receiver
2. Plug Line Cord into A.C. Outlet and Throw Switch.

RESULT: A stable never-shifting vertical or horizontal pattern
projected en the screen of the TV receiver under test.
0 Provides vertical sweep signal for adjustSPECIFICATIONS: - Power Supply: 105-125 Volt 60
ing and synchronizing vertical oscillator dis- Cycles. 0 Power Consumption: 20 Watts. 0 Channels:
charge and output tubes. 0 Provides vertical 2-6 on panel, 7-13 by harmonics. 0 Horizontal lines: 4
signal to replace vertical oscillator to check to 12 ( Variable). 0 Vertical lines: 12 ( Fixed). 0 Vertical
vertical amplifier operation. O Provides hori- sweep output: 60 Cycles, 0 Horizontal
zontal sweep signal for adjusting and syn- sweep output: 15,750 Cycles.
chronizing horizontal oscillator A.F.C. and TV Bar Generator comes complete
output tubes. 0 Con be used when no with shielded leads and detailed
stations are on the air.
operating instructions. Only

$39n

SUPERIOR
Dept. H-52
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INSTRUMENTS CO.

227 FULTON STREET

PLEASE

PLACE

JOBBER

DOES

YOUR
NOT

ORDER
HANDLE

WITH

YOUR

OUR

LINE

REGULAR

PLEASE

NEW YORK 7, N. Y.
RADIO

SEND

PARTS

YOUR

JOBBER.

ORDER

IF

DIRECT

YOUR
TO

US

Now Save Time..Work..Money!
NEW, EASY- TO- READ, FACT- PACKED BOOK
TELLS YOU WHAT YOU NEED TO KNOW

Principles of

RADIO

By KEITH HENNEY, IV/QGU and K2BH;
Consulting Editor, "Electronics"; Editor, "Nucleonics"
and GLEN A. RICHARDSON, Iowa State College
New Sixth Edition — Revised, Enlarged, Completely Modern
BUILDING A RIG? CRAMMING FOR A TICKET? GOING IN FOR

This new, information-packed book tells you
the basic facts you need to know . . . explains exactly the kind
of ' live wire" information you need all the time in every branch
of radio!
Said Science magazine of the Fifth Edition: CLEAR, CONCISE,
PRACTICAL AND RIGHT TO THE P
OINT... Now get the modern
Sixth Edition of the famous, simple, book that has saved so
much time, trouble and money for so many thousands of radiomen! It's a complete course in radio fundamentals for hams,
hobbyists, repair men, students . . . READY TO Go TO W ORK
ATYOUR DESK, SHACK or SHOP!
RADIO REPAIR?

COVERS fundamentals, circuits,
instruments, A- M, F- M, TV, radar, power supplies, tubes ...
THE WHOLE WORKS FROM

THE GROUND UP!

"

COVERS ALL THIS
ALSO

New

Third Edition

HOW TO PASS
RADIO LICENSE
EXAMINATIONS
By

CHARLES E. DREW

The radioman's standard study guide
for commercial telegraph and ' phone
licenses — now completely modernized.
Questions are numbered to correspond
with the latest FCC
study guide. With
cornplete explanations, useful tables,
and extracts from

laws.
1951

NO

Ready in January, 1952

A- M detection

A-M receiver systems
Transmission lines
Antennas
Electromagnetic radiation
F- M modulation
F-M detection
UHF phenomena
Electronic instruments
Transients
Wave shaping circuits
Television
Radar
Practical problems
—AND MORE!

655 Pages

371

illus. & diagrams $5.50

MAIL WITHOUT MONEY — READ BOOKS TEN DAYS

376 pages $ 4.50
Read it 10 days without
risk! Mail coupon today,

SEND

Fundamentals
D- C circuits
Meters and Measurements
Magnetism
Electromagnetism
Inductance
Capacitance
A- C circuits
Resonance
Coils
Condensers
Vacuum tubes
The tube as an amplifier
Rectifiers
Power supplies
Audio amplifiers

MONEY

Pay nothing to postman
READ either book or both
10 DAYS WITHOUT RISK

JOHN WILEY & SONS, INC., Dept. RA- 52
440 Fourth Ave., New York 16, N. Y.
On 10 days' approval.

SendQ Principles of Radio
o flow To Pass Radio License Examination
I will remit price plus postage or return book(s) postpaid.
(Offer not valid outside U.S.)

Name
Address
City. Zone. State
Employed by

SAVE POSTAGE!
Ask

for our list of other useful books on radio

We pay postage if you enclose bill pav
ment. Money back on same return privilege.
O Send list of other useful books on radio.

•
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FASTER SERVICE

from any of

FEDERATED'S
great stockpiles
FEDERATED PURCHASER, INC.,
STRATEGICALLY LOCATED
COAST TO COAST, OFFERS THE
NATION'S MANUFACTURERS A
The Complete Transformer

UNIQUE ONE

Line That Meets Military

FOR ALL ELECTRONIC SUPPLIES

Specifications.

SERVICE

• Extensive Supply
• Vast Savings
• Industrial Research
• Incomparable Service
FEDERATED offers a vast supply of
in- stock electronic materials for
prompt shipment ; thousands of
manufactured items obtained from
any part of the country, quickly,
conveniently. Experienced staffs
offer complete industrial research
information.
JAN — Know- How, Stockpile, Service

If you require fully approved MIL-T-27
Transformers and Filter Reactors for prototype models, pilot runs or special applications— wire, write or phone any FEDERATED
office for immediate shipment on CHICAGO
Hermetically- Sealed units. FEDERATED offers a complete range of CHICAGO MILT- 27 Transformers: Power, Bias, Filament,
Filter, Audio— shipped promptly anywhere!

WRIIE

D EPI.

MR.
R- I for" FED",

Federated's house

org an,

con -

taining latest JA N news, availu
aby re ports, etc. Send s the
,
names of your engineers dept.
heads on your letterhead ond
we'll i
nc lude them

on

our moi l-

ing list.
CABLE

FEDERPURCH

ederated Purchaser
NCORPORATED

New York City
66 Dey St.
Dlgby 9-3050

THE

ONLY

COAST

Los Angeles
911 S. G-and Aye.
TRinity 7311

TO

COAST

ELECTRONICS

Newark, N. J.
114 Hudson St.
MArket 3-4005

DISTRIBUTOR

Allentown, Pa.
1115 Hamilton St.
Phone 3-7441

Easton, Pa.
925 Northampton St.
Phone 4259

TELETYPE: NY1-2859 (New York, N. Y.) • LA- 572 ( Los Angeles, Cal.) • AN- 22 ( Allentown, Pa.)
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rHOUSANDS

IN USE

ND THE WORLD

"MILITARY"- MODEL

le- 6004X

COMPARE THESE FrATURES
• SIX BANDS- 540 ki to 54 nc. each band clearly marked
in the Band Indi. ate>, Window and by the ingenious
pointer aisembly on the eial.
• CALIBRATED MAIN DIAL— direct reading, accurate to
plus or minus . 2STo .Ve-ner dial readable in ' is divisions makes ava•lable CCDO divisicns for each band
for accurate logging ana aesetabilit..

Yes, thousands are now in use and being
epended upon daily all over the world— in military,
ommercial and amateur, from the tropics of hottest
frica to the extreme cold of Alaska— in damp, wet
limates to high dry regions— no extreme is too tough for
lis tried and proven " Military Model" SP-600-JX.

• DRIFT—.001% to . 01%
which receiver is tuned.

frequency

• IMAGE REJECTION- 10,0 ,40i 1 to 1,000,000:
db to 120 db.

• SENSITIVITY — I microvolt
Standards).

ation equipment. Every component in the Hammarlund " Military Model
P-600-JX, is conservatively rated to do a specific job and top quality

cw:

le
'

crystal
3 non.

RADIATION—negLaible—no cross talk in inelti-receiver
initailations.

• CALIBRATED BFO CONTP01.—.rom .2 beat to

The photo at the left it aview of tie
SP- 600- TX with the cover ot the
condenser compartment removed,
showing the compact, practical
rangenrent of this power- packed
communications receiver. Note the
hermetically sealed transformecs
and mony shielded sections in this
20- tube , double conversion receiver.
No expense was spared to make this
the finest receiver built.

1 or

2 microvolts AM IRMA

• SELECT1VITY—Han-mar.unies famous patented
design providing 3 calibrated crystal and
crystal ranges from . 2KE ro 13. KC.

as the first and only consideration. So flexible is this receiver it would

4-«

to

1 or 80

• SPURIOUS RESPONSES— sane less than ; 00,000:
100 db.

It is a completely new receiver in both electrical and mechanical concept

certain job, to equal its performance.

on

• DOUBLE CONVER&ON—CIT frequencies ham 7.4 mc to
54.0 rm.

nd incorporates the experience of 40 years of manufacturing communi-

squire a number of individual receivers, each specifically designed to do

cepending

3 KC.

• TUNING METER—.ndicatem correct tuning of . ignal: 0 at
Pl1 microvolt reading tu- 100 indicates input level of
received signal et db from 1 microvolt.
A spring return switch connects meter to . eac output sig•
nal even in db from 6 rriliiwatts.
• CRYSTAL CONTROLLED FF OSC.—six crystal controlled
channels of yo, chaos-mg) for fixed frequency opera ton with Delta frequency control for va..yinig the crystal
frequency within narrow imits.
• 20 TUBES— Line- up- 7-65A6; 3-6C4: 1 6AC7; 2.68E4;
'

W•
Ok

3-6AL5, I- 12A..17; 1-6V6GT: 1.5R4GY; T- 0A2.

e POWER

SUPPLY— completoly self contained.

. • HERMETICALLY SEALED—transformers Nu oughout.
TROPICAUZED against fur gus attack and -humidity.

• SIZE— cabinet model 21 1
2 ' w x 12'4" ri x 17 1
/
4 " d or
/
i
Standard 19" sack mounting, 10 1
2 " panel space.
/

HAMMARLUND

MANUFACTURING CO. INC.
460 WEST 34th STREET • NEW YORK CITY
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Ch«Hild
of McGraw-Hill
RADIO and TV BOOKS
UNDERSTANDING RADIO
A practical book that itrv•tat, the 1111r I. thin it - litro Ii, ti titi and servicing in a clear
step-by-step manner, or readers with little or it, technical knowledge. Helps you graphically
in self- training. with simple experiments and numerous perspective drawings. By Herbert M.
Watson, Herbert E. Welch. and George S. Eby, Stockton College. Second Edition.
732 pp.. 6 a 9, 536 illus., $ 5.50.

