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FOREWORD
I·,

PRESENTING for 1941 the eighteenth edition of The Radio Amateur's Handbook the publishers again express the hope that it will be found as helpful as
previous editions and will enjoy as whole-hearted a reception at the hands of
the amateur fraternity.
From modest beginnings in 1926 the Handbook has had an inspiring success,
rUllning now to eighteen editions in thirty printings and a total distribution
well over six hundred thousand copies. Its fame ha~ echoed around the world.
Schools and technical dasses have adopted it as a text; quantity orders have
come from many a foreign land. But most important of all, it is the right-band
guide of practical amateurs in every country of the globe. This success derives
in considerable measure from the splendid cooperation we have nlways receivcd from practicing amateurs everywhere, for which we remain grateful.
Devoted to a fast-moving and progressive science, it is only natural that
throughout its life the Handbook should have required sweeping and virtually
continuous modification. Since the veTY beginning a strenuous attempt has
bcen made to keep the book as up to date, as accurate and as relittble as is
humnnly possible. A studious effort has been made to restrict the materi;ti to
modern, sound and well-tried practice. Having always had somewhat the
chnracter of an annual review of time-tried and proven methods in apparatus
construction and operation, the Handbook Ims never provided a place for
freaky circuits or methods. As any practicing amateur is well aware, there is
an almost infinite number of ways of accomplishing a given result in his station
some good, some poor, many indifferent. Our editorial tnsk has therefore been basically one of selecting. It has been necessnry to eliminate from
the enormous wealth of ideas on technique, methods and procedure, all those
that have not proved themselves by successful application in practice.
For many editions back, the annual revision of the Handbook has been a sort
of family affnir of the headquarters staff of the American Radio Relay League
at West Hartford. Most of the technically-skilled .specialists on the League's
staff, men who have earned their spurs in amateur radio, have participated in
its revision. The present edition has seen a general rewriting and the addition
of nearly two hundred new illustrations, while dozens of Hew pieces of apparatus ere specially designed and constructed - nnd tested! Prepared under
the j:(eneral technical editorship of Me. George Grammer, QS'l"s technical editor, and with major contributions by him, the present work also represents
many months of labor on the part of Messrs. Donald H. Mix nnd Byron Goodman, QST's assistant technical editors; Mr. Clinton B. DeSoto, assistant secretary of the League; and Mr. Vernon Chambers, in charge of QS'l"s technical information service. The station-operating mnterial of course is contributed by the League's communications manager, Mr. Francis E. Handy. The
actual production of the book has been on the broad shoulders of Me. Clark C.
Rodimon, QST's managing editor.
In this edition we retain last year's plan of rearranging the material for the
greatest benefit of the various classes of Handbook users, and a few words of
explanation may be in order. First, from a reference to the contents page it
will be seen that the book is divided into sections: introductory, principles,
the construction and use of equipment, antennas, and so on. Within these
sections there continues to be a more extensive subdivision into chapters than

'v

in the past, for the purpose of segregating the material in which various groups
of users will be more particularly interested. For example, the elements of a
lecture or study course in radio will be found by taking Chapters 3 to 6, 11,
17,21 to 24, and 26. Design information particularly valuable to amateurs who
plan their own equipment is given in Chapters 4 to 6, and 20. Adjustment and
"trouble-shooting" have been segregated for transmitters, receivers and
'phone, respectively, in Chapters 9, 14 and 16, to make these important treatments more readily available not only for those who are building new equipment but for those who already have satisfactory apparatus. At the end of
each chapter on the construction of equipment there is a bibliography of
articles in QST in which will be found more extensive descriptions of some of
the pieces of apparatus described in this edition. References to these bibliographies will be found frequently in the text and take such a form as (Rib. 6),
which means that the fifth item in the bibliography at the end of that particular chapter will give a reference to a QST article describing the particular
piece of gear in somewhat greater detail. It should perhaps be pointed out
that, to facilitate reference, the illustrations herein are serially numbered in
each chapter and with the first digit indicating the chapter number. Thus,
Fig. 812 can be readily located as the twelfth illustration in Chapter 8.
Finally it should be mentioned (because many amateurs do not seem aware
of it!) that this Handbook has, at the end of its reading pages, a comprehensive
and carefully-prepared index, which will lead the reader quickly to the treatment of a subject of particular interest.
One feature of the Handbook which has been growing steadily in importance
is the quite extensive catalog advertising. We recognize that it is generally not
regarded as good form to make editorial reference even to the existence of
advertising, but this case we believe to be different. To be truly comprehensive
as a handbook - to fill all the functions one visualizes with the word "handbook" - this book must bring the reader data and specifications on the
manufactured products which are the raw material of amateur radio. Our
manufacturers have collaborated with us in this purpose by presenting here
not mere advertising but catalog technical data. The amateur constructor
and experimenter will find it convenient to possess in such juxtaposition both
the constructional guidance he seeks and the needed data on available equip. ment, since both are necessary ingredients of the complete standard manual of
amateur high-frequency communication.
It is but natural that we here shall all feel very happy if this edition of the
II andbook brings as much assistance and inspiration to amateurs and would-be
amateurs as have its predecessors.
KENNETH B. WARNER
Managing Secretary, A.R.R.L.
WE,sT HARTFORD. CONN.

November. 1940
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THE AMATEUR'S CODE
1

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 A.R.R.L. in his behalf to the
public and the Government.

:I

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

:1

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

4

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

5

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

6

The Amateur is Patriotic. His knowledge and his
station are always ready for the service of his
country and hi!! community.

Story of Amateur Radio
How It Started- The Part Played by
The A.R.R.L.
radio represents, to some seventy
thousand people, the most satisfying, most
exciting of all hobbies. Over 50,000 of these
enthusiasts are located in the United States
and Canada, for it is this continent which
gave birth to the movement and which has
ever since represented its stronghold.
When radio broadcasting was first introduced to the public some years ago, it instantly
caught the fancy of millions of people all over
the world. Why? Because it fired their imagination - because it thrilled them to tune in on
a program direct from some distant point, to
hear speech and music that was at that moment being transmitted from a city hundreds
and even thousands of miles away. To be sure
there was also a certain amount of entertainment value, and it is true that as the years
ha ve passed this phase has become paramount
in the minds of most listeners; yet the thrill of
"DX" is still a major factor in the minds of
hundreds of thousands of people, as witness
the present popularity of international short
wave reception of foreign programs.
That keen satisfaction of hearing a distant
station is basic with the radio amateur but it
has long since been superseded by an even
greater lure, and that is the thrill of talking with
thesc distant points! On one side of your radio
amateur's table is his short-wave receiver; on
the other side is his private (and usually homemade) short-wave transmitter, ready at the
throw of a switch to be used in calling and
"working" other amateurs in the United
States, in Canada, Europe, Australia, every
corner of the globe!' Even a low-power transmitter makes it possible to develop friendships in every State in the Union. Of course,
it is not to be expected that the first contacts
will necessarily bc with foreign amateurs.
Experience in adjusting the simple transmitter,
in using the right frequency band at the right
time of day when foreign stations are on the
air, and practice in operating are necessary before communication will be enjoyed with amateurs of other nationalities. But patience and
experience are the sole prerequisites; neither
high power nor expensi ve equipmen t is required.
AMATEUR

*" Because of the curre~t international situution, communication by U. 8. amateurs with foreign countries is temporarily forhidden.

Nor does the personal enjoyment that comes
from amateur radio constitute its only benefit.
There is the enduring satisfaction that comes
from doing things with the apparatus put together by one's own skill. The process of designing and constructing radio equipment develops
real engineering ability. Operating an amateur
station with even the simplest equipment likewise develops operating proficiency and skill.
Many an engineer, operator and executive in
the commercial radio field got his practical
background and much of his training from his
amateur work. So, in addition to the advantages of amateur radio as a hobby, the value of
systematic amateur work to a student of almost every branch of radio cannot well be
overlooked. An increasing number of radio
services, each expanding in itself, require
additional personnel - technicians, operators,
inspectors, engineers and executives - and in
every field a background of amateur experience
is regarded as valuable.
Amateur radio is as old as the art itself.
There were amateurs before-the present
century. Shortly after the late Guglielmo Marconi had astounded the world with his first
experiments proving that telegraph messages
actually could be sent between distant points
without wires, they were attempting to duplicate his results. Marconi himself was probably
the first amateur - indeed, the distinguished
inventor so liked to style himself. But amateur
radio as it has come to be known was born when
private citizens first saw in the new marvel a
means for personal communication with others
and set about learning enough of the new art
to build a homemade station.
Amateur radio's subsequent development
may be divided into two periods: pre-war and
post-war.
Pre-war amateur radio bore little resemblance to the art as it exists to-day, except
in principle. The equipment, both transmitting
and receiving, was of a type now long obsolete.
The range of even the highest-powered transmitters, under the most favorable conditions,
would be scoffed at by the rankest beginner
to-day. No United States amateur had ever
heard the signals of a foreign amateur, nor
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had any foreigner ever reported hearing an
American. The oceans were a wall of silence,
impenetrable, isolating us from every signal
abroad. Even transcontinental DX was accomplished in relays. "Short waves" meant
200 meters; the entire wavelength spectrum
below 200 meters was a vast silence - no signal ever disturbed it. Years were to pass before
its phenomenal possibilities were to be suspected.
Yet the period was notable for a number of
accomplishments. It saw the number of amateurs in the United States increase to approximately 4,000 by 1917. It witnessed the first
appearance of radio laws, licensing, wavelength specifications for the various services.
(" Amateurs? - oh, yes - well, stick 'em on
200 meters: it's no good for anything; they'll
never get out of their own back yards with it.")
It saw an increase in the range of amateur
stations to such unheard-of distances as 500
and, in some cases, even 1,000 miles, with
U. S. amateurs beginning to wonder, just before the war, if there were amateurs in other
countries across the seas and if - daring
thought! - it might some day be possible to
span the Atlantic with 200-meter equipment.
Because all long-distance messages had to be
relayed, this period saw relaying developed to a
fine art - and what a priceless accomplishment that ability turned out to be later when
the government suddenly needed dozens and
hundreds of skilled operators for war service!
Most important of all, the pre-war period witnessed the birth of the American Radio Relay
League, the amateur organization whose fame
was to travel to all parts of the world and
whose name was to be virtually synonymous
with subsequent amateur progress and shortwave development. Conceived and formed by
the famous inventor and amateur, the late
Hiram Percy Maxim, it was formally launched
in early 1914 and was just beginning to exert
its full force in amateur activities when the
United States declared war and by that act
sounded the knell for amateur radio for the
next two and .one-half years. By presidential
direction every amateur station was dismantled. Within a few months three-fourths of the
amateurs of the country were serving with the
armed forces of the United States as operators
and instructors.
Few amateurs to-day realize that the war 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 declaration of the Armistice, in 1918.
The government, having had a taste of supreme authority over all communications in
wartime, was more than half inclined to keep
it; indeed, the war had not been ended a month
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before Congress was considering legislation
that would have made it impossible for the
amateur radio of old ever to be resumed. President Maxim rushed to Washington, pleaded,
argued; the bill was defeated. But there was
still no amateur radio; the war ban continued
in effect. Repeated representations to Washington met only with silence; it was to be
nearly a year before licenses were again issued.
In the meantime, however, there was much
to be done. Three-fourths of the former amateurs had gone to France; many of them would
never come back. Would those who had returned be interested, now, in such things as
amateur radio? Mr. Maxim determined to find
out and called a meeting of such members
of the Board of Directors of the League as he
could locate. Eleven men, several still in uniform, met in New York and took stock of the
situation. It wasn't very encouraging: amateur
radio still banned by law, former members of
the League scattered no one knew where, no
I,eague, no membership, no funds. But those
eleven 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, and dunned officialdom until the wartime ban was lifted and amateur radio resumed
again. Even before the ban was lifted, in October, 1919, old-timers all over the country
were flocking back to the League, renewing
friendships, planning for the future. When
licensing was resumed there was a headlong
rush to get back on the air.
From the start, however, post-war amateur
radio took on new aspects. War-time pressure
had stimulated technical development in radio.
There were new types of equipment. The
vacuum tube was being used for both receiving
and transmitting. Amateurs immediately
adapted the new apparatus to 200-meter work.
Ranges promptly increased; soon it was possible to bridge the continent with but one intermediate relay. Shortly thereafter stations on
one coast were hearing those on the other
direct!
These developments had an inevitable result.
Watching DX come to represent 1,000 miles,
then 1,500 and then 2,000, amateurs began to
dream of transatlantic work. Could they get
across? In December, 1921, the A.R.R.L. sent
abroad one of its most prominent amateurs,
Paul Godley, with the best amateur receiving
equipment available. Tests were run, and
thirty American amateur stations were heard
in Europe! The news electrified the amateur
world. In 1922 another transatlantic test was
carried out; this time 315 American calls
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were logged by European amateurs and, what
was more, one French and two British stations
were heard on this side.
Everything now was centered on one objective: two-way communication across the Atlantic by amateur radio! It must be possible
but somehow they couldn't quite make it.
Further increases in power were out of the
question; many amateurs already were using
the legal maximum of one kilowatt. Better receivers? They already had the superheterodyne; it didn't seem possible to make any very
great advance in that direction.
How about trying another wavelength, then,
they asked? What about those wavelengths
below 200 meters? The engineering world said
they were worthless - but then, that had been
said about 200 meters, too. There have been
many wrong guesses in history. In 1922 the
assistant technical editor of QST (Phelps, now
W9BP) carried on tests between Hartford and
Boston on 130 meters. The results were encouraging. Early in 1923 the A.R.R.L. sponsored a
series of organized tests on wavelengths down
to 90 meters and it was noted that as the
wavelength dropped the reported results were
better. A growing excitement began to filter
into the amateur ranks.
Finally, in November, 1923, after some
months of careful preparation, two-way amateur communication across the Atlantic became a reality, when Schnell, 1MO (now
W9UZ), and Reinartz, 1XAM (now W3IBS),
worked for several hours with Deloy, 8AB,
in France, all three stations using a wavelength of 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 started.
By 1924 the entire radio world was agog and
dozens of commercial companies were rushing
stations into the 100-meter region. Chaos
threatened, until the first of a series of radio
conferences partitioned off various bands of
frequencies for all the different services clamoring for assignments. Although thought was
still centered in 100 meters, League officials
at the first of these conferences, in 1924, came
to the conclusion that the surface had probably
only been scratched, and wisely obtained
amateur bands not only at 80 meters, but
at 40 and 20 and 10 and even 5 meters.
Many amateurs promptly jumped down to
the 40-meter band. A pretty low wavelength, to
be sure, but you never could tell about these
short waves. Forty was given a try and responded by enabling two-way communication
with Australia, New Zealand and South Africa.
How about 20? It immediately showed
entirely unexpected possibilities by enabling
an east-eoast amateur to communicate with

another on the west coast, direct, at high
noon. The dream of amateur radio - daylight
DXI - had come true.
From that time to the present represents a
period of unparalleled accomplishment. The
short waves proved a veritable gold mine.
Country after country came on the air, until
the confusion became so great that it was
necessary to devise a system of international
intermediates in order to distinguish the nationality of calls. The League began issuing
what are known as WAC certificates to stations proving that they had worked all the
continents. Over five thousand such certificates
have been issued. Representatives of the
A.R.R.L. went to Paris and deliberated with
the amateur representatives of twenty-two
other nations. On April 17, 1925, this conference formed the International Amateur Radio
Union
a federation of national amateur
societies. The amateur as a type is the same
the world over.
Nor has experimental development been lost
sight of in the enthusiasm incident to international amateur communication. The experimentally-minded amateur is constantly at
work conducting tests in new frequeney bands,
devising improved apparatus for amateur receiving and transmitting, learning how to operate two and three and even four stations where
previously there was room enough for only one.
In particular, the amateur experimenter
presses on to the development of the higher
frequencies represented by the wavelengths
below 10 meters, territory only a few years ago
regarded even by most amateurs as comparatively unprofitable operating ground.
The amateur's 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
the band to be practically worthless for distance work; signals at such frequencies appeared capable of being heard only to "horizon
range." But the amateur turns even such
apparent disadvantages to use. If not suitable
for long-distance work, at least the band was
ideal for" short-haul" communication. Beginning in 1931, then, there was tremendous
activity in 56-Mc. work by hundreds of amateurs all over the country, and a complete new
line of transmitters and receivers was developed to meet the special conditions incident
to communicating at these ultra-high frequencies. In 1934 additional impetus was given
to this band when experiments by the A.R.R.L.
with directive antennas resulted in remarkably
eonsistent two-way communication over distances of more than 100 miles, without the aid
of "hilltop" locations. While atmospheric con-