PRACTICAL RADIO COMMUNICATION
Principles
Systems
Equipment
Operation
Including Very High and Ultrahigh Frequencies and Frequency Modulation. Provides effective home- study material
for prospective and experienced radio sperators of all classes. By Arthur R. Nilson and J. I..
Hornung. Second Edition. 927 pp.. 6 x 9.535 illus.. $ 7.50.

RADIO OPERATING
QUESTIONS and ANSWERS
Best preparation for passing operator license examinations. Covers
all questions of the FCC Study Guide with full, correct answers.
Tent h Edition, supplemented i
SSW,
110W
Element 8 on
Ship Radar. By J. L. Hornung. 668 pp., 41.¡ a 74. 131 illus. $ 6.00.

MATHEMATICS
for ELECTRICIANS
and RADIOMEN
Teaches mathematics from elementary algebra through quadratic equations, logarithms, trigonometry, plane vectors and
elementary vector algebra ... with direct
applications to electrical and radio problems.
By N. M. Cooke. Chief Radio Electrician. U. S. Navy. 604 pp., 6 z 9. $ 5.00.

COMMUNICATION
CIRCUIT FUNDAMENTALS
For Radio and Communication Engineers. A guide for radio
operators, broadcast technicians, and chief engineers, covering the
physics of circuit elements and presenting the fundamentals of d-c
and a- c circuits. By Carl E. Smith. United Broadcasting Co.
401 pp., 6 x 9. 209 illus. $ 5.50.

ELECTRON-TUBE CIRCUITS
Timely book discusses different clames of circuits with widespread
application in radar, television pulse communication, and general
electronic control. Shows how to combine circuits of various types
to achieve one or a number of operations. Treats power rectifier-t.
filters, regulators, amplitude modulation. etc. By S. Seely, Syracuse U. 529 pp.. $ 6.00.

ESSENTIALS OF RADIO
loud speakers, vibrator units and multiplier circuits, bandspread
and automatic tu ll i
ll It. frequency modulation. etc. Shows how to
t.›st receivers and transmitters. By Morris Slurzberg and William
Osterheld. 786 pp.. 6 x 9. MIAs.. $ 6.50.

ELEMENTS of
RADIO SERVICING
A highly practical radio repair manual that leads you in easy steps
to a complete understanding of 95% of all radio servicing jolis.
Covers the modern superheterodyne A.M. receiver, phonograph combinat ion service problems, and auto radio problems. Gives
detailed " bow- to- do- it" explanations. By William Marcus and
Alex Levy. 471 pp.. 6 s 9. illus. $ 5.00.

BASIC TELEVISION
Principles and Servicing. An \ to- Z.
manual, giving elaborate trouble
shooting charts showing symptoms,
causes. and cures for over 50 common
TV receiver problems. Simplified diagrams, drawings. and photographs on
every topic. By R. B. Grob, Teacher,
R. C. A. Inst. 592 pp.. 3.6.50.

TELEVISION
SERVICING
A practical guide on television installation, adjustment , and servicing
procedures. Covers typical circuits
used in receiver sections, the problems and solutions of antenna installation, external noise. interference, weak signals. etc. By S. Heller
Amer. Radio. Inst.. and I. Shulman, Fed. Telev. Corp. 434 pp.,
$6.00.

••••••••••••••••••••••MN.,,,,e,f

RADIO
ENGINEERING
HANDBOOK
Provides
quick answers to routine and
special questions in
communications.
broadcasting, air
craft radio, television.
and related fields
By Keith Henney,
Editor- in- Chief.
4th Ed. 1197 pp.,
6 a 9, 1038 illus.
$10.00.

-See These Books Ten Days Free
McGraw-Hill Book Co.. Inc.

D Smith — Communicati llll Cire.

330 W. 42nd St., N. Y. IS. N. Y.

D Watson et al — Understanding Radio
— $3.50

D Nilson

tk
Hornung — Prac.
Comm. — $ 7.50
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for

Radiomen —

Name

13 Seely — Electron- Tube Circuits —
$6.00
Slurzberg & Osterheld — Essen.
Radio — $6.50

of

El Marcus & Levy — Radio Servicing —
$5.00

Radio

Hornung — Radio Operating & A
— 86.00
Cooke — Math.
$5.00

(Print)

Fund. — 85.50

Send me book(s) checked here for 10 days'
examination on approval. In 10 days Iwill
remit for book(s) I keep, plus few cents for
delivery, and return unwanted book(s)
postpaid. ( We pay for delivery if you remit
with this coupon; same return privilege.)

Grob — Basic Television — 86.50

El

Address

City.

11111e

State

Company .

Heller and Shulman — Television
Servicing — $6.00

D Henney — Radio Engineering Hdbk.
— SI 0 00

Position

OSH-52

This offer applies lo U.S. only

Featuring HAM GEAR for 33 Years
During this time we have always extended a
helping hand by maintaining a stock of the
best and latest in component parts and
equipment for Amateur, Broadcast, Industrial,
Educational and Research applications.
Let us fill your next order for electronic
parts or equipment.
SINCE

1919

adafeettee0 ea.
963

LIBERTY AVE.

•

PITTSBURGH 22, PA.
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COMPLETE OUTFITTERS

for th_e HAM . . .

COMMUNICATIONS
AND

ELECTRONIC
ENGINEERS
lier
EUGENE G. WILE
218 -220 South 11th Street

Philadelphia 7, Pa.

Kingsley 5-8370

Distributors of
Nationally Advertised Lines of
RADIO, TELEVISION and ELECTRONIC Parts
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For better transmission and reception use

Whatever you need—simple antenna support towers or heavier
towers for complex transmitting
arrays—Wincharger Towers can
do the best job for you.

I
fra4 ,„
Ir* 1

ALL LEGS,
BRACES, ETC.
ARE HOT-DIPPIEtl
ALVANIZED AFTER

A. Five and 10- ft.
Roof Mount
Towers for
amateur and
T V antennas.
Using
mast
and simple
guying can
elevate antenna nearly 40'.

HOLES ARE
PUNCHED

NOTE Nan Calvanaed
Tawdas can »e
supphed
low«
,C•11

/TYPE
I
SO

Triangular cross-section transmission towers
for rotary beam support . . . for insulated vertical
radiators . . . for special, complex arrays of rhombics
or curtain antennas . . . or any tower problem you
have, you'll have the best results with Wincharger.
TOWER
TYPE

Recommended
Max. Height

POWT.Rf
TOWER Guy Levels WEIGHT Watt Rating
WIDTH ( 3 Guys at PER FT.*
Wave
Each Level)
or Taller)

300

440 ft.

28

50 ft.

30 lbs.

50,000

150

320 ft.

18 1 in.

40 ft.

15 lbs.

116,000

101

220

14:!';4

in.

35 ft.

10.1 lbs.

5,000

150 ft.

14Ys in.

35 ft.

7.8 lbs.

5.000

125 ft.

13!'. in.

30 ft.

4.7 lbs.

3,000

78

L

42-47

ft.

in

*Tower steel only—weight of guys, insulators, etc. not included,
flusulation for greater power available at slight extra cost.

11C811G3L3CtO

B. Lightweight
Towers
has
hinged base. In 10' sections.
With simple guying will
support 4- bay stack at 40'.
C. Self- Supporting.
Slender,
attrattive design—no guys.
Will support antenna with
maximum wind thrust of
100 pounds. Cement base.
TELEPHONE 2-1844

Dept. HB

CD 0

CD 0

CD CD 0

C> CD 0 CD 0

Some of Dale's
Famous Names:

Acro
Advance
Aerovox
Alpha
Amperex
Amphenol
Arrow-Hart-Heg.
Bud
Cannon
Cardwell
Centralab
Cetron
Cinch- Jones
Clarostat
Collins
Cornell-Dubilier
Dial Light
Drake
Eby
Eimac
El-Menco
Erie
Federal
General Cement
Guardian
Greenlee
Hallicrafters
Hytron
ICA
IRC
Jensen
E. F. Johnson
Kester
Kraeuter
Littlefuse
Millen
National
National Electronics II
Ohmite
Par- metal
Plastoid
Potter & Brumfield
Pre max
Presto
Guam- Nichols
RCA
Raytheon
Sarkes-Tarzian
Seletron
Shure
Simpson
Sola
Stancor
Switchcraft
Sylvania
Triad .
University
Use co
U TC
Vector
Westinghouse
Weston

TIRED of

"shoppine around" for the parts and tubes
you need? There s a better way to buy. Select
everything you need from one of America's largest stocks of radio and electronics equipment.
Place ONE order for ALL your requirements at
Dale-Connecticut.

DALE HAS IT!
A tremendous electronics supermarket, staffed
with specialists who know what hams need and
keep Dale's stock complete and up-to-the-minute
in every detail, from the tiniest coil to the largest
receiver. Chances are 20,000-to- 1, if you use it,
Dale carries it.
BEST OF ALL!
Look over the list. Every one afront-rank name —
and all of the top-notch makes are included.
That's why you can not only find the item you
want at Dale, but you can get it in the quality
brand you prefer. And what's more, you can t
beat Dale's prices.
ONE-STOP SUPER-SERVICE!
There's nothing faster than Dale Service. Shipment
is made the same day your order is received. In
most cases, you'll have your parts within 48 hours
(slightly more beyond 200 miles). Try Dale and
see the difference in quality, value, and speed.
Write for Dale's all-in-one order blank

140 FERRY STREET •

NEW HAVEN, CONN.

Telephone 8-0807
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"HAMS" in Industry and in the Shack...

aeeedee J_
11D2WC/72176_7
92V
ELECTRONIC TEST INSTRUMENTS... because...
.they recognize that there is no compromise, no guesswork, behind the design
and workmanship of a " PRECISION"- built instrument ...
.they have seen the " insides" of the equipment, which reveals the infin!te and
painstaking care given to " Precision Individualized Production" ...
.they have learned, over the past nineteen years — in the shack, on the production line, at the service bench — that they can always look to " PRECISION"
Test Equipment, as the standard of performance, accuracy and value.

SERIES E- 200C
A modern. multi- band

SIGNAL and MARKER GENERATOR
for AM. FM, and TV Receiver Alignment
Direct Reading from 88 KC. to 120 MC.