CHAPTER ONE

11

The Radio Amateur's Handbook
ditions appear to have a great deal to do with
5-meter DX, many thousands of amateurs are
now spending much of their time in the 56-Mc.
region, some having worked as many as four
or five hundred different stations on that band
at distances up to several hundred miles.
Recently the radio world has been astounded
by conditions whereby transcontinental contacts have been made on five meters, with
hundreds of contacts over a thousand miles or
so. To-day's concept of u.h.f. propagation was
developed almost entirely through amateur
research.
Most of the tcchnical developments in amateur radio have come from the amateur ranks.
Many of these developments represent valuable contributions to the art, and the articles
about them are as widely read in professional
circles as by amateurs. At a time when only a
few broadcast engineers in the country knew
what was meant by "100 % modulation" the
technical staff of the A.R.R.L. was publishing
articles in QST urging amateur 'phones to embrace it and showing them how to do it. When
interest quickened in five-meter work, and experiments showed that the ordinary regenerative receiver was practically worthless for such
wavelengths, it was the A.R.R.L. that developed practical super-regenerative receivers as
the solution to the receiver problem. From the
League's laboratory, too, came in 1932, the
single-signal superheterodyne
the world's
most advanced high-frequency radiotelegraph
receiver. In 1934 the commercial production
of rJ. power pentodes came as a result of the
A.R.R.L. Hq. technical staff's urging and demonstration of their advantages. In 1936 the
"noise-silencer" circuit for superheterodynes
was developed, permitting for the first time
satisfactory high-frequency reception through
the more common forms of man-made electrical interference. During 1938 the use of
transmitters whose frequency could be changed
by a continuous panel control became common,
along with improved directive antennas.
Amateur radio is one of the finest of hobbies,
but this fact alone would hardly merit such
whole-hearted support as was given it by the
united States government at recent international conferences. There must be other reasons
to justify such backing. One of these is a
thorough appreciation by the Army and Navy
of the value of the amateur as a source of skilled
radio personnel in time of war. The other is
best described as "public service."
We have already seen 3,500 amateurs contributing their skill and ability to the American cause in the Great War. After the war it
was only natural that cordial relations should
prevail between the Army and Navy and the
amateur. Several things occurred in the next
few years to strengthen these relations. In
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1924, when the U. S. dirigible Shenandoah
made a tour of the country, amateurs provided continuous contact between the big ship
and the ground. In 1925 when the United
States battle fleet made a cruise to Australia
and the Navy wished to test out short-wave
apparatus for future communication purposes,
it was the League's Traffic Manager who was
in complete charge of an experimental highfrequency set on the U.S.S. Seattle.
Definite friendly relations between the amateur and the armed forces of the Government
were cemented in 1925. In this year both the
Army and the Navy came to the League with
proposals for amateur cooperation. The radio
Naval Reserve and the Army-Amateur Net are
the outgrowth of these proposals.
The public service record of the amateur is a
brilliant one. These services can be roughly divided into two classes: emergencies and expeditions. It is regrettable that space limitations
preclude detailed mention of amateur work in
both these classes, for the stories constitute
high-lights of amateur accomplishment.
Since 1913, amateur radio has been the principal, and in many cases the only, means of
outside communication in more than one hundred storm. flood and earthquake emergencies
in this country. Among the most noteworthy
were the Florida hurricanes of 1926, 1928 and
1935, the Mississippi and New England floods
of 1927 and the California dam break of 1928.
During 1931 there were the New Zealand and
Nicaraguan earthquakes, and in 1932 floods in
California and Texas. Outstanding in 1933 was
the earthquake in southern California. In 1934
further floods in California and Oklahoma resulted in notable amateur cooperation. The
1936 eastern states flood, the 1937 Ohio River
valley flood, and the 1938 southern California
flood and Long Island-New England hurricane
disaster saw the greatest emergency effort ever
performed by amateurs. In all these and many
others, amateur radio played a major role in
the rescue work and amateurs earned worldwide commendation for their resourcefulness in
effecting communication where all other means
failed.
During 1938 the A.R.R.L. inaugurated its
emergency preparedness program, providing
for the appointment of regional and local
Emergency Coordinators to organize amateur
facilities and establish liaison with other agencies. This was in addition to the registration of
personnel and equipment in the Emergency
Corps. A comprehensive program of cooperation with the Red Cross, Western Union and
others was put into effect.
Amateur cooperation with expeditions goes
back to 1923, when a League member, Don
Mixof Bristol, Conn., accompanied MacMillan
to the Arctic on the schooner Bowdtnn in
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charge of an amateur set. Amateurs in Canada
and the United States provided the home
contact. The success of this venture was such
that other explorers made inquiry of the
League regarding similar arrangements for
their journeys. In 1924 another expedition
secured amateur cooperation; in 1925 there
were three, and by 1928 the figure had risen to
nine for that year alone. Each year since then
has seen League headquarters in receipt of
requests for such service, until now a total of
perhaps two hundred voyages and expeditions
have been thus assisted. To-day practically no
exploring trip starts from this country to
remote parts of the world without making
arrangements to keep in contact through the
medium of amateur radio.
Emergency relief, expeditionary 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 rehave made amateur radio an integral
ward
part of our national life.
The American Radio Relay League

THE American Radio Relay League is to-day
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 non-commercial and has
no stockholders. The members of the League
are the owners of the A.R.R.L. and QST.
The League is organized to represent the
amateur in legislative matters. It 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.
One of its principal purposes is to keep amateur activities 80 well conducted that the amateur will continue to justify his existence. As an
example of this might be cited the action of the
League in sponsoring the establishment of a
system of Standard Freq uency Stations throughout the United States.
The operating territory of the League is
divided into fourteen United States and six
Canadian divisions. The affairs of the League
are managed by a Board of Directors. One
director is elected every two years by the
membership of each United States division,
and a Canadian General Manager is elected
every two years by the Canadian membership.
These directors then choose the president and
vice-president, who are also directors, of
course. No one commercially engaged in selling
or manufacturing radio apparatus or literature
can be a member of the Board or an officer of
the League.

The preSident, vice-president, secretary,
treasurer and communications manager of the
League are elected or appointed by the Board
of Directors. These officers constitute an Executive Committee which, under certain restrictions, decides how to apply Board policies
to matters arising between Board meetings,
The League owns and publishes the magazine QST. QST goes to all members of the
League each month. It acts as a monthly bulletin of the League's organized activities. It
serves as a medium for the exchange of ideas.
It fosters amateur Ipirit. Its technical articles
are renowned. QST has grown to be the" amateur's bible" as well as one of the foremost
radio magazines in the world. The profits QST
makes are used in supporting League activities. Membership dues to the League include a
subscription to QST for the same period.
The extensive field organization of the Communications Department coordinates operating activities throughout North America.
Headquarters

FROM the humble beginnings recounted in
this story of amateur radio, League headquarters has grown until now it occupies an
entire office building and employs nearly forty
people.
Members of the League are entitled to write
to Headquarters for information of any kind,
whether it concerns membership, legislation, or
general questions on the construetion or opera·
tion of amateur apparatus. If you don't find
the information you want in QST or the
Handbook, write to A.R.R.L. Headquarters,
West Hartford, Connecticut, telling us your
problem. All replies are made directly by letter;
no charge is made for the service.
If you come to Hartford, drop out to Headquarters at 38 LaSalle Road, West Hartford.
Visitors are always welcome.
Headquarters Stations
FROM 1927 to 1936 the League operated its
headquarters station, WI MK, at Brainerd
Field, Hartford's municipal airport on the
Connecticut River. During the disastrous flood
of 1936 this station was devastated. From the
spring of 1936 until early summer of 1938 a
temporary station was operated at the headquarters offices, at first under the old auxiliary
call WlINF and later as WIA W. The call
WIA W, held until his death by Hiram Percy
Maxim, was issued to the League by a special
order of the Federal Communications Commission for the official headquarters station
call.
Beginning September, 1938, the Hiram Percy
Maxim Memorial Station at Newington, Conn.,
has been in operation as the headquarters
station. Operating on all amateur bands, with
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separate transmitters rated at the maximum
legal input of one kilowatt and elaborate
antenna systems, this station is heard with
good strength in every part of the world. The
building in which it is housed was designed by
order of the League's Board of Directors as a
permanent memorial to the founder-president,
Hiram Percy Maxim.
Joining the League
THE best way to get started in the amateur
game is to join the League and start reading
QST. Inquiries regarding membership should
be addressed to the Secretary. There is a
convenient application blank in the rear of
this book. An interest in amateur radio is the
only qualification necessary in becoming a
member of the A.R.R.L. Ownership of a station and knowledge of the code are not prerequisites. They can come later. According to
a constitutional requirement, however, only
those members who pOSBess an amateur station
or operator license are entitled to vote in
director elections.
, Learn to let the League help you. It is organized solely for that purpose, and its entire
headquarters' personnel is trained to render the
best assistance it can to you in solving your
amateur problems. If, as a beginner, you should
find it difficult to understand some of the matter contained in succeeding chapters of this
book, do not hesitate to write the Information
Service stating your trouble. Perhaps, in such
a case, it would be profitable for you to send
for a copy of a booklet published by the League
especially for the beginner and entitled" How
to Become a Radio Amateur." This is written
in simple, straightforward language, and describes from start to finish the building of a
simple but effective amateur installation. The
price is 25 cents, postpaid.
Every amateur should read the League's
magazine QST each month. It is filled with
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the latest a.mateur apparatus d~velQpmentli
and" ham" news from your particular section
of the country. A sample copy will be sent you
for 25 cents if you are unable to obtain one at
your local newsstand.
International Amateur Radio Union
THE I.A.R. U. is a federation of thirty-three
national amateur radio societies in the principal nations of the world. Its purposes are the
promotion and coordination of two-way communication between the amateurs of the various countries, the effecting of cooperative
agreements between the various national societies on matters of common welfare, the
advancement of the radio art, the encouragement of international fraternalism, and the
promotion of allied activities. Perhaps its greatest service lies in representing the amateurs
of the world at international telecommunications conferences and technical consulting
committee (C.C.I.R.) meetings.
The headquarters society of the Union is the
American Radio Relay League. All correspondence should be addressed to 38 LaSalle
Road, West Hartford, Conn., U. S. A.
The I.A.R. U. issues WAC (Worked-AllContinents) certificates to amateurs who qualify
for this award. The regulations, in brief,
stipulate that the applicant must have worked
other amateurs in each of the six recognized
continental areas of the world, supplying QSL
cards or other indisputable proof of two-way
contact in connection with his application; and
that he must be a member of the membersociety of the Union for the country in which
he resides. In countries where no membersociety exists the certificate may be secured
upon payment of a fee of 50¢ to cover mailing
costs. Two kinds of certificates are issued, one
for radiotelegraph work and one for radiotelephone. There is a special endorsement for
28-Mc. operation.

Getting Started
The Amateur Bands - Learning the Code - Obtaining Licenses
THIS chapter deals with the two major problems of every beginning amateur -learning
the code and getting the necessary federal
licenses.