SERIES EV-20

True Zero- Center VTVM
and Multi- Range Test Set

Net Price

High Sensitivity, Wide- Range

with Direct Peak Reading
High- Frequency Scales

5 " OSCILLOSCOPE

Ranges to:
1200 V., 2000 Megs., 12 Amps., -1- 63 DB
Net Price

SERIES ES- 500A

$ 71.25

$ 68.25

RF - I0A Hi. Frey. Probe ( Accessory)
Net Price
$ 1-1.41)

Push- Pull

PRECISION
TEST

EQUIPMENT

Jeruhad

aece,emicy• • •

SERIES 40

SERIES 85

Compact. Wide- Range

Laboratory Type

AC -DC CIRCUIT TESTER
1000 , V. Sensitivity

AC -DC CIRCUIT TESTER

31 Self- Contained Ranges to:
6000 V., 600 MA., 5Megs., + 70 DB
Ideal general-purpose, compact
Test Set
37/
4 " o61
4 "
/
Net Price $ 26.25

(20,000!) V. DC)
34 Self- Contained Ranges to:
6000 V., 60 Megs., 12 Amps., + 70 DB
A wide range, high- sensitivity,
Test Set, engineered for modern
electronic circuit maintenance...
Size
51
/ " o 71/
2
8 " z3"
Net Price $ 39.95

PRECISION
IIST

10111.,,

V.

and

Net Price

PRECISION APPARATUS CO., INC.
92-27 Horace Hording Boulevard, Elmhurst It, New York
Export Division: 458 Broadway, New York 13. U.S.A. • Cables—Morhanex
In Canada: Atlas Radio Corp., lid.. 560 King Street, W., Toronto 28

H. Amplifiers
$ 169.50

48 West 48th St., New York 19, P1. Y. • 212 Fulton Street, New York 7, N. Y.
Phone: Circle 6-4060 o Teletype: N. Y. 1-1299
DEPENDABLE

SERVICE

IS

THE

FOUNDATION

OF

OUR

BUSINESS

VEE-D-X
SECTIONAL TOWER
Designed
Antenna shown
is Vee-D-X
2-meter
Colinear Beam

and

engineered

os

carefully

as

YOU YOURSELF would build PI
VEE-D-X towers, antennas and accessories represent the
finest in precision engineering and design and are built
to meet the most exacting requirements of the communications field. Absolute premanency of your installation is
assured when you use a VEE-D-X sectional tower.
Only VEE-D-X offers you these exceptional features:
•

Rugged, all- welded construction diagonally
with angle iron for maximum rigidity.

laced

•

Can be erected on ground or on flat or peaked roof.

•

Patented plate spaced at two foot intervals prevents
twisting and affords rigidity found in no other
tower.

•

Safe and easy to climb.

•

Completely galvanized, lightweight tubular steel ...
20 ft. section 72 lbs.
PRE- ASSEMBLED

FOR

FAST,

INEXPENSIVE

INSTALLATION

VEE-D-X towers are designed for use on any height from 10 to
140 feet. They are self-supporting up to 20 feet and, where space is
limited, semi-guyed* type installations may be used at 30, 40, and
50 foot heights. Three types of top mount are available. VEE-D-X
towers may be ordered in separate units or as a complete package
for a specific height. ( Either guyed or semi- guyed.) For detailed
information on the tower just write for our free technical bulletin
LP51-102. A " spec" sheet LP51-117 covering the details on the
2-meter Colinear Beam is also available.
*Semi-guyed towers employ one set of guy cables attached at a
height ol 10 It. up the tower and anchored at a 6 tr. radius from
the base.

THE LAPOINTE-PLASCOMOLD CORPORATION •

WINDSOR LOCKS, CONN.

FAMOUS VEE-D-X PRODUCTS THAT HAVE BECOME STANDARDS IN THE TV INDUSTRY
Lightning arresters for both
2-wire and 4-wire transmission lines,

The JC - pioneer single channel
pre-assembled Yagi.

Outboard Booster — For powerfill 18 db gain for cc reception.

Rocket Booster - Pre
amplifica signal at antenna,
prior to line loss.

Index
Charts and Tables
Abbreviations for Electrical and Radio Terms 545
Abbreviations, Radiotelegraph
548
Alphabet, Greek
547
Amateur Frequency Bands
14
Amateur's Code
8
Antenna and Feeder Lengths
334, 337, 349
Antenna Diameter vs. Length
333
Antenna Gain
345, 346, 348
Attenuation of Transmission Lines
315
Bandpass Filters
541
Bandwidth, Typical I.F.
77,95
Beam Element Lengths
349
Breakdown Voltages
2
49
3
Call Areas
548
Cathode and Screen-Dropping Resistors for
R.F. and I.F. Amplifiers
89
Cathode-Modulation-Performance Curves 277
Characteristic Impedance
313,314
Circuit and Operating Values for Converter
Tubes
85
Coaxial Line Data
314, 315
Color Code for Radio Parts
520, 521
Condenser Color Code
521
Conductivity of Metals
18, 544
Continental Code
13
Conversion of Fractional and Multiple Units 20
Copper-Wire Table
545
Corner-Reflector Antenna Feed Impedance 421
Countries List, ARRL
549
46
Coupling Coefficient Curves
322
Coupling to Flat Lines
Crystal Diodes
542
Crystal Frequency Multiplying, V.H.F
394
Decibel
537
Decimal Equivalents of Fractions
517
Dielectric Constants
23
Drill Sizes
515
Driving-Power/Plate-Circuit-Efficiency
Curve
139
Effect of Ground on Horizontal Antennas 332
Electrical Quantities, Symbols for
543
Extended Double-Zepp Lengths
347
Field Strength Meter Calibration Curve
486
Filters, Bandpaas
541
Folded Dipole Nomogram
319
Frequency-Spectrum Nomenclature
18
Gain of Directive Antennas
345, 346, 348
Gauges, Standard Metal
546
Germanium Crystal Diodes
542
Half- Wave Antenna Lengths
334
Impedance Step-Up in Folded Dipoles
319
Inductance and Capacitance for Ripple
Reduction
213
Inductance, Capacitance and Frequency
Charts
538, 539
Inductance of Small Coils
537
International Amateur Prefixes
549
International Call Allocations
544
International Morse Code
13
L-R Time Constant
30
Log, Station
527
Long-Wire Antenna Lengths
337
Message Form
528
Metals, Relative Resistivity of
18
Modulator Characteristic Chart
269,272
Musical Scale
546
Nomenclature of Frequencies
18
Open Stubs, Position and Length
318
Operating Values, Converter Tubes
85
Output Voltage Regulation of Beam-Tetrode
Driver with Negative Feed-Back
261
Peak-Rectifier - Current / D.C.-Low-Current
Ratio
213
Percentage Ripple Across Input Condenser 213

PAGE

Phase-Shift Network Design Data
299
Phonetic Code
525
Pilot-Lamp Data
543
Plate-Circuit-Efficiency/Driving-Power
Curve
139
Puncture Voltages, Dielectric
23
Q Signals
547
RC Time Constant
30
R-S-T System
547
Radiation Angles
334
Radiation Patterns
334, 338
Radiation Resistance
333, 337
Reactance Chart
539
Relationship of Amateur-Band Harmonics. 502
Resistance-Coupled Voltage-Amplifier Data 243
Resistivity of Metals, Relative
18
Resistor Color Code
521
Response, Tuned-Circuit
540
Rhombic Antenna Design
343
Schematic Symbols
2
Screen-Dropping and Cathode Resistors for
R.F. and I.F. Amplifiers
89
Selenium Rectifiers
542
Signal-Strength, Readability and Tone
Scales
547
Shorted Stubs, Position and Length ... 318
Standard Component Values
519
Standard Metal Gauges
546
Standing-Wave Ratio
316
Station Log
527
SWR Calibration
487
Stub Position and Length
318
Symbols for Electrical Quantities
543
Tank-Circuit Capacitance
137, 142
Tap Sizes
515
Time, Condenser Charge and Discharge ..
30
Time Constant, L-R Circuit
30
Transmission-Line Data
315
Transmission-Line Losses
315
Transmission Lines, Spacing.. .. ...... 313, 314
Tuned-Circuit Response
540
V-Antenna Design Chart
342
Vacuum Tube Characteristics
V1—V59
Vacuum-Tube Index
V2—V59
Vacuum-Tube Notation Symbols
546
Vacuum-Tube Socket Diagrams
V5—V12
Velocity Factor and Attenuation of Transmission Lines
315
Voltage Decay
539
Voltage-Output/Transformer-Voltage Ratio 212
Volt-Ohm-Milliammeter Range Calibration 470
\V Prefixes by States
548
WWV Schedules
459
Wire Table
545
Word Lists for Accurate Transmission
525
Formulas
A.C. Average, Effective and Peak Values .
17
Antenna Length
333, 338, 348, 415, 416
C-R Time Constant
29
Capacitance of Condenser
24
Capacitance Measurement
474
Capacitive Reactance
33
Cathode Bias
65
Characteristic Impedance
314
Coaxial-Line Matching Section
350
Critical Inductance
213
Decibels, Gain in
537
Delta-Matching Transformer Design
336
Efficiency Power
22-23
Energy, Electrical
23
Feed-Back Percentage.
262
Feeder Length
315
Filter Design
213-214, 540-541

PAGE

Folded Dipole, Driven-Element Length 415
Frequency, Resonant
41
Frequency-Wavelength Conversion
18
Grid Impedance.
141
Half-Wave Phasing Section, Length...
346
High-Pass Filter
540
Impedance Matching
39, 40
Impedance Ratios
39, 311-312
Impedance, Resistive at Resonance
43, 44
Inductance Calculation
27
Inductance Measurement
474
Inductive Reactance
33
LC Constant
44
Lecher Wires
468
Lissajous Figures, Frequency
481
Low-Pass Filter
540
L-R Time Constant
30
Modulation Impedance
257, 270
Modulation Index
288
Modulation Percentage
267
Modulation Transformers, Turns Ratio
257
Multiplier, Meter.
468
Ohm's Law ( A.C.)
34, :35
Ohm's Law ( D.C.)
19-20, 22
Output Condenser for Modulat ed-Plate
Power Supply
269
Parasitic Element Spacing
348
Power
22
Power-Supply Out put Volt age
214
Power-Supply Transformer Voltage
215
Q
42, 44, 540
Q-Section Transformer
317
Quarter-Wave Phasing Section Length '347
R-C Time Constant
29
Reactance
34
Regulation
211
Resistance Measured by Voltmeter
469, 470
Resonance
41
Resonant Frequency
41
Rhombic Antenna
343
Ripple
214
Screen Dropping Resistor
66
Series, Parallel and Series- Parallel Capacitances
25, 26
Series, Parallel and Series- Parallel Inductances.
28
Series, Parallel and Series- Parallel Resistances.
20-22
Shunts, Meter
468
Standing-Wave Ratio
310, 316, 487
Surge Impedance
311-312, 313-314
Time Constant, C-R, L-R
29, 30
Transformer Current
38
Transformer Efficiency
38
Transformer Turns, Primary
216
Transformer Voltage
38
Transformer Volt-Ampere Rut ing
216
Transmission-Line Length
315
Transmission-Line Output Impedance
312
Turns Ratio
:38, 257
Voltage Decay Time
539
Voltage Dividers
217
Voltage- Dropping Series Resistor
217
Voltage Regulation
211
Voltage-Regulator Limiting Resistor
218
Waveguide Dimensions
426, 427
Wavelength
18
Wavelength- Frequency Conversion
18
Text
"A" Battery
"A"-Frame Mast
A-1 Operators Club
A.0
A.C.-D.C. Converters
A.C. Line Filters
AM (See " Amplitude Modulation")
ARRL Emblem Colors
ARRL Operating Organization

52
352-353
535
16, 31-40
227
501
532
531-535

PAGE

AT-Cut Crystals
131
Abbreviations for Radio Terms
543
Additive Frequency Meter
458
Absorption Frequency Meters
4M-465
Absorption of Radio Waves
72
"Acorn" Tubes
427
Air-Insulated Lines
312
102-103
Alignment, Receiver
16,32-40
Alternating Current
16
Alternations
517
Aluminum Finishing
Amateur Band Operating Characteristics...
70
Amateur Bands
13-14
Amateur Radio Emergency Corps
530
Amateur Operator and Station Licenses
17
Amateur Regulations
13-14, 493
Amateur's Code
8
American Radio Relay League:
Headquarters
12-13
Hiram Percy Maxim Memorial Station
12-13, 532-533
Joining the League
535
Ampere
17
Amplification
54, 55-50
Amplification Factor
55
Amplified A.V.C.
91
Amplifier:
Class A
58
Class B
59-60
Class C
60
Amplifier Classifications
58-60
Amplifier, Speech
241
Amplifiers (see basic classifications, e.g.,
"Receivers," " Transmitters," " Radiotelephony," and " V.H.F.")
Amplitude, Current
15-16
Amplitude Modulation
51, 266
73, 331, 332
Angle of Radiation
52
Anode
352-361
Antenna Construction
325-330
Antenna Couplers
317
Antenna Input Impedance
352-353
Antentui Masts
453-457
Antetituis, Mobile
3M-352
Ardent ias, Receiving
Ant
Length.
333-334, 338, 348, 415-416
352
Anterina Switching
Ant erituts for Restricted Space 339-340
413-421
Antennas for V.H.F.
157
Antenna for 80 Meters
341-342
Antennas for 160 Meters
309
Antinode
435-436
Antistatic Powder
344
Array
351
Arrays in Combination
491-496
Assembling a Station
72-75, 365
Atmosphere Bending
16
Atoms
58-60
Audio-Amplifier Classifications
499-500
Audio-Circuit Rectification
86
Audio Converters
17
Audio Frequencies
258
Audio Harmonics, Suppression of
94
Audio Image
Audio Limiting
92 -93
Audio Oscillators
475- 478
Audio Power
270
Auroral Reflection
75, 364
Autodvne Reception
76, 80
Automatic Volume Control
90 -91
Autotransformer
40
Average-Current Value
17
Awards
533-535
"B" Batt er y
52
BT-( ' tit (' rvstals
131
Back-E.'M
.
26
Back- Wave
231
Baffle Shields
50
50
Balanced Circuit

PAGE

Balanced Modulator
293-294
Band-Changing, Receivers
82
Bandpass Filters
540-541
Bands, Amateur
14
Bandspreading
82-83
Bandwidth
77
Bandwidth, Antenna
331
Basic Radio Propagation Predictions
363
Battery
16
Bazooka
388
B.C.I.
497-501
Beam Antennas
338-339,344-351
Beam Tetrodes
63
Beat Frequencies
51
Beat Note
76
Beat Oscillator
90
Bending, Tropospheric
72-75,365
Bent Antennas
340,341-342
Bias
56-57,139-140,235,258
Bias, Cathode
65
Bias Modulation
272-274
Bias Supplies
220-222
"Birdies "
84,103
Blanketing
499
Bleeder
211,214
Blocked-Grid Keying
232
Blocking Condenser
48
Body Capacity
81
Booms, Rotary Beam
356-358
Brass Pounders League
535
Breakdown Voltage
25
Break-In
231,238-239,297,495,523-524
Bridge Rectifiers
209
Bridge-Type Standing- Wave Indicators . 486-489
Broadband Antennas
420
Broadcast Interference, Eliminati o n o f. . 497-501
Broadside Arrays
344,345
Buffer Amplifier
129,269
Buffer Condenser
227-228
"Buncher"
428
Butterfly Circuits
424
Button, Microphone
241
Buzzer Code- Practice Set
14
By- Pass Condenser
49,153
By- Passing
49,153,506-507
"C" Battery
55
C(
Capacitance)
23
C-L Ratios
44,138
C-R and R-L Time Constants
29-31,539
Cable Lacing
519
Canadian Director
12
Capacitance and Condensers
23-26
Capacitance:
Distributed
49
Feed-Back
62
Inductance, and Frequency Charts. . . 538,539
Interelectrode
61,62,145
Measurement
474
Specific Inductive
23
Tube Input
61-62
Tube Output
63
Capacitance-Resistance Time Constant
29
Capacitive Coupling
45,143-144,509
Reactance
32-33
Carbon Microphone
241
Carrier
51,266
Carrier Suppression
293-294
Cascade Amplifiers
58
Cascade R.F. Amplifier
367
"Catcher "
429
Cathode
52-53
Circuits
64-65
Construction
53
Directly Heated
53
Follower
64
Indirectly Heated
53
Keying
232
Modulation
277-278
Resistor
65

PAGE

Cathode- Bias Calculation
65
Cathode-Ray Oscilloscopes
479-484
Cavity Resonator
424-427
Cell. 16
Center-Fed Antenna
335-337
Center-Tap, Filament
64
Center-Tap Full-Wave Rectifier . 208-209
Center-Tap keying
232-233
Center-Tap Modulation
277-278
Channel
266
Characteristic Curve
54-55
Characteristic Impedance
307,313-314
Characteristics, Crystals
131
Characteristics, Dynamic
55
Characteristics of Amateur Bands
70
Characteristics of Radio Waves
70-72
Charges, Electrical
15,16
Chassis Layout
515-516
Chirp, Keying
133-134,231
Choke:
Coil
26,213
Filter
213
Radio- Frequency
48,153
Swinging
214
Choke-Coupled Modulation
271-272
Choke- Input Filter
213-215
Circuit Tracking
83,98
Circuits:
A.V.C.
90-91
Amplifier Output
57-58
Balanced
50
Butterfly
424
Cathode
64-65
Center-Tapped Filament
65
Clapp
133
Coaxial- Line
423
( 'olpitts
67,133
Combined A.C. and D.C.
48
Converter
85-86
Coupled
44-47
Detector
78-80
Dynatron Oscillator
68
Electrical
15-51
Filter
212-215,541
Grid Separation
64
Ilartlev
67,68,133
highC
44
High- Frequency Oscillator
86
Keying
232-233
Lag
234-235
Low-C
44
LI?
34-35
I.umped-Constant
423-424
Negative- Resistance Oscillator
68
Neutralizing
145
Open
19
Oscillators
66-69
Parallel
20,28,59
Parallel-Resonant
42-48
Pot-Tank
428
Power- Amplifier
58
Primary
37
Push-Pull
58 147
Radio- Frequency Power-Amplifier. . . 134,136
RC
29-30
Receiver (see " Receivers")
Rectification
54
Rectifier
208-209
Resonant
41-43
Resonant-Line
423
Screen-Clamper
141
Secondary
37
Selenium Rectifier
222
Series
20-22,25-26,28
Single-Ended
50
Sweep
483-484
Tracking
97
Transition Oscillator
68
Transmitter (see " Transmitters")
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Tuned-Plate Tuned-Grid
67-68
VFO
133
Voltage Multiplying
222-223
Clapp Oscillator
133
Class A Amplifiers
58
Class AB Amplifiers
60
Class B Amplifiers
59-60
Class B Modulators
257-262
Class C Amplifiers
60
Clicks, Keying
231, 233-235
Clipping, Speech
247-251
Clipping-Filter Circuit
249-251
Closed Stub
317
Club Affiliation
532
Coaxial Antennas
420
Coaxial- Electrode Tubes
389
Coaxial- Line Circuits
423
Coaxial Plug Connections
518-519
Coaxial-Line Matching Section
350
Coaxial Transmission Lines
312, 314
Code (Continental) and Code Practice . . 13-14
Code Proficiency Certificate
534
Coefficient of Coupling
29, 46
Coefficient, Temperature
19
Coil (see " Inductance")
Cold-Cathode Rectifiers
209
Collinear Arrays
344-345
Color Codes, RMA
520-521
Colpitts Circuit,
67, 132-133
Combined A.C. and D.C.
48-50
Combination Arrays
351
Compact Antennas
340, 341
Complex Waves
17, 37
Component Values
519
Compression, Speech Amplifier
246-247
Concentric- Line Matching Section
350
Concentric Transmission Line
312
23
Condenser
82
Band-Set ting
82
Bandspreading
48, 153
Blocking
Color Code
520, 521
Coupling
57, 153
Series and Parallel Connections
25-26
Condenser- Input Filter
212-213
Condensers:
82
Bandsprea.d
227-228
Buffer
49, 153
By- Pass
520
Ceramic
25
Electrolytic
212-215
Filter
Fixed
24-25, 520
Main-Tuning
82
Neut ralizing
145
Padding
83
Trimmer
83
Variable
24-25
Conductance
16
Conductance, Mutual
55
Conductivity
15, 16, 544
Conductor Size, Antennas
334
Conductors
16
Cone Antennas
420
29-31, 91
Constant, Time
44
Constants, LC
Constant-Voltage Transformers
224
Construction, Antenna
352-361
Construction Practice
514-521
Continental Code
13-14
Control Circuits, Station
492-493
Control Grid
54
Conversion Efficiency
84
Converters, A.C.-D.C.
227
Converters, Audio
86
Converters, Frequency
83-84, 99
Converters, V.H.F.
370-376, 440-444
Copper-Wire Table
545
Cores
26, 27-28, 216

PAGE

Corner Reflector Antenna
Counterpoise
Countries List, AREL
Coupled Circuits
Couplers, Antenna
Coupling
Coupling:
Antenna to Receiver