Our A12lateur Bands

To understand amateur radio, it is first
necessary to know where amateurs operate,
There are those who, because they have never
heard anything else, think that" radio" means
only "broadcasting," To such people a few
nights listening in on the high frequencies
(wavelengths below the broadcast band) will
be a revelation. A horde of signals from dozens
of different types of services tell their story to
whoever will listen. Some stations send slowly
and leisurely. Even the beginner can read
them. Others race along furiously so that
whole sentences become meaningless buzzes.
There are both telegraph and telephone signals. Press messages, weather reports, highfrequency international broadcasting of voice
and m.usic, transmissions from government and
experimental stations including picture transmissions and television, airplane dispatching,
police calls, signals from pr~vate yachts and
expeditions exploring the remote parts of the
earth - these jam the short-wave spectrum
from one end to the other.
Sandwiched in among all these services are
the amateurs, the largest service of all. Thousands of their signals may be heard every night
in the various bands set apart by international
treaty for their use.
Many factors must be considered in picking
the proper band for a certain job from among
the several bands devoted to amateur operation. The distance to be covered enters into it,
as well as the time of day when communication
is desired. In addition to daily changes there
are seasonal changes, and also a long-time
change in atmospheric conditions which seems
to coincide with the II-year cycle of sun-spot or
solar activity. The reliability of communication
on a given frequency at a given time of day, the
suitability of a given band for traffic or DX,
the desires of the individual amateur in choosing his circle of friends with whom he expects
to make contact on schedule, the amount of
interference to be expected at certain hours,
and the time of day available for operating -

all influence the choice of an operating frequency.
The 1750-kc. band, which carried all amateur activity before experimenters opened the
way to each of the higher frequency bands in
turn, always served amateurs well for general
contact between points all over the country.
There was a short period, during the height of
development of the higher frequencies, when
activity in this band dwindled, but it is again
active.
The band is especially popular for radiotelephone work. Code practice transmissions are
made in this band for beginning amateurs and
many beginners may be heard in this region
making their first two-way contact with each
other. The band is one of our "widest" from
the standpoint of the number of stations that
may be comfortably accommodated. The band
is open to amateur facsimile and picture
transmission.
The 3500-kc. band has, in recent years, been
regarded as best for all consistent domestic
communication. It is good for coast-to-coast
work at night all the year except for a few summer months. It has been recommended for all
amateur message-handling over medium distances (1,000 miles, for example). Much of the
friendly human contact between amateurs
takes place in the 3500-kc. band. As the winter
evening advances, the well-known "skip effect" (explained in detail in Chapter Four) of
the higher frequencies has made itself known,
the increased range of the "sky wave" brings
in signals from the other coast and the increased range also brings in more stations, so
that the band appears busier.
The 700()..kc. band has been the most popular
band for general amateur work for years. It is
useful mainly at night for contacts with the
opposite coast, or with foreign countries.
Power output does not limit the range of a
station to the same extent as when working on
the lower frequency bands discussed above.
However, the band is more handicapped by
congestion in the early evenings and more
subject to the vagaries of skip-effect and
uncertain transmission conditions than are
the lower frequency bands, but not to the same
extent as the 14-Mc. band. The 7000-kc. band
is satisfactory for working distances of several
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tions, is sometimes subject to Budden fluctuations in transmitting conditions.
'i'he 28,OOO-kc. (28-iHc.) /)and combines both
the long-distance characteristics of the 14-Mc.
band and some of the local advantages of the
56-;\fc. band, but its remarkable long-distance
characteristics have been the cause of its tremendous growth in popull1l'ity. The band is by
no means as reliable as those of lower frequency
but the performance to be had on it has been
becoming progressively better during the last
few years. A well-defined seasonal effect produces much better eonditions during the fall
and spring than at other times of the yeaI'.
Though the band was a barren waste a few
years ago it is now, particularly during fall
and spring, full of activity. It is the place
where one can get by far the most miles per
watt.
'The 56,OOO-ke. or 56-Me. band is used largely
for loeal and short-distance work over distances of ten to thirtv miles. Because of the
cheapness, compactness and ease of construction of the necessary apparatus, it has proved
ideal for this purpose and many hundreds of
stations operate "locally" there. Experiments
with directive antennas by the technical staff
of the A.R.R.L. beginning in 1934 disclosed
that surprisingly consistent two-way eon tact
could be maintained over distanees of a hundred miles or more with suitable conditions and
equipment, and such contacts are now common. Recent "sky-wave" DX work over several thousand miles on this band and the prospect that much more is to corne make the band
a prize one for the experimenter. Most of this
work seems to occur during the month of May
each year.
The 112,OOO-kc. or 112-Me. I)and is the newest addition to the amateur spectrum, and is
gradually receiving oceupancy. Its characteristics insofar as local work is concerned are si milar to 56 Mc. The fact that elementary transceivers can be used, without the stability requirements of the lower frequencies, makes the
band especially attractive for mobile work and
general short-range activity.
Above 116 Mc. but little progress has as yet
been made by amateurs, although !\ few experimenters are persistently investigating this
field. As yet the 224-Mc. band and the experimental region above 300 Mc. are not used for
general eommunication, but it is logical to
expect a gradual infiltration in the course of tI1e
next few years.

Memorizing the Code
There is nothing particularly difficult incident to taking your plaee in the ranks of
licensed amateurs.
The first job you should tackle is the business
of memorizing the code. This can be done~~nile
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The Continental Code.

you are building your receiver. Thus, by the
time the receiver is finished, you will know the
characters for the alphabet and will be ready to
practice receiving in order to acquire speed.
Speed practice, either by means of a buzzer, or
by listening in on your receiver, can be indulged in in odd moments while the transmitter, in turn, is being constructed. The net result of such an organized program should be
that by the time the transmitter is finished you
will be able to reccive the thirteen words a
minute required by the government for your
amateur operator license, and can immediately
proceed to study for the" theoretical" part of
your license examination without loss of time.
Memorizing the code is no task at all if you
simply make up your mind to apply yoursclf to
the job and get it over with as quickly as possi.
ble. The complete Continental alphabet,
punctuation marks and numerals are shown in
the table given here. The alphabet and all the

numerals should be learned, but only the first
eight of the punctuation marks shown need be
memorized by the beginner. Start by memorizing the alphabet, forgetting the numerals and
punctuation marks for the present. Various
good systems for learning the code have been
devised. They are of undoubted value but the
job is a very simple one and usually can be accomplished easily by taking the first five letters, memorizing them, then the next five, and
so on. As you progress you should review all
the letters learned up to that time, of eourse.
When you have memorized the alphabet you
can go to the numerals, which will come very
quickly since you can see that they follow a
definite system. The punctuation marks wind
up the schedule
and be sure to learn at least
the first eight - the more commonly-used
ones.
One suggestion: Learn to think of the letters
in terms of sound rather than their appearance
as they are printed. Don't think of A as "dotdash" but think of it as the sound "dit-dah."
15, of course, is "dah-dit-dit-dit," C, "dah-ditdah-dit" and so on.
Even better will be listening to the characters as they are sent on a buzzer or code practice oscillator, if someone can be found to send
to you. J"earning the code is like learning a new
language, and the sooner you learn to understand the language without mental "translation" the easier it will be for you.
Don't think about speed yet. Your first job
is simply to memorize all the characters and
make sure you know them without hesitation.
Good practice can be obtained, while building
the receiver, if you try to spell out in code the
names of the various parts you are working on
at the time.
AcquirinA Speed by Buzzer Practice
When the code is thoroughly memorized, you
can start to develop speed in receiving code
transmission. Perhaps the best way to do this
is to have two people learn the code together
and send to each other by means of a buzzerand-key outfit. An advantage of this system is
that it develops sending ability, too, for the
person doing the receiving will be quick to
criticize uneven or indistinct sending. If possible, it is a good idea to get the aid of an experienced operator for the first few sessions, so
that you will know what well-sent characters
sound like.
The diagram shows the connections for a
buzzer-practice set. When buying the key it is
a good idea to get one that will be suitable for
use in the transmitter later; this will save you
money.
Another good practice Bet for two people
learning the code together is that using a tube
uscillator.
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The parts required are: an old audio trans-

former, !l type '30 tube. !l pair of 'phones, key,
two No. 6 dry cells, tube-socket, a 20-ohm
filament rheostat, and a 22~-volt B battery.
These are hooked up to form an audio oscillator.
If nothing is heard in the 'phones when the key
is depressed, reverse the leads going to the two
binding posts at either transformer winding.
Reversing both sets of leads will have no
effect.
Either the buzzer set or the audio oscillator
described will givc satisfactory results. Thc
advantage of an audio oscillator over the buzzer set is that it gives a good signal in the
'phones without making any noise in the room,
and also produces a tone more closely simulating actual radio signals.
After the practice set has been built, and
another operator's help secured, practice sending turn and turn about to each other. Send
single letters at first, the listcner learning to
recognize each character quickly, without hesitation. Following this, start slow sending of
complete words and sentences, always trying
to have the material sent at just a little faster
rate than you can copy easily; this speeds up
your mind. Write down each letter you recognize. Do not try to write down the dots and
dashes; write down the letters. Don't stop to
compare the sounds of different letters, or
think too long about a letter or word that has
been missed. Go right on to the next one or
each "miss" will cause you to lose several
characters you might otherwise have gotten.
If you exercise a little patience you will soon be
getting every character, and in a surprisingly
short time will be receiving at a good rate of
speed. When you think you can receive 13
words a minute (65 letters a minute) have the
sender transmit code groups rather than
straight English text. This will prevent you
from recognizing a word "on the way" and
filling it in before you've really listened to the
letters themselves.
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Circuit of the buzzer code practice set
shown in Fig. 203. The 'phones are connected across the
eoile of the hnzzer witb a eondenser in series. The size of
this eondenser determines the stren gth of the sigual in
the 'phones. Should the value shown give an excessively
loud signal, it may be reduced to 500 or even 250 ""fd.

After you have acquired a reasonable degree
of proficiency concentrate on the less common
characters, as well as the numerals and punctuation marks. These prove the downfall of
many applicants taking the code examination
under the handicap of nervous stress and
excitemen t.
Lea.rninAl by Listening
While it is very nice to be able to get the
help of another person in sending to you while
you are acquiring code-speed, it is not always
possible to be so fortunate, and some other
method of acquiring speed must be resorted to.
Under such circumstances, the time-honored
system is to "learn by listening" on your shortwave receiver. With even the simplest shortwave receivers a number of high-power stations
can be heard in every part of the world. It is
usually possible to pick a station going at about
the desired speed for code practice. Listen to
see if you cannot recognize some individual
letters. Use paper and pencil and write down
the letters as you hear them. Try to copy as
many letters as you can.
Whenever you hear a letter that you know,
write it down. Keep everlastingly at it. Twenty
minutes or half an hour i8 long enough for one
8ellllion. This practice may be repeated several
times a day. Don't become discouraged. Soon
you will copy without missing so many letters.
Then you will begin to get calls, which are
repeated several times, and whole words like
"and" and "the." After words will come
sentences. You now know the code and your
speed will improve slowly with practice.
In "learning' by listening" try to pick stations sending slightly faster than your limit.
In writing, try to make the separation between
words definite. Try to "read" the whole of
short words before starting to write them down.

Getting Started
Do the writing while listening to the first
part of the next word. Practice and patience
will soon make it easy to listen and write
at the same time. Good operators usually copy
several words "behind" the incoming signals.
A word of caution: the U. S. radio communication laws prescribe heavy penalties for diVUlging the contents of any radiogram to other
than the addressee. You may copy anything
you hear in the amateur bands for practice
but you must preserve its secrecy.
Volunteer Code Practice Stations

Each fall and winter season the A.R.R.L.
solicits volunteers, amateurs using code only,
or often a combination of voice and code transmission, who will send transmissions especially
calculated to assist beginners. These transmissions go on the air at specified hours on certain
days of the week and may be picked up within
a radius of several hundred miles under favorable conditions. Words and sentences are sent
at different speeds and repeated by voice, or
checked by mail for correctness if you write the
stations making the transmissions and enclose
a stamped, addressed envelope for reply.
The schedules of the score or more volunteer
code-practice stations are listed regularly in
QST during the fall and winter. Information at
other times may be secured by writing League
headquarters. Some of the stations have been
highly successful in reaching both coasts with
code-practice transmissions from the central
part of the country.
Interpretinll What You Hear

As soon as you finish your receiver and hook
it up you wiII begin to pick up different highfrequency stations, some of them perhaps in
the bands of frequency assigned to amateurs,
others perhaps commercial stations belonging
to different services The loudest signals wiII
not necessarily be those from near-by stations.
Depending on transmitting conditions which
vary with the frequency, the distance and the
time of day, remote stations mayor may not
be louder than relatively near-by stations.
The first letters you identify probablY wiII
be the call signals identifying the stations
called and the calling stations, if the stations
are in the amateur bands. Station calls are
assigned by the government, prefixed by a
letter (W in the United States, VE in Canada,
G in England, etc.) indicating the country, In
this country amateur calls will be made up
of such combinations as W8CMP, WIKH,
WIA W, etc., the number indicating the amateur call area and giving a general idea of the
part of the country in which the station heard
is located. The reader is referred to the chapter
on "Opert\ting t\ Station" for complete information on the procedure amateurs use in call·

ing, handling messages, and the like. Many
abbreviations are used which will be made
clear by reference to the tables of Q Code, miscellaneous abbreviations, and "ham" abbreviations included in the Appendix. The table of
international prefixes, also in the back of the
book, will help to identify the country where
amateur and commercial stations are located.
Using a Key
The correct way to grasp the key is important. The knob of the key should be about
eighteen inches from the edge of the operating
table and about on a line with the operator's
right shoulder, allowing room for the elbow to
rest on the table. A table about thirty inches in
height is best. The spring tension of the key
varies with different operators. A fairly heavy
spring at the start is desirable. The back adjustment of the key should be changed until
there is a vertical movement of about onesixteenth inch at the knob. After an operator
has mastered the use of the hand key the tension should be changed and can be reduced to
the minimum spring tension that will cause the
key to open immediately when the pressure is
released. More spring tension than necessary
causes the expenditure of unnecessary energy.
The contacts should be spaced by the rear
screw on the key only and not by allowing
play in the side screws, which are provided
merely for aligning the contact points. These
side screws should be screwed up to a setting
which prevents appreciable side play but not
adjusted so tightly that binding is caused. The
gap between the contacts should always be at
least a thirty-second of an inch, since a toofinely spaced contact will cultivate a nervous
style of sending which is highly undesirable.
On the other hand too-wide spacing (much over
one-sixteenth inch) may result in unduly heavy
or .. muddy" sending.
Do not hold the key tightly. Let the hand
rest lightly on the key. The thumb should be
against the left side of the key. The first and
second fingers should be bent a little. They
should hold the middle and right sides of the
knob, respectively. The fingers are partly on
top and partly over the side of the kno b. The
other two fingers should be free of the key. The
photograph shows the correct way to hold akey.
A wrist motion should be used in sending.
The whole arm should not be used. One should
not send "nervously" but with a steady flexing
of the wrist. The grasp on the key should be
firm, not tight, or jerky sending will result.
None of the muscles should be tense but they
should all be under control. The arm should
rest lightly on the operating table with the
wrist held above the table. An up-and-down
motion without any aidewll.Ys Mtion is beat.
The fingers should never leave the key knob.
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himself for his test. The booklet, II The

Pig. 205 Illustrating the correct position of the
hand and fingers for the operation of a telegraph key.

Sending

Good sending seems easier than receiving,
but don't be deceived. A beginner should not
send fast. Keep your transmitting speed down
to the receiving speed, and bend your efforts
to sending weU.
When !lending do not try to speed things up
too soon. A slow, even rate of sending is the
mark of a good operator. Speed will come with
time alone. Leave special types of keys alone
until you have mastered the knack of properly
handling the standard-type telegraph key.
Because radio transmissions are seldom free
from interference, a "heavier" style of sending
is best to develop for radio work. A rugged
key of heavy construction will help in this.
Obtaining Government Licenses

When you are able to copy 13 words per
minute, have studied basic transmitter theory
and familiarized yourself with the radio law
and amateur regulations, you are ready to give
serious thought to securing the government
combination amateur operator-station license
which is issued you, after examination, through
the Federal Communications Commission, at
Washington, D. C.
Because a discussion of license application
procedure, license renewal and modification,
exemptions, and detailed information on the
nature and scope of the license examination
involve more detailed treatment than it is
possible to give within the limitations of this
chapter, it has been made the subject of a
special booklet published by the League, and
at this point the beginning amateur should
possess himself of a copy and settle down to a
study of its pages in order to familiarize himself with the intricacies of the Jaw and prepare
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Amateur's License Manual," may be obtained
from A.R.R.L. headquarters for 25¢ postpaid.
From the beginner's standpoint one of the
most valuable features of this book is its list
of nearly 200 representative examination questions with their correct answers.
A few general remarks:
While no government licenses are necessary
to operate receivers in the United States, you
positively must have the required amateur
licenses before doing sending of any kind with
a transmitter. This license requirement applies
for any kind of transmitter on any wavelength.
Attempts to engage in transmitting operation
of any kind, without holding licenses, wiII inevitably lead to arrest, and fine or imprisonment.
Amateur licenses are free, but are issued only
to citizens of the United States; this applies
both to the station authorization and the
operator's personal license, with the further
provision in the station license that it will not
be issued where the apparatus is to be located
on premises controlled by an alien. But the requirement of citizenship is the only limitation,
and amateur licenses are issued without regard
to age or physical condition to anyone who
successfully completes the required examination. There are licensed amateurs as young as
twelve and as old as eighty. Many permanently
bed-ridden persons find their amateur radio a
priceless boon and have successfully qualified
for their "tickets"; even blindness is no bar
several stations heard regularly on the air
are operated by people so afflicted.
Persons who would like to operate at amateur stations, but do not have their own station as yet, may obtain an amateur operator
license without being obliged to take out a
station license. But no one may take out the
station license alone; all those wishing station
licenses must also take out operator licenses.
Extracts from the basic Communications
Act and the complete text of the amateur
regulations current at the time this Handbook
went to press will be found in thc Appendix.
Because the regulations are subject to oecasional changes or additions, however, it
is recommended that your study of them be
from the Licenlle Manual already mentioned,
since this latter publication is always revised,
or a "change sheet" incorporated with it,
whenever such alterations in our regulations
take pl/loce.

Getting Started
PRACTICE CIPHER GROUPS
Cipher groups make better practice material than plain English because you can't
foresee the next letter. The groups below,
taken from the operator's manual of the
Signal Corps, are representative both of the
practice material used in service schools
and of ciphered messages actually used in
the services. Their breakdown into 5-letter
units makes it easy for you to determine
your speed, since speed is figured on the
basis of 5 characters to a word.
When you can 8end from this list without
fumbling for an unusual letter. you know
the code. Such sending also glaringly dis-

plays any errors in spacing the letters into
words. And, with someone to send to you,
such material of course provides the best
possible copying practice. Check back for
your errors, concentrate on the letters that
are proving difficult for you. If you find
yourself memorizing some of the combinations or their order, use each group backwards or start from the bottom of the page.
There are plenty of practice possibilities in
the following list, even for the experienced
amateur who is seeking higher speed on the
typewriter. The use of a typewriter for copying should be encouraged.