421
342
549
44 -47
325-330

29

81, 118,
119, 320-321, 387-388
Amplifier Ou4aft
136-138
Antenna To Transmitter
325-330
Bandpass
161, 182-183
Capacitive
45, 143, 509
Choke
57
Circuits
44-47, 57
29
Close
Coefficient of
29, 45
Condenser
57
Critical
46
Impedance
57
Inductive
45, 142
Interstage
141-144
47, 142, 322, 324
Link
29
Loose
Pi-Section Tank
143-144
Resistance
57,242
Transformer
45-46 57. 242
To Transmission Lines
136-138
To Wave Guides and Cavity Resonators. 427
Tuned
- 137, 138, 321-322
Critical:
Angle
73
46
Coupling
Frequency
73
Inductance
213
Critical Coupling
46
Cross- Modulation
97
Cross-Talk
499
Crystal Characteristics
131
Crystal-Controlled Converters. 122-125, 370-376
Crystal-Controlled Oscillators
129,
130-132, 390-391
Crystal-Controlled Transmitter Construction (see " Transmitters" and " Very- High
Frequencies")
Crystal Detector
77
Crystal Filter, Tuning with
95, 100
Crystal:
1)iodes
542
Filters
95
Grinding
131-132
Microphone.
24 I
Oscillators
129, 130-132, 390
Resonator
47
Crystals, Overtone
390
Crystals, Piezoelectric
47-48, 131-132
Current:
Alternating
16, 32-40
Antenna
337
1)irect
16
Distribution, Antenna
337
Eddy
28, 40
Effective
17
Electric
15-16
Feed for Antenie s
335
Lag and Lead
31, 33-36
Line
307
Loop
309
Magnetizing
38
Measurement
468
Node
309
Plate
53
Pulsating
53
Values
17
Current-Intensity Modulation
424
Curves, Tube-Characteristic
55
Cut-Off Frequency
540
Cut-Off, Plate-Current
54-56, 63, 139-141
C.W. Procedure
22-523

C.W. Reception
Cycle
Cyclic Variations in Ionosphere
Cylindrical Antennas
D Region
Data, Miscellaneous
D.0
D.C. Instrument •
DX Century Club
DX Operat ing Code
Dead Spots
Decay, Voltage
Decibel
Decoupling
Deflection Plates
Degeneration
Degree, Phase
Deionizing Voltage
Delayed A. V C
Delta Matching Transformer
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99-100
16,31
74-75
420
73
5i7-549
16-17
468
533-534
526
81
539
537
88-89,244-245
479
60-61
31
66
90
320,336,
3.".0,414
. 51,77-82
15
244-245
51,76-82

Demodulat ion
Density, 1. lux
Design of Speech Amplifiers
Detection
Detectors:
Crystal
77
Diode
77-78
Grid- Leak
80-82
Infinite-Impedance
79-80
Plate
79
Regenerative
80-82
Deviation Ratio
286
Diagrams, Schematic Symbols for
2
Diamond Antenna
343-344
Dielectric
23
Dielectric Constants
23
Dies
515
Difference of Potential
15,16
Diffraction of Radio Waves
71
Diode Detectors
77-78
Diodes
53
Dipole, Folded
318-319,350,415
Dipole, Half-wave
333
Direct Current
16-17
Direct Feed For Antennas
335
Directive Antennas
338-339,344-351
Direct ivi t
y, Antenna
335,338-339,344-351
Director, Antenna
348
Directors, ARRL
12
Discharging, Condenser
23
Discriminator
101
Dissipation, Grid
139
Diasipat ion, Plate and Screen
138-141
Distortion, Harmonic
56-57
Distributed ( 'apacit ance and Induct alive . .
49
Dividers, Voltage
217-218
Divisions, ARRI.
12
Door-Knob Tube
427
Doubler, Frequency
129
Doublet, Folded
318-319,350,415
Doublet, Half-Wave
333
Double- Humped Resonance Curve
46-47
Double-Sideband Redueed-f artier
294
Double Superheterodyne
84
Drift, Frequency
67-68,132
Drift Space
428-129
Drill Sizes (Table)
515
Driven Element Directive Ant enna •
344
Driver
59,129
Driver Power
138-139,241
Drivers For Class 13 Modulators
257-262
Driving-Power Plate-Circuit-Efficiency ( 'urve 139
Dummy Antenna
152,508
Duplex- Diode, Triodes and Pentodes
66
DM 'C
533-534
Dynamic:
Characteristic •
55
Instability
67-68

Microphones
Dynamotors
Dynatron Oscillator
E ( Voltage)
E Layer
E.M.F., Back
E.M.F., Induced
Eddy Current
Effective Current Value
Efficiency
Amplifier
Conversion
Transformer
Electric Current
Electrical Charge
Electrical Laws and Circuits
Electrode
Electrolytic Condensers
Electromagnetic:
Deflection
Field
Waves
Electromotive Force ( E.M.F.)
Electron-Coupled Oscillator
Electron:
Gun
Lens479
Transit Time
Electronic:
Conduction
Keys
Switching
Voltage Regulation218-219
Electrons
Electrostatic:
Coupling45-46
Deflection
Field
Shield
Waves1-72
Element Spacing, Antenna
Elements, Antenna
Elements, Vacuum Tube
Emergency Communication
Emergency Communications
Emergency Coèirdinator
Emergency Power Supply
Emission:
Electron
Secondary
Thermionic
End Effect
End-Fire Arrays
Energy
Excitation
Grid
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241
226

68-69,429
17
73
26
26
28,40
17
22-23
138-139
84
38,39
16
15
15-51
52
25
479
15
15,71
16
130,133
479
427
16
239
66
16
479
15
125,509
7
344
344
52
529-531
530
531
226-230
52
62
52
333
344,345-346
22-23

138-139
67
Parasitic
348
Exciter t " nits (see " Transmitters")
Exciting Voltage
58
Extended Double-Zepp Antenna
347
FM (see " Frequency Modulation ")
F- Layer
73,363
Fade-Outs, Radio
75
Fading
74
Farad
24
Faraday Shield
125,509
Feed, Series and Parallel
48-49
Feed- Back
60-61,96-97,261-262
Feislers and Feed Systems
307-330,335-337
Feeding Close- Spaced Antenna Arrays
349
Feeding half- Wave Antenn s
335-337
Feeding Long- Wire Antenn is
339
Fidelity
77,88,240
Field birection
15
Field, Electromagnetic
15
Field, Electrostatic
15
Field Intensity
15,331
Field, Magnetostatic
15
Field Strength
331
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Field-Strength Meter
484,485
Eilament
52-53
Filament Center-Tap
64-65
Filament Hum
64-65
Filament Supply
216
Filament Voltage
139
Filter Component Ratings
215
Filter, Crystal
95,100
Filter Resonance
215
Filters
5-10-541
High Pass
512
Keying
233-235
Line
501
Low Pass
509-511
Power Supply
211-215
R.F.
233-235
Filtering, Speech
247-248
Finishing Aluminum
517
Firing Voltage
-183
First Detector
83
Fixed Condenser
24-25
Flat Lines
312
Flux Density, Magnetic
15,28-29
Flux, Leakage
39
Flux Lines
15
Fly-Back
480
Focusing Electrode
479
Folded Dipole
318-319,335-336,350,415
Force, Electromotive
16
Force, Lines of
15
Form, Message
528
Free Space Pattern
334
Frequency
16
Amateur Allocations
14
Audio
17
Converters
84-86
Critical
73
Deviation
285
Doubler •
129
Drift
67-68,132,13-1
Fundamental
17
Inductance and Capacitance Charts . . 538,539
Marker
-160
Multiplier 129,148-149,
391,410-412
Radio
17
Resonant
41
Response
61,240,242
Restriction of Response
246
Ripple
211-212
Side
51
Spectrum
17-18
Spotting
493-494
Frequency Measurement.:
Absorption Frequency Meters
. 464-465
Frequency Standards
459-460
Heterodyne Frequency Meter •
460-461
Interpolation-Type Frequency Meter 461-464
Lecher Wires '
465-166
WW V Schedules
459
Frequency Modulation
285-292,392
Coi st met ional
Narrow- Band Reactance-Modulator
Unit
290
Deviation Ratio
286
Discriminator
Ill
Index
286
Methods
288
On V.H.F.392
Principles
285
Reactance Modulator
288-289
Reception
101
Transmitter Checking
2'11-292
Frequency-Wavelength Conversion
18
Front - 1
o- Back Ratio
331
Full Wave Bridge Rectifiers
209
Full- Wave ( enter-Tap lt"etifiers
. 208-209
Fusing
496
Gain Control
lk, 99,214
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"Gamma" Match
319-320,350
Ganged Tuning
83
Gaseous Regulator Tubes
218
Gasoline- Engine-Driven Generators
230
Genemotors
230
Generator
16
Generator Noise
435
Grid
54
Bias
64-65,139-140,258
Condenser
67,153
Current
54,139
Excitation
67
Keying
232
Leak
139
Resis tor
57
Suppressor
62
Voltage
54
Grid- Bias Modulation
272-274,283
Grid-Cathode Capacitance
61-62
Grid-Control Rectifiers
66
471
Grid Dip Meters
Grid-Input Impedance
141
Grid- Leak Detectors
80-82
Grid- Plata Capacitance
61-62
Grid- Plate Crystal Oscillator
130
Grid- Plate Transconductance
55
Ground
49-50,332-333
Grounds
342
Ground Effects
332-333
Ground Waves
72
Ground Potential
49-50
Grounded Antennas
341-342
Grounded-Grid Amplifier
64,367-368,391
Guys, Antenna
353-354
Half-Wave Antenna
333
Half-Wave Une
391
Half-Wave Rectifiers
208
Fhdyards, Antenna
354
Harmonic
17
Antenna
337-339
Distortion
56-57
Generation
158,504-505
Operation of Antennas
337-339
Reduction
158,392,499,503
Suppression, Audio
258
Trap •
505
Hartley Circuit
67,68,132-133
Hash Èfinnnafion
228
Heater
53
}leafing Effect
17
Henry
26
Heitz Antenna
333
Heterodyne Frequency Meters
460-461
Heterodyne Reception
76
Hetenalyning
51
High-C Circuit
44
High Frequencies
17
High-Frequency t'innnsunication
70-75
86-87
High-Frequency Oschhaor
High-Frequency Receivers
76-128
Ifigh-Frequency Transmit ters
129-207
High- Pass Filter 512
Ifigh-g Circuit
42-43
High- Vacuum Rectifiers
53,54,209-210
Iligh lu 'rubes
55
Hiram Perin' Maxim Memorial Station
12,532-533
History of Amateur Radio
9-14
Hofizonbd Angle of Radiation
331
liofizonbd Polarization of Radio Waves...
71
Hum .
64-65,81,263-265,283
Hyst eresis
28
/ ((' wsent)
15-16
Ignition Interference
434-435
Image:
A. F
. 94
FL F
. 84
Image Ratio
84
Image Response
499
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Impedance
35-36
Antenna
331,332,338,414
Characteristic
307,313-314
Complex
35
Grid Input
141
Input
311,317
Matching
39,257-258,414-415
Modulating
270-271
Surge
307
Transformation
311-312
Transformer
311-312
Transformer Ratio
39,257-258
Transmission-Line
307
Impedance-Coupled Amplifiers
57
Imperfect Ground
332
Impulse Noise
92
Indicators, Tuning
93-94
Induced E.M.F.
26
Inductance
26-29
Capacitance, and Frequency Charts
538
Critical
213
Distributed
49
Leakage
39
Measurement
474
Mutual
28-29
Of Small Coils
537
Optimum Value
213
Slug-Tuned
83
lndustance-Resistance Time Constant. .. . 30-31
28
Inductance in Series and Parallel
23
Inductive Capacitance, Specific
45,142,322
Inductive Coupling
145,147-148
Inductive Neutralization
33-34
Inductive Reactance
26
Inductor
79-80
Infinite Impedance Detector
213
Input Choke
:311,317
Input Impedance
77,103
Instability, Receiver
17
Instantaneous Current Value
16
Insulators
61-62
Interelectrode Capacitances
503
Interference Patterns
83-84
Intermediate Frequency
Intermediate Frequency Amplifier
87-91,94
Intermediate-Frequency Bandwidths, Table 89
Intermediate-Frequency Noise Silencer. . . . 93
Intermediate-Frequency Transformers .. . . 88-89
Intermittent Direct Current
16-51
Interpolat ion-Type Frequency Met er . . . 461-464
Interruption Frequency
••
141-144
Interstage Coupling
71
Inverse- Distance Law of Propagation
210
Inverse Peak Voltage
244
Inversion, ¡'hase
364
Inversion, Temperature
15,72-75,363-365
Ionization
66
Ionizing Voltage
71-75,36:3-365
Ionosphere
75
Ionosphere Storms
72-75
Ionospheric Propagation
Ions
15,72
Iron Core Coils
27-28,37,38
Isolating Amplifiers
133
"J" Antenna
414
Keeping a Log
527
Key Chirps
2:31
Key Clicks
231,2:33-235
Keyer Tubes
233
Keying:
Back-Wave
231
Break-In
231-232,238-2:39
Electronic Keys
239
Key-Click Reduction
233-235
Methods:
Blocked Grid
2:32
Cathode or Center-Tap
232
Plate
2:32
Screen-Grid
232
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Tube Keyer
233,236
Monitoring
236
Oscillator Keying
231-232
Parasitic Clicks
146-147,235
Relays
233
Kilocycle
17
Kilohm
20
Kilovolt
22
Kilowatt
22
Kilowatt Hour
23
Klvstrons
428-429
L(
Inductance)
26-29
LC Constants
44
L/C Ratios
44,138,273
L-R Time Constant
30-31
"L "-Section Filters
541
Lacing Cable
519
Lag Circuits
233-235
Lag, Current or Voltage
31,33-36
Laminations
28
Laws Concerning Amateur Operations
13
Laws, Electrical
15-51
Lazy- II Antenna
346
Lead, Current or Voltage
31,33-36
Lead- In, Antenna
354-355
Leakage Flux
39
Leakage Inductance
39
Leakage Reactance
39
Lecher Wires
465-466
Level, Microphone
240
License Manual, The Radio A tnateur's
13
Licenses, Amateur
13
Lighthouse Tubes
367,386,428
Lightning Protection
355
Limiters, Noise
92-93,436
Limiting Resistor
218
Line Current
36
Line Filters
501
Line- Voltage Adjustment
224
Linear Amplifiers
59-60,295-297,304-306
Linear Antenna Transformer •
317
Linear Sweep
480
Linearity
56,269,270
Lines:
Flux
15
Matched
308
Lines of Force
15
Lines, Nonresonant and Resonant
312
Lines, Parallel Conductor
312
Lines, Transmission
307-330
Link Coupling
47,142,322,324
Link Neutralization
147-148
Lissajous Figures
480
Load
22,55-56
Load Impedance
257
Load Isolation ,VFO
133
a3,55-56
Load Itesistor
43,44
Loaded Circuit Q
83,86-87
Local Oscillator
365
Locations, V.H F
81-82
Locking- In
Log, Station
527
Logarithmic F.S. Meter
485-486
Long- Wire Antennas
337-339
Long-Wire Directive Array 342-344
Loops
309
Losses, Hysteresis
28
Loudspeaker Coil ('olor Code
521
Low-(' Circuit
44
Low Frequencies
17
Low- Level Modulator
285
Low- Pass Filters
248,509-511,540-541
Low-14 Tubes
55
Lumped-Constant Circuits
423-424
MUF (see " Maximum Usable Frequency")
Magnetic Storms
75,364
Magnetizing Current
38
Magnetrons
429-430
Marker Frequencies
460
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Power

Masts
352-353
Matched Lines
308
Matching, Antenna
316-320,335 -33 6
Maximum Inverse Peak Voltage
210
Maximum Usable Frequency
73,363
Measurements:
Ant enfla
484-490
Capacitance
474
Current
468-471
Field Strength
484-186
Frequency
458--466
Inductance
474
Modulation
263-265,279,47 1i
Output Power
152
l'hase
31
Power
469
Resistance
468-471
Standing-Wave Ratio
486-490
Voltage
468-471
Measuring Instruments
458
Medium of Propagation
71
Medium-ei Tubes
55
Megacycle
17
Megatrons
428
Megohm
20
Mercury-Vapor Rectifiers
66,210
Message Form
528
Message Handling
527-529
Meteor Trails
75,364
Metering
149-152
Meters, Volt-Ohm-Milliampere
469-471
Meter Switching
149-152
Mho
19
Microampere
20
Microfarad and Micromicroffirad
24
Microhenry
27
Micromho
19,55
Microphones
240
Microvolt
20
Microwaves ( see also " Ultra-Iligh-Frequen vies )
422
Milliammeters
53,468
Milliampere
17
Millihenry
27
Millivolt .
20
Milliwatt
22
Miscellaneous Data
537-549
Mixers
83-84,368
Mobile Antennas
453-457
Mobile Equipment
436-457
Mobile Power Supply
453
Mobile Receivers
436-444
Mobile Transmitters
445-452
Modes of Propagation
425-426
Modulation, Heterodyning and Beats
50-51

Screen-Grid Amplifiers
Suppressor
Test Equipment
Velocity

Modulation:
Amplitude Modulation
51,266
Capability_
269
Cathode Modulation
277-278
269
Characteristic
Checking AM ' Phone Operation
263-265
Choke-Coupled
271-272
Controlled-Carrier System .
276
Depth
266-267,286
Driving Power
260
Envelope
267
Frequency Modulation
285,392
(rid- Bias Modulation
272-274,283
lleising
272-273
Impedance
27C
I
Index
288
I.inearity
269
Methods
269-270
Monitoring
284,467-468, 479
Narrow-Band Frequency
Percentage of
Phase

Plate
Plate Supply

286
266-277

286

270-272

259,269,282

Local

267
274-276

276-277

263-265,279

428
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Negative-Resistance
Operating Characteristics of
Pierce
Tri-Tet
Tuned-Plate Tuned-Grid
U.H F
V.H.F.
Oscillators, Test
Oscilloscope Amplifiers
Oscilloscope Patterns

68-69,429
67-68
130
130
67-68
427-433
390
479
483-484
264,279-281,
296,301, -181
263-265
215
247
58,152
242
53
259
268
284
22-23