OKICQ

972~1

2468~

EFXNK
LCKQH
OCYAA
ZLJBI

ALCRJ
DLZIK
PHVTX
HIMAD
CPNZI
JBOAH
GYEVZ
ARJZU
DXAQN

CEMID
JXEFY
CKTOG EFMEY
AXBTR 49285
JNABD
~3759
CWXCK JBCYD
DKAKX PGZUN
WQYFZ CTILL
OMIWG THQVI
HSPCQ
HMOUS
XGLDT TVCPT
8~7~1 CPTKO
RKMOZ 2~184
EKJCD VNFBH
DJHNG DIEUY
HAHGJ JCUWH
LDOSJ
83746
LKDOP
1231~
BAYQT WEQFQ
QNBAV 17863
25894 MVHVD
JXHGQ APLKM
9 8 ~ 15 NDHBH
MBUDF JTIOE
AEIOU
MNLFG
13579 YOUMK
CJRNO VOIUM
YOUMK 127~9

847~7

KDKNG
FHFUX
NTVMG
WOHZR
IPAZQ
FNZQJ
PGMAE
1~273

DXNZE
98234
JEHDY
MCNCB
PAOKU
MDHNH
UEYTA
QYEUR
QWZXN
MNOPA
KQZAX
LARDO
MQECV
BEXZB

119~2
~6143

CPTKO
IRAGO
PZOKA
OQUIW
MCNUY
BCNBX
ZAOIZ
3~21~

TQRYW
ZMNZB
NDBGY
KDIOE
CVQAR
NASTF
CFGIL
CADXA
TTLOR

MAIDP
76321
7~365

OHWIM
VTNEE
HELKF
47382
MRFXE
4~367

OBRDK
PVFKQ
RBEFP
KDIEY
MDIDH
~9165

QZASU
CVFZA
ZLKAM
JDMNF
EIOUW
ZXVGX
UYRHI
DYAFH
12754
PONDL
NPQRT
SNKAD
KOBDZ

JRNOL
EWSKM
HZGNA
SFMCG
FMEMI
ZDLYS
KTLES
WBPCM
SPEJN
VIODO
CUBEZ
AXTRX
KCNYQ
EIURY
MCNBS
IHDJI
SCQZW
ZJHFG
DKUER
MXNBG
OIEUZ
LKCCN
LPWCA
OEVAN
FAWZX
QWERT
CUTYR
RGLBH
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Electrical and Radio Fundamentals
Current Flow - Conductors and Insulators - Condensers Coils- Tuned Circuits- Vacuum Tube Fundamentals

ONE

will recall from high-school chemistry that all matter
solids, liquids and gases
is made up of fundamental units called
molecules, the smallest subdivision of matter,
These molecules in turn are found to consist of
atoms of the component elements. Molecules
and atoms are infinitesimally small, and can't
be seen even with the most powerful microscopes. The thing to remember is that all
matter is made up of molecules which are in
turn combinations of atoms of the component
elements.
Electrons
All atoms are made up of particles, or
charges, of electricity
nothing more - and
atoms differ from each other only in the number and arrangement of these charges. These
charges are called electrons. The atom has a
nucleus containing both positive and negative electrons, with the positive predominating
so that the nature of the nucleus is positive.
The charges in the nucleus are closely bound
together. Exterior to the nucleus are negative
electrons, some of which are not so closely
bound and can be made to leave the vicinity
of the nucleus without too much urging. These
electrons whirl around the nucleus like the
planets around the sun, and their orbits are
not random paths but geometrically-regular
ones determined by the charges on the nucleus
and the number of electrons. Ordinarily the
atom is electrically neutral, the outer negative electrons balancing the positive nucleus,
but when something disturbs this balance
electrical activity becomes evident, and it is
the study of what happens in this unbalanced
condition that makes up electrical theory.
• ELECTRONS AT REST
It was mentioned above that in some ma-

terials it is relatively easy to move the electrons
Fig. 301 - Lightning is
caused hy the discharge of
electricity that huilds up on
a cloud reaching a potential
high enough to break down
the air hetween the clnud
and ground or another cloud.
The charge is believed to he
caused hy friction of air
masaes or dust particles.
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away from the nucleus. There are also many
materials in which this is difficult to do. A
material in which it is hard to move or displace
the electrons by electrical means is said to have
a high resistance, and further along you will
see why this is also an appropriate term from
other standpoints.
Static CharAes
Many materials that have a high resistance
can be made to acquire a charge (surplus or
deficiency of electrons) by mechanical means.
You have often heard the "electricity" crackling when you ran your hard-rubber comb
through your hair on a dry winter day, or have
noticed the tiny spark that jumps from your
finger tip to a metal object after you have
walked across a rug in a dry room. This was
caused simply by the friction of the comb passing through your hair and of your shoes passing
over the carpet. The spark, in either case, was
caused by the attempt of the charge that had
built up to equalize itself. In other words,
when you ran the comb through your hair,
there was a surplus of electrons left on the
comb, forming a charge, and the next time you
brought the comb near your hair the charge
was in such a hurry to equalize itself that it
jumped a short distance through the air. The
higher the charge, the greater the distance it
can jump. Lightning is nothing more than the
same thing on a gigantic scale; clouds pick up
a tremendous charge (meteorologists don't
agree as to why, but friction of air masses or
dust pal ticles is believed to be a contributing
factor) and when the charge becomes great
enough it breaks over in a blinding flash to
ground or to another cloud with the opposite
charge. Objects can have either a surplus or a
deficiency of electrons - it is called a negative
charge if there is a surplus of electrons; a
positive charge if there is a lack of them. As
with all things in nature, there must always be
a balance, and for every negative charge there
will be found a similar positive charge, since
each electron that leaves an atom to form a
negative charge leaves the rest of the atom
with a positive charge.
You will have the essence if you remember
that these charges or potentials are nothing
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more than a lack or surplus of electrons.
If two objects are charged difl'erently,
a potential difference is said to exist IIO~
between them, and this difl'erence is
measured by an electrical unit called
the volt. The greater the potential difA
B
c
ference, the higher (numerically) the
Fig.
303
A
simple
example
of
Ohm's
Law.
At A, a
voltage. The difference in electrons between
lamp across the nO-volt line hums with normal
the two objects which causes this poten- single
hrilliancy, indicating normal current through the lamp.
tial difference or voltage exerts an electrical
At E, the two lamps in series give an effective resist.
pressure or force which is trying to equalize and ance of twice that of a single lamp, and the current
through
them is therefore only half normal current.
thus nullify the charges, and for this reason it
i. indicated by half brilliancy of tbe lamps.
is often called electromotive force or, simply, This
At C, the lamps are connected in parallel, and since
e.m.f. However, one usually thinks of it as the lamps have no volts acroSS them tbey burn with
"voltage," remembering that voltage repre- normal brilliancy. But twice as much Iigbt i. given off,
the system must be drawing twice as lunch cnrrent
sents the electrical potential difference Bet up SO
and the effect of the two lamps in parallel i. to place a
by a surplus or lack of electrons.
load across the line of half the resistance of one lamp.
Condensers
Now is a good time to become acquainted
with a fundamental electrical device used
quite often in electrical and mechanical work,
the condenser. So far, only static charges on
combs and clouds have been mentioned. However, if two metal plates are separated a short
distance by a high-resistance material, such as
glass, mica, oil or air, or anyone of a number of
other materials, it will be found that the two
plates can be given a charge by connecting
t.hem to a source of potential difference such as
a battery or other power supply. The potential
difference, or voltage, of the charge will be
equal to that of the source. The quantity of the

Fig. 302 - Various forms of condensers. The electrolytic condenser at the left front i. a low-voltage one used
as an audio hy-pass across cathode resistors. The long,
cylindrical caD directly in ba~ houses a higher-voltage
electrolytic cDndenser used in receiver and low-voltage
transmitter power-supply filters. The small paper (front
row, second from left) and the small miea (front row,
extreme right) fixed condensers are used in receiver and
low.voltage transmittcr applications. The small mriable
eondenser in the front row is used in receivers and lowvoltage transmitters; the variable condenser with the
heavy plates and greater spacing i. used in high-power
transmitters. The small, compact vacnum condenser is
a new type of fixed condenser for transmitting having an
even greater voltage ratm; than the large variable
condenser and losses low enou gh 80 that it may he used
in a transmitter tank circuit.

charge will depend upon the voltage of the
charging source and the capacity of the condenser. The value of capacity of a condenser
is a constant depending upon the physical dimensions, increasing with the area of the
plates and the thinness and dielectric constant
of the insulating material in between.
Capacity is measured in farads, a unit much
too large for practical purposes, and in radio
work the terms micr8farad (abbreviated pfd.)
and micro-microfarad (1'I'fd.) are used. The
microfarad is one-millionth of a farad, and the
micro-microfarad is one-millionth of that.
One can easily demonstrate the difference in
the quantity-holding ability of condensers by
taking two of different capacity out of the junk
box, touching them one at a time across a
45-volt B battery to charge them, and then
discharging them with a screw driver across
the terminals. The one with the larger capacity
will give a fatter spark when it is discharged.
Since they were both charged to exactly the
same potential - the voltage of the battery
the difference in the discharges was due to the
difl'erence in the amount of stored charge.
Electrostatic Field
The electrical energy in a charged condenser
is considered to be stored in much the sa.me
way that mechanical energy is stored in a
stressed spring or rubber band. Whereas the
mechanical energy in the spring can be stored
because of the elasticity of the material, the
electrical energy is stored in a condenser
because of the electrostatic field that exists
wherever a difference of potential occurs. The
conception of a field, or lines of force, is adopted
as the only way to explain the "action at a.
distance" of an electrical cha.rge.