Oscilloscopes
Output Condenser, Filter
Output Limiting
Output Power
Output Voltage
Oxide-Coated Cathode
Overexcitat ion
Overmodulation
Overmodulation Indicators
1' ( Power)
PM (see " Phase Modulation")
Padding Condenser
83
Parabo ic Reflectors
420-421
Paralle Amplifiers
57,147-148
Paralle Antenna Tuning
323-324
Parue Capacitances
25
Paralle Circuits
25-26,28,36
Paralle - Conductor Line
312
Paralh Feed
48-49
Para II( Impedance
36-37,43
Paralle Inductances
28
Paralle Resistances
20-22
Paralle Resonance
42-43
Paralle liming
323-324
Parasitic Elements, Antenna Arrays with 348-351
Parasitic Excitation
348
Parasitic Oscillations
146-147,149
Passband, Receiver
77,78
Patterns, Oscilloscope
264,279-281,
296,301,481
Patterns, Radiation
334,338
Patterns, TVI
503
Peak-Current Value
17
Peak Voltage Rating
210
Pencil 'rubes
367,386,389
Pentagrid Converters
85-86
Pentode Amplifiers
63
Pentode Crystal Oscillators
130
Pentodes
62-63
Percentage of Modulation
266-277
Per Cent Ripple
212-213
Permeability
27
Phase
31-32
Phase Inversion
244
Phase Modulation (see also " Frequency
Modulation")
286-288
Phase-Modulation Reception
101
Phase Relations, Amplifiers
56
Phase Shift
287
Phased Antennas
346
'Phone Activities Manager
531
'Phone Reception
100
Phonetic Alphabet
525
Pilot Lamp Data (Table)
543
Pi-Section Filters
138
Pierce Oscillator
130
Piezoelectric Crystals
47-48
Piezoelectric Microphone
241
Piezoelectricity
47
Plane-Reflector Antennas
420
Plate
52
Plate-Cathode Capacitance
61-62,145
Plate- Circuit- Efficiency- Driving- Power
Curve
139
Plate Current
53
Plate-Current Shift
282-283
Plate Detectors
79
Plate Dissipation
138-139
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Plate Efficiency
58,138-139
Plate Modulation
270
Plate Neutralization
145
Plate Resistance
55
Plate Resistor
57
Plate Supply
259,269
Plate Transformer
215-216
Plate Tuning, Power-Amplifier
149-152
Plates, Deflection
479
"Plumber's Delight" Antenna
358-359
Polarization
71,331,333,413-414
Portable Antennas
420,453-457
Positive Feed-Back
61
Pot Tank Circuits
428
Potential Difference
15,16
Potential, Ground
49-50
Powder, Antistatic
435-436
Power
22-23
Power Amplification
58-60
Power-Amplification Ratio
58
l'ower Factor
37
Power Gain, Antenna
331,338
Power Input
53
Power Measurement
22-23,469
Power Output
58,152
Power, Reactive
.
34
308
Power, Reflected
Power Sensitivity
58
Power-Supply Construction Data
225-226
Power Supplies:
A.C.-D.C. Converters
227
Bias Supplies
220-222
Combination A.C.-Storage Bat tery Supplies
230
Constructional (See also Chapters Five
and Six):
Dry Batterie •
230
Dynamotors
226
Emergency Power Supply
226-230
Filament Supply
216
Genemotors
230
Heavy- Duty Regulated Power Supply 219
Noise Elimination
228,230
Plate Supply
259,269
Principles
208
Receivers
106,111,124
Vibrators
227
Vibrator Supplies
227-230
Preamplifier, Receiver
98-99
Predict ion Charts
75
Preferred Values, Component
519
Prefixes
548-549
Preselectors
98
Primary Coil
37 •
Procedure, C.W
522-523
Procedure, Voice
524-525
Propagation, Ionospheric
72-75,362-363
Propagation Modes
425-426
Propagation Pattern
334-338
Propagation Phenomena
363-365
Propagation Predictions
75,363
Propagat ion, V. H. t•'
362
Protective Bias
139-140
Public Relations
497-498
Public Service .
10-11
Pulleys, Antenna
354
"Pulling"
81-82, 84
Pulsating ( ' urrent
53
Puncture Voltage
23, 25
Push- Pull Amplifier
. 58-59, 148
Push- Pull Multiplier
149
Push- to- talk
495
Q
41-48,83,95,135-138,142,273,350,427
"Q5-er"
90-96
"Q" Antenna
414
Q, Loaded Circuits
43-44
"Q "-Section Transformer
317,414
Q Signals
547
QST
10
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Quarter-wave Transformer
317
Quench Frequency
369
R (
Resistance)
18-22
RC Circuits
29-30,539
R.F.
17
R.M.S. Current Value
17
RST System
547
Radiation
312
Radiation Angle .
73,331,332
Radiation Characteristics
335
Radiation from Transmitter
507-508
Radiation Patterns
334,338
Radiation Resistance
334,338
Radio Amateur Civil Emergency Service... 531
Radio Frequency
17
Amplification
135-139
Amplifiers (Receivers)
96
Choke Coil
48,153
Feed-Back.
60-61,96-97
Filters
234,505-507
Power-Amplifier Circuits
135-149
Radiotelegraph Operating Procedure . . . 522-523
Radiotelephone Operating Procedure 524-525
Radiotelephony:
Adjustments and Testing . 263-265,279
Audio-Harmonic Suppression
258
Class B Modulators
241
Checking AM Transmitters
278-284
Checking FM and PM Transmitters. 291-292
Constructional:
20-Watt Speech Amplifier/
Modulator
252-253
40-Watt Modulator
252-2.53
6L6 Modulators for
Clipper-Filter Speech Amplifier. . 249-251
Low-powered Transmitters
252-253
Push-Pull 807 Modulator and Speech
Amplifier
255-256
Screen Modulator
254
Crystal-Filter SSB Exciter
. 302-304
High-Power Modulators
257
Narrow-Band
Reactance-Modulator
Unit
290
Phasing-Type SSB Exciter
297-301
Driver Stages
259-262
Measurements.
263-265,279
Microphones
240
Modulation
266
Monitors
237-238,284,467-468
Output Limiting
247
Overmodulation Indicators
284
Principles
266
Reception
100
Resistance- Coupled Speech- Amplifier
Data
243
Single-Sideband Transmission
233
Speech Amplifiers
241
Volume Compression
246-247
Radio Waves, Characteristics of. . 70-72,362-365
Rag Chewers Club
534
Range, V.H.F.362
Ratio, Image
84
Ratio, Impedance
39-40
Ratio, Turns
38
Ratio, Power-Amplification
58
Ratio, Standing Wave
310,486-490
Ratio, Transformer
257
Ratio, Voltage-Amplification
56
Ratio, L/C
44,138
Reactance, Capacitive .
32-33
Reactance, Inductive
33-34
Reactance, Leakage
39
Reactance, Linear
317
Reactance, Modulator
288-289
Reactance, Transmission-Line
308
Reactive Power
34
Readability Scale
547
Rebound
364
Receiver Servicing
102-103
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Receivers, High- Frequency: eSee also
Antennas for
351-352
Constructional:
1-Tube Converter for 10 and 11 Meters
120-121
1-Tube Regenerative Receiver
104-106
8-Tube Regenerative S.S. Superheterodyne
107-111
Antenna Coupling Unit for Receiving . . 117
Band-Switching Preselector for 14 to
30 Mc
115-116
Clipper/Filter for C.W. or ' Phone. 112-113
Crystal-Controlled Converters for 14,
21 and 28 Mc
122-125
Receiver Matching to Coaxial Line . . . 119
Receiver Matching to Tuned Lines . . . 118
"Selectoject "
114
Sharp I.F. Amplifier for ' Phone or C.W.
126-128
Noise
76-77
Selectivity
77,94-98
Sensitivity
76-77,98-99
Servicing
102-103
Stability
77
Tuning
99-100
Reception NFM, FM and PM
101
Reception, Single-Sideband
101
Rectification
53-54
Rectified A.C.
53
Rectifiers
66,209-210,542
Rectifiers, Grid-Control
66
Rectifiers, Mercury-Vapor
66,210
Rectifiers, Selenium
210,222-223
Reflected Impedance
35
Reflected Skip
363-365
Reflected Waves
308,363-365
Reflection of Radio Waves
71,72,363-365
Reflection from Meteor Trails
364
Reflection, Ground
72,332
Reflector, Antenna
348
Reflex Klystrons
430-433
Refraction of Radio Waves
71,72,365
Regeneration
60,61,99
Regenerative Detectors
80-82
Regenerative I.F.
94-95
Regenerative R.F. Stage, Receiver
96
Regenerative \ Vavemeter
472-474
Regulation, Voltage
211,212
Regulations, Amateur
13-14,497
Regulator Tubes
218
Regulator, Voltage
219
Relays
233,495
Resistance
18-22
Coupling
57,242
Load
211
Measurement
469
Negative
68
Plate
55
Radiation
334,338
Temperature Effects
19
Wires
18-19
Resistance- Bridge Standing-Wave Indicator
486-489
Resistance-Capacitance Time Constant... 29-30
Resistance-Coupled Amplifier Data (Chart) 243
Resistance in Series and Parallel
20-22
Resistivity
18
Resistor
19
Resistor Color Code
521
Resistor Wattage
22-23
Resonance
40-44
Parallel
42,43
Series
40-42
Resonance Curve
. 41-43,77
Flat-Topped
46-47
Resonance, Filter
215
Resonance, Sharpness of
41-43,350
Resonant- Line Circuits
423
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312
Resonant Transmission Lines
Resonator, Cavity
424-427
Response, Flat
61
Response, Frequency
61,240,242
Response, Tuned-Circuit
540
Restricted-Space Antennas
339-340
Restriction of Frequency Response
246
Return Trace
48
Rewinding Transformers
216-217
Rhombic Antenna
343-344
Rhumbatrons
428
"Ribbon" Microphone
241
Ripple Frequency and Voltage
211-212
Rochelle Salts Crystals
47
Rotary Antennas
349
Rotary-Beam Construction
355-361
Route Manager
531
S- Meters
93-94
S Scale
547
SSB Exciters
297-304
Safety
495-496
Saturation
27,215
Saturation Point
53
Sawtooth Sweep
483
Scatter
74,364
Screen By- Pass Condenser
66
Screen Circuits, Tuned
392
Screen Dissipation
141
Screen-Dropping Resistor
66
Screen-Grid Amplifiers
134,141,271
Screen-Grid Keying
232
Screen-Grid Tubes
62-63
Screen-Grid Modulation
274-276
Screen-Grid Tube Protection
141
Screen-Voltage Supply
66
Second Detector
83-84,89-90
Secondary Coil
37
Secondary Emission
62
Secondary Frequency Stapdard . . . . 458,459-460
Section Communications Manager
531
Section Emergency Coordinator
531
Section Nets
532
Selective Fading
74
Selectivity
46-47,76-77
Selectivity Control
95
Selectivity, Receiver
77,94-98
210,222-223,542
Selenium Rectifiers
139-140
Self-Bias
129
Self-Controlled Oscillators
26
Self-Inductance
Self-Oscillation
66-67,96-97
Self-Quenching
369
Sending
523
Sensitivity, Receiver
76-77,98-99
Series Antenna Tuning
323-324
Series Capacitances
25-26
Series Circuits
20-22,25-26,28
Series Feed
48-49
Series Inductances
28
Series-Parallel Resistances
21-22
Series Resistances
20-21
Series Resonance
41-42
Series Voltage- Dropping Resistor
217
Servicing Superhet Receivers
102-103
Sharp Cut-Off Tubes
63
Sheet Metal Cutting and Bending
517
Shielding
50,62
Shields
50
Shield, Electrostatic
125,509
Short Skip
363-364
Shorting Stick
495-496
Short-Circuiting
23
92
Shot Noise
Shunts, Meter
469-471
Sideband Cutting
88
Sideband Interference
266,268
Sidebands
51,266
Side Frequencies
51,266
Signal Generators
475-478
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Signal-Handling Capability
77
Signal-to-Image Ratio
84
Signal Monitor
236,467-468
Signal Monitoring
467
Signal-Strength Indicators
93-94
Signal-Strength Scale
547
Signal Voltage
55
Silencers, Noise
92-93
Sine Wave
17,31-37
Single- Ended Circuits
50
Single Sideband:
Amplification
295-297,304-306
Exciters
297-304
Signal Reception
86,101
Transmission
293-306
Reception
94
Single-Signal Reception
94-95
Skin Effect
19
Skip Distance
73-74,363-365
Skip Zot le
73
Skirt Selectivity
77
Skywave
72-75
Slug-Tuned Inductance
83
Smoothing Choke
215
Socket Connections ( Diagrams)
V5-V12
solar ( ,,. ele
363
Solderittg
517
Space ( large
52
Space Wave
72
Spark Plug Suppressors
434-435
Special-Type Tubes
66
Specific Inductive Capacity
23
Spectrum, Frequency
17-18,70
Speech Amplifiers
241
Speech Amplifier Design
244-245
Speech Clipping and Filtering . 247-248
Speech Compression
246-247
Speech Equipment
240-248
Splatter
268
Sporadic-E Layer Ionization
75,363-364
Sporadic-E Skip
363-364
Spreading of Radio Waves
71
Spurious Responses
84,100,512-513
Spurious Sidebands
283-284
Squegging
87
Squetteli Oscillator
369
Stal)ility, Amplifiers
144-147
Stability, Receiver
77,103,368
Stability, VFO
134-135
Stabilization, Voltage
218-219
Stacked Arrays
345,416
Stage, Amplifier
59
Stage, Driver
59
Stagger-Tuning .
46-47
Standard Component Values
519
Standards, Frequency
458
Standing Waves
308-310
Standing-Wave Ratio
310,486-490
Starting Voltage
218
Static Characteristics
55
Static Collectors
435
Station Control Circuits
492-496
Station Locations, V.H.F.
365
Straight Amplifier
129
Stray Receiver Rectification
499-500
Striking Voltage
483
Stubs, Antenna- Matching
317-318
Sunspot Cycle
74
Superheterodyne
83-84
Superhigh Frequencies ( See also " Very High
Frequencies")
18
Superimposed A.C. on D.C.
48
Superregeneration
369
Superregenerative Receivers
369-370
Suppressor Grid
62
Suppressor-Grid Modulation
276-277
Suppressor, Noise
92-93
Surface Wave
72
Surge Impedance
307
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Sweep Circuits
483-484
Sweep Waveforms
480
Swing, Grid
54
Swinging Choke
214
Switch
19
Switches, Power
495
Switching Antenna
352
Switching, Meter
149-152
Symbols for Electrical Quantities
543
Synchronous Vibrators
227
".
T"- Match to Antennas
319-320,350
"T"-Section Filters
541
Tank-Circuit Q
41-48,132,135-138,427
Tank Constants
135-138
Television Interference, Elimination
of
7:92,197 - 513
Temperature Effects
19
Temperature Inversion
364
Termination, Line
308
Tertiary Winding
89
Tetrode
62
141
Tetrode Amplifiers
Tetrodes, Beam
63
Thermal-Agitation Noise
76
Thermionic Emission
52
Thoriated-Tungsten Cathodes
53
Th vra trons
66
rCoil
80-81
Time Base
479-480
Time Constant
29-31,91,539
Tire Static
435
Tone Control
246
Tools
514-515
Trace, Cathode-Ray
480
436
Tracing Noise
Tracking
83,98
Tracking Capacity
98
Training Aids
532
Trans-Atlantics
10
Transconductance, Grid- Plate
55
Transformation, Impedance
44
Transformers
37-40
Transformer Color Codes
521
Transformer Coupling
57,242
Transformer, Delta- Matching
320,414
Transformer Efficiency
38-39
Transformer, " Q "-Se c.t ion
414
Transformer Ratio
257
Transformer Rewinding
216-217
Transformerless Power Supplies
222-223
Transformers:
Air-Tuned
88-89
Constant-Voltage
224
Filament.
216-217
I.F.
88-89
Linear-Circuit
317
Permeability-Tuned
89
Plate
215-216
Triple-Tuned
89
Variable-Selectivity
89
Transitron
69
Transit Time
427
Transmission Lines
307-330
Transmission Lines as Cirvuit Elements.... 423
Transmission-Line Construct ion
313
Transmission- Line Coupling
136-138
Transmission-Line Feed for Half-Wave
Antonnas
335-337
Transmission, Multi- Hop
74
Transmitters: ( See also " Very High Frequencies", "Ultra-High Frequencies" and
"Mobile")
Constructional:
Complete Transmitter Assemblies
1-Tube Transmitter for the
Beginner
154-158
175-Watt Transmitter for the 160- Meter
Band
189-191
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7- Band Miniature-Tube TransmitterExeiter
163-166
75- Watt Transmitter for 3 Bands. 167-169
All- Band Bandpass Exciter
179-184
Completely-Shielded 90-Watt Transmitter or Exciter .
170-174
Shielded 150-Watt Transmitter for Four
Bands
175-178
Silenced VFO for Break- In C.W... 194-196
Simple VFO
192-193
Single-Control
Power
LowTransmitter
159-162
Single-813 Transmitter
185-188
Power Amplifiers:
1- KW Beam-Tetrode Amplifier 204-206
450-Watt Push-Pull Triode Amplifier
197-199
Push- Pull 813 Amplifier
200-203
Line- Voltage Adjustment
224
Metering
149-152
Principles and Design
129
Rack Construction
207
Transverse Electric and Magnetic Mode.425-426
Trapezoidal Pattern
280-281
Trimer Condenser
83
Trim les54-55
Trioile Amplifier •
149-150
Triple- Detection Superheterodyne
96
Tripler, Frequency
129,149,391
Tri-Tet Oscillator
130
Troposphere Propagation72,75
Tropospheric Bending
72-75,365
Tropospheric Waves
72,75
Trouble Shooting (Receivers)
102
Tube Elements
52
'Fula' Keyer
236
Tube Noise
76
Tubes, Driver
261
Tubes, Modulator
257
Tubes, Parallel and Push- Pull
58-59
Tuned-Circuit Response
540
Tuned Coupling
137-138,321-322
Tuned Screen Circuits
392
Tuned-Grid Tuned- Plate Circuit
67-68
Tuned- Line Tank Circuit
391
Tuned Transmission Lines
312
Tuners, Antenna, Construction of:
Coax-Coupled Matching Circuit326-328
Lower-Power Rack- Mounted
Antenna
3
Coupler28-329
Receiver Coupler117-119
Series-Parallel Coupler for Wall Mounting
328
Wide-Range Antenna Coupler329-330
Tuning Indicators
93-94
Tuning R.F. Amplifiers
149-152
Tuning Range, Extending the Receiver.... 99
Tuning Receiver
81-82,99-100
83
Tuning Slug
Tuning Transmitters
149-152
Turns Ratio
38
TVI
392,497-513
TV Receiver Deficiencies
512-513
"Twin- Lamp" Standing-Wave Indicator 488-490
Twin- Lead
313-314
Ultra- High-Frequencies:
"Butterfly" Circuits
424
Cavity Resonators
424-427
Klystrons
428-429
"Lighthouse" Tubes
367,386,428-431
Lumped-Constant Circuits
423-424
Magnetrons
429-130
Megatrons
428
Tank Circuits
422-424
Techniques
430-433
Transmissimi-Line Tanks
423
4
Tubes27-430
Velocity Modulation
428
Wave Guides
424-427
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Unbalance in Amplifiers
148
Unbalance in Transmission Lines
314
Universal Antenna Couplers
325-330
Untuned Transmission Lines
342
Upward Modulation
267-268
"V" Antennas
342-343
VR-Tubes
218
Vacuum-Tube Principles
52-69
Variable Condenser
24-25
Variable-Frequency Oscillators:
Audio-I.F.
476-478
VFOs
132-135
(See also " Transmitter, Constructional,"
"Mobile," and " V.H.F.")
Variable-aTubes
63
Variable Selectivity
94-98
Velocity Factor
315
Velocity Microphone
241
Velocity-Modulated Tubes
428
Velocity Modulation
428
Velocity of Radio Waves
18,70-71
Vertical Amplifiers
484
Vertical Angle of Radiation
331
Vertical Polarization of Radio Waves
71
Very- High Frequencies (V.H.F.):
Antenna Systems:
Broadband Antennas
420
Coaxial Antenna
420
Cone Antenna
420
Corner-Reflector Antenna
421
Cylindrical Antennas
420
Delta Match
414
Design Factors
413
Directive Arrays
421
Folded Dipole .
415
"J" Antenna
414
Long-Wire Antennas
418
Mobile Antennas
453-457
Parabolic Reflectors
420-421
Phased Arrays
117
Plane-Sheet 'Reflectors
420
Polarization
413
"Q" Section
414
Stacked Antennas
416-417
"T"-Match
414-415
"Y"Match
414
50 and 144 Mc
415-418
220 and 420 Mc
419-421
Constructional:
Receivers:
Crystal-Controlled Converters
370-376
Crystal-Controlled Converter for 220 or
144 Mc
375-376
Receivers for 420 Mc
384-386
R.F. Amplifiers for 420 Mc.
387-388
2- Meter Mobile Converter
443-444
28- and 50-Mc. Simple Converter. 380-382
6J6 Preamplifier for 28, 50 and 144
Mc
383-384
144-Mc. Low-Noise Converter
377-379
420- Mc. Converter
386
Transmitters:
50-144 Mc. 400 Watt Transmitter . 393-398
50-144 Mc. Crystal Controlled Mobile
Transmitters
448-452
420-Mc. Transmitters
409-412
Crystal Control on 220 Mc.
407-408
V.H.F. Man's VFO
398-401
Transmitter-Exciters for 50 and 144
Mc
402-405
100-Watt R.F. Amplifier for 50 and
144 Mc
405-407
Propagation
362
Receiver Considerations
366
Station Locations
365
Superregenerative Receiver
369-370
Transmitter Design
389
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V.H.F. Receiver Design:
I.F. Amplifiers
369
Mixer Circuits
368
Oeillator Stability
368-369
R.F. Amplifier Design
366-368
Superregenerative Receivers
369-370
What to Expect
362
VFO
129
Vibrator Power Supplies
227-229
Virtual Height
72
Voice Control
297
Voice Operating
524-525
Volt
17
Volt-Amperes
34,37
Volt-Ampere Rating
216
Voltage Amplification
55-56,242
Voltage Amplifier
58
Voltage Breakdown
25
Voltage Decay
539
Voltage Dividers
217-218
Voltage Distribution, Antenna
334,337
Voltage Drop
21,217
Voltage Feed for Antennas
335
Voltage Gain
57,242
Voltage Loop
309
Voltage-Amplification Ratio
56
Voltage-Multiplier Circuits
222-223
Voltage Node
309
Voltage Ratio, Transformer
38
Voltage Regulation
211
Voltage, Ripple
211-212
Voltage Rise
42
Voltage-Regulator Interference
443
Voltage Stabilization
218-219
Voltage-Stabilized Power Supplies
218-219
Voltmeters
468-474
Volume Compression
246-247
W1AW
12,532-533
WAC Certificates
534
WAS Award
533
Watt
22
Watt-Hour
23
Watt-Second
23
Wave Angle
73,334
Wave-Envelope Pattern
267
Wave Front
71
Wave Guides
424-427
Wave, Ground
72-73
Wave Propagation
72-75
Wave, Sine
17,31-37
Wave, Sky
72-75
Waveform
17
Wavelength
18
Wavelength-Frequency Conversion
18
Wavelength Performance
70
Wavelengths, Amateur
14
Wavemeter (See " Frequency Measurement")
Waves, Complex
37
Waves, Distorted
56
Waves, Electromagnetic
15
Wavetraps
501
Wheel Static
435
Wide-Band Antennas
420
Wire Table
545
Wiring Diagrams, Symbols for
2
Wiring, Station
496
Wiring, Transmitter
517-519
Word Lists for Accurate Transmission
525
Working DX
525-526
Working Voltage, Condenser
215
Workshop Practice
514-521
WWV Schedules
459
X (
Reactance)
32-34
"Y "-Matching Transformer
320,414
Z(
Impedance)
34-36
Zero Beat
81-82