• ELECTRONS IN MOTION
It was mentioned above that a material in
which it is difficult to move the electrons is said
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to have high resista.nce. Oonversely, a material

and the resistance of the conductor. Th(! unit of

in which it is easy to move the electrons is said
to have low resistance or, more simply, it is
called a good conductor. Most of the metals fall
into this class, with silver and copper being
among the best, followed by aluminum, brass,
zinc, platinum and iron, in the order named.
Conductors will, of course, conduct electricity
regardless of their shape, but in most electrical
work the most efficient form of conductor is a
round wire, and henceforth when the word
"conductor" is used, it should be visualized
as a wire.

resistance is the ohm, and, by definition, an
e.mJ. of one volt will cause a current of one
ampere to flow through a resistance of one
ohm. Since the three quantities are interdependent, if we know the values of any two we
can easily determine the third by the simple
relation known as Ohm's Law. When I is the
current in amperes, E is the electromotive force
in volts and R is the circuit resistance in ohms,
the formulas of Ohm's Law are:
E
E

Current Flow
If a difference of potential exists across the
ends of a conductor (by connecting the wire to
a battery or generator or other source of voltage) there will be a continuous drift of electrons
passing from atom to atom, and an electrical
current is said to be flowing. The electrons do
not streak from one end of the conductor to
the other
their actual movement is quite
minute
but it is more like a "bucket brigade" where, instead of firemen handing
buckets down the line, atoms pass a potential
difference down the line of the conductor until
it is neutralized. The current itself may be
traveling quite fast, close to the speed of light,
but the actual electrons themselves move only
a short distance.
The current is measured in amperes, and if
you wish to visualize that in terms of electrons,
try to remember that a current of one ampere
represen ts nearly 1019 (ten million, million,
million) electrons flowing past a point in one
second; or that a micro-ampere (millionth of
an ampere) is nearly 10 million electrons per
micro-second (millionth of a second).

The resistance of the circuit can therefore be
found by dividing the voltage by the current: the
current can be found by dividing the voltage by
the resistance: the electromotive force or e.m.f. is
equal to the product of the resistance and the
current.
The resistance of any metallie conductor
depends upon the material and its temperature, its cross-sectional area and the length of
the conductor. When resistance is deliberately
added to a circuit, as is often done to adjus't
voltages or limit current flow, the resist<>nce is
usually lumped in a single unit and the unit is
called a resistor.

Ohm's Law
The current in a conductor is determined by
two things, the voltage across the conductor

R

7

1=R

E = IR

Resistances in Series and Parallel
Resistors, like battery cells, may be connected in series, in parallel or in series-parallel.
When two or more resistors are connected in
series, the total resistance of the group is higher
than that of any of the units. Should two or
more resistors be connected in parallel, the
total resistance is decreased. Fig. 304 and the
following formulas show how the value of a
bank of resistors in series, parallel or seriesparallel may be computed, the total being
between A and B in each case.
Resistances in series:
Total resistance in ohms = RI + R2 + R3 + R.
Resistances in parallel:

Total resistance in ohms = 1
Rl

1 1 1

1

+ R2 + Ra +

Or, in the case of only 2 resistances in
parallel,
·
. h
RIR2
T otal re8'>stance
~n 0 ms = Rl
R2

+

Resistances in series-parallel:
Total resistance in ohms =
A

SERIESPARALLEL

R.

Rl

Rs

Rz

A.

R,

Ra

R.

B
Pig. 304 - Diagrams of series, parallel and serie.>
parallel resistanee connections.
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Ioniza tion
All conduction does not necessarily take
place in solid conductors. If a glass tube is
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fitted with metal plates at each end, and filled
with a gas or even ordinary air (a mixture of
gases) at reduced pressure, an electric current
may be passed through the gas if a high-enough
voltage is applied across the metal terminals.
The commonly-used neon advertising signs
utilize this principle, since the current flow
also generates light, the color depending upon
the gas being used. When the voltage is applied
across the tube, the positively charged plate
attracts a few electrons, which are given considerable velocity due to the acceleration of the
electric charge and the fact that the reduced
pressure in the tube (less gas) permits the electrons to travel farther before colliding with a
gas atom. When they do collide with the atoms,
they knock off outer electrons of the gas atom
and these electrons also join the procession towards the positive plate, and of course knock
off more electrons from other atoms. The atoms
that have had an electron or two knocked off
are no longer true atoms but ions, and since
they have a positive charge (due to the electron
deficiency) they are called "positive ions."
These positive ions, being heavier than the
electrons, travel more slowly towards the
negative plate, where they acquire electrons
and become neutral atoms again. The net
result is a flow of electrons, and hence of current, from negative plate to positive plate. The
light given off, it may be mentioned, is considered incidental to the recombination of ions
and free electrons at the negative plate. This
kind of conduction, made possible by ionization by collision, is utilized in the operation of
certain types of gaseous rectifiers, and in
combination with another principle in mercuryvapor rectifiers.
Electrolytic Conduction
A very large number of chemical compounds
have the peculiar characteristic that when
they are put into solution the component
parts become ionized. For example, common
table salt or sodium chloride, each molecule of
which is made up of one atom of sodium and
one of chlorine, will, when put into water,
break down into a sodium ion (positive, with
one electron deficient) and a chlorine ion
(negative, with one excess electron). This can
only occur as long as the salt is in solution take away the water and the ions are recombined into the neutral sodium chloride. This
spontaneous disassociation in solution is of
course another form of ionization, and if two
wires with a difference of potential across them
are placed in the solution, the negative wire will
attract the positive sodium ions and the positive wire will attract the negative chlorine
ions, and a current will flow through the solution. When the ions reach the wires the electron
surplus or deficiency will be remedied, and a

neutral atom will be formed. The energy supplied by the source of potential difference is
used to move the ions through the liquid and to
supply or remove electrons. This type of current flow is due to electrolytic conduction, and
the principle was utilized in the now almostobsolete "electrolytic rectifier." It also forms
a basis for the construction of the" electrolytic
condenser. "
Batteries
All batteries depend upon chemical action
for the generation of a potential difference
across their terminals. The common dry cell
(which won't work completely dry) depends
upon zinc ions (the metal case of a dry cell is
the zinc plate) with a positive charge going
into solution and leaving the zinc plate strongly
negative. The electrical energy is derived from
the chemical energy, and in time the zinc will
be used up or worn away. However, in lead
storage batteries, such as are used in automobiles for starting, the electrical energy is stored
by chemical means and entails no destruction
of the battery materials. The water that must
be replaced from time to time is lost by
evaporation.
It might be pointed out here that the term
"battery" is used correctly only when speaking of more than one cell - a single cell is not
a battery, but two or more connected together
become a battery.
Thermionio Conduction
There is still another method of electric
current conduction, one of the most important
in radio because it is the foundation for the
whole wonderful family of vacuum tubes used in
both reception and transmission. If a suitable
metallic conductor, such as tungsten or oxidecoated or thoriated tungsten, is heated to Q

Fig. 305 - Illustrating conduction by thermonic
emission of electrons in a vacuum tube. One battery is
used only to heat the filament to a temperature wbere
it will emit electrons. Tbe other battery places a positive
potential on the plate. with respect to the filament, and
tbe electrons are attracted to tbe plate. Tbe How of
electrons completes tbe electrical patb, and curren t
Hows in the plate circuit.
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high temperature in a vacuum (by passing
current through it until it heats to the proper
temperature) electrons will be emitted from
the surface. The electrons are freed from this
filament or cathode because it has been heated
to a temperature that activates them sufficiently to allow them to break away from the
surface. The process is called thermionic electron
emission, or simply emission. Once free, these
electrons form a cloud of negative electrons
immediately surrounding the cathode which
will repel further electrons that try to break
through this space charge. A few will be given
sufficient velocity to travel some distance from
the cathode, but the majority will stay in the
vicinity of the cathode. However, if a plate
is placed in the vacuum tube, and given a
positive charge by connecting a battery between plate and cathode, this plate or anode
will attract a number of the electrons that surround the cathode. The passage of these electrons from cathode to anode constitutes an
electric current. Some of the electrons that
reach the anode may have sufficient velocity
to dislodge an electron or two from the plate,
and these electrons can be attracted to other
positively-charged plates in the vicinity. If
there are no other positive plates nearby, the
electrons are attracted back to the plate from
which they came. The process of dislodging
electrons by other fast-moving electrons is
called secondary emission. The important thing
to remember is that all thermionic vacuum
tubes depend for their operation on the emission of electrons from a hot cathode, and that
the current flowing through a vacuum tube is
simply the flow of these electrons being attracted to a positively-charged plate or anode.
Insulators
Materials with a very high resistance, like
hard rubber, steatite, bakelite, isolantite, mica,
mycalex, quartz, sulphur and vacuum are
called insulators. If an insulator is used to
separate the plates of a condenser, it is called
a dielectric. Poor conductors are good insulators,
and vice versa. Insulators are used where it is
desired to avoid current flow through a physical connection.
Heating Effect and Power
When current passes through a conductor,
there is some amount of molecular friction, and
this friction generates heat. This heat is dependent only upon the current in the conductor, the resistance of the conductor and the
time during which the current flows. The
power used in heating or the heat dissipated
in the circuit (which may be considered sometimes as an undesired power loss) can be determined by substitution in the following
equations:
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P = EI,
or P = P.R,
or P = E2

P being the power in watts, E the e.m.f. in
volts, and I the current in amperes.
It will be noted that if the current in a
resistor and the resistance value are known, we
can readily find the power. Or if the voltage
across a resistance and the current through it
are known or measured by a suitable voltmeter and ammeter, the product of volts and
amperes wilJ give the power. Knowing the approximate value of a resistor (ohms) and the
applied voltage across it, the power dissipated
is given by the last formula.
Likewise, when the power and resistance in a
circuit are known, the voltage and current
can be calculated by the following equations
derived from the power formulas given above:

E= v'PR
I

/]5

VR

Magnetic Field
Any physicist will tell you that moving electrons generate a magnetic field. This magnetic
field is exactly the same as the strange force
that exists in the vicinity of any magnet and is
capable of attracting other magnetic materials.
Since a current in a wire is electrons in motion,
it is not strange that a magnetic field is found
in the vicinity of a conductor with current
flowing through it.
There is a converse to this. When a conductor is moved through a magnetic field (or the
field is moved past the conductor) electrons in
the conductor are forced to move, producing a
current. An electric current generates a magnetic
field about it and, conversely, an electric current
is generated by a magnetic field moving (or
changing) past the conductor.
Magnetic fields are in the form of lines surrounding the wire; they are termed lines of

Fig. 306- Whenever current passes

through a wire, a
magnetic field exists
around the wtre~
Its direction can be
traced by means of a

small compass.
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magnetic force. These lines of force, in the form the coil tends constantly to oppose any change
of concentric circles around the conductor, lie in the current flowing through it, and it takes
in planes at right angles to the axis of the an appreciable amount of time for the current
conductor.
to reach its normal value through the coil. The
The magnetic field constituted by these effect can be visualized as electrical inertia.
lines of force exists only when current is flow- After the current has come to a steady value,
ing through the wire. When the current is the self-inductance has no effect, and the
started through the wire, we may visualize the current is only limited by the resistance of the
magnetic field as coming into being and sweep- wire in the coil.
ing outward from the axis of the wire. And on
The inductance of a coil is measured in
the cessation of the current flow, the field col- henrys 01', when smaller units are more conlapses toward the wire again and disappears. venient, the millihenry (one-thousandth of a
Thus energy is alternately stored in the field and henry) or microhenry (one-millionth of a henreturned to the wire. When a conductor is ry). The inductance of a coil depends on
wound into the form of a coil of many turns, several factors (see Chapter Twenty), chief of
the magnetic field becomes stronger because - which are the number of turns and the crosssectional area of the coil. The inductance can
be greatly increased by using iron instead of
\ \S I
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Fig. 307
When the conducting wire i8 coiled, the
individual magnetic field. of each tUrn are in snch a
direction as to produce a field similar to that of a bar
magnet.

there are more lines of force, and the effect can
be increased still further by placing an iron
core within the coil. The force is expressed in
terms of magneto-motive force (m.m.f.) which
depends on the number of turns of wire, the
size of the coil and the amount of current
flowing through it. The same magnetizing effect can be secured with a great many turns
and a weak current or with fewer turns and a
greater current. If 10 amperes flow in one
turn of wire, the magnetizing effect is 10
ampere-turns. Should one ampere flow in 10
turns of wire, the magnetiZing effect is also
10 ampere-turns.
Inductance
When a source of voltage is connected across
a coil, the current does not immediately reach
the value predicted, by Ohm's Law, for the applied voltage and the resistance of the coil.
The reason for this is that, as the current
starts to flow through the coil, the magnetic
field around the coil builds up. As this field
builds up, it induces a voltage back in the coil,
and the current caused by this induced voltage
is always in the opposite direction to the current originally passed through the coil. Therefore, because of this property of selj-indudWn,

Electric Circuits
You will often Bee mention of an electric
"circuit." It is sufficient to remember that this
is simply a complete path along which electrons
can transmit their charge. More completely,
there will normally be a source of energy - a
battery, generator, or magnetic means for
inducing current flow - and a load or portion
of the circuit where the current is made to do
useful work. There must be an unbroken path
through which the electrons can transmit their
charges, with the source of energy acting as an
electron pump and sending them around the
circuit. The circuit is said to be open when no
charges can move, due to a break in the path.
It is closed when no break exists - when
switches are closed and all connections are
properly made.
• ELECTRONS IN MOTION NATING CURRENT

ALTER.

Thus far only direct current, i.e., current
traveling in one direction, has been discussed.
However, most electrical and radio work
utilizes alternating current, or current that
alternates its direction in periodic fashion.
(Peak value
10----

.

A. C. meters read the
effective (rm.s) volue$

oicurrentond vOltage
(r.m.s. = .707 of peak.
va/ue of sine wave
TIME
360"

1.0

Fig. 308
Representing sine-wave alternating cur·
rent and voltage.
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An electric current can be generated by a
magnetic field moving or changing past a conductor. If the magnetic field moves in one
direction, the electric current will flow in one
direction; if the magnetic field moves in the
opposite direction (decreasing is the same
thing) in effect the current will move in the
opposite direction. Mechanical methods are
used to generate alternating current by this
principle, using rotating machinery, and the
machines are called alternating-current generators or alternators. Their design is such that the
current in the wire (or voltage across the
terminals) will go from zero to a peak value and
back to zero, and up to a peak value in the opposite direction and back to zero, in what is
called a sine wave. The length of time that it
takes to go through this cycle is called the
period; the number of times it goes through
this cycle, per second, is called the frequency.
It may be easier to understand if the value of
current (or voltage) is represented graphically as
in Fig. 308. This is simply a chart showing that
the current starts at zero value, builds up to a
maximum in one direction, comes back down
to zero, builds up to a maximum in the opposite
direction and comes back to zero. This com60 cycle (per second) curpletes one cycle
rent does this 60 times a second. The curve
followed is described mathematically as a
sine curve: it will be shown later how harmonics win change the general shape of the
curve.
It is evident that both the voltage and current are swinging continuously between their
positive maximum and negative maximum
values, and it might be wondered how one can
speak of so many amperes of alternating current when the value is changing continuously.
The problem is simplified in practical work by
considering that an alternating current has an
effective value of one ampere when it produces
heat at the same average rate as one ampere of
continuous direct current flowing through a given
resistor. This effective value is the square root
of the mean value of the instantaneous current
squared. For the sine-wave form,
Eeff = V

Y2EJ, ••

For this reason, the effective value of an alternating current, or voltage, is also known as the
root-mean-square or r.m.s. value. Hence, the
effective value is the square root of Y2 or 0.707
of the maximum value
practically considered 70% of the maximum value.
Another important value, involved where
alternating current is rectified to direct current,
is the average. This is equal to 0.636 of the
maximum (or peak) value of either current or
voltage. The three terms maximum (or peak),
effective (or r.m.8.) and average are so important
and are encountered so frequently in radio
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work that they should be fixed firmly in mind
right at the start.
They are related to each other as follows:
Em•• = Ee£! X 1.414 = Eave X 1.57
Eeu = Emu X .707 = E. ve XI. 11
Eave = EmJU X .636 = E./f X .9

The relationships for current are the same as
those given above for voltage. The usual alternating current ammeter or voltmeter gives a
direct reading of the effective or r.m.s. (root
mean square) value of current or voltage. A
direct current ammeter in the plate circuit of
a vacuum tube approximates the average value
of rectified plate current. Maximum values
can be measured by a peak vacuum-tube voltmeter. Instruments for making such measurements are treated in Chapter Seventeen.
Transformers
If two coils of wire are wound on a laminated

iron core, and one of the coils is connected to a
source of alternating current, it will be found
that there is an alternating voltage across the
terminals of the other coil of wire, and an al-

Primanj

Jecondar'l

Fig. 309
Schematic representation of a transformer.
Alternating current Ilo"ing in the primary winding
induces a current in the secondary winding. The ratio
of the primary voltage to secondary voltage is very
nenrly equal to the ratio of primary tums to secondary
turns.

ternating current will flow through a conductor
connecting the two terminals. The explanation
is simple: The alternating current in the first
coil. or primary, causes a changing magnetic
field in the iron core, and this changing magnetic field causes or induces an alternating
current in the second coil, or secondary. The
proportion of primary voltage to secondary
voltage is very nearly the same as the ratio of
primary turns; Le., twice as many secondary
turns as primary turns will give twice as much
secondary voltage, etc. The current proportion
it is inversely proporgoes the other way
tional to the turns ratio.
Reactance - Inductive and Capacitive
When alternating current passes through a
coil, the effect described under" Inductance"
(see page 27) is present not only when the
circuit is first closed but at every reversal of thE'
current, and the inductance of the coil limits
the flow of current. The higher the frequency
of the current the more the inductance will try
to prevent its flow. Further, the higher the
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inductance the greater is the tendency to
retard current of the same frequency. This
characteristic of a coil, which depends both
upon frequency and inductance, is termed the
reactance, or inductive reactance.
We can readily understand how very different will be the performance of any condenser
when direct or alternating voltages are applied
to it. The direct voltages will cause a sudden
charging current, but that is all. The alternating voltages will result in the condenser becoming charged first in one direction and then
the other - this rapidly changing charging
current actually being the equivalent of an
alternating current through the condenser.
Many of the condensers in radio circuits are
used just because of this effect. They serve to
allow an alternating current to flow through
some portion of the circuit but at the same
time prevent the flow of any direct current.
Of course, condensers do not permit alternating currents to flow through them with perfect ease. They impede an alternating current
just as an inductance does. The term capacitive
reactance is used to describe this effect in the
case of condensers. Condensers have a reactance which is inversely proportional to the
capacitance and to the frequency of the applied voltage .
. It should not be thought that the reactance
of coils becomes infinitely high as the frequency is increased to a high value and, likewise, that the reactance of condensers becomes
infinitely low at high frequencies. All coils have
some capacity between turns, and the reactance of this capacity can become low enough
at some high frequencies to tend to cancel the
high reactance of the coil. Likewise, the leads
and plates of condensers will have considerable
inductance at high frequencies, which will
tend to offset the capacitive reactance of the
condenser itself. For these reasons, chokes for
high-frequency work must be designed to have
low "distributed" capacity, and condensers
must be wired with short, heavy leads to have
low inductance. Formulas for calculating inductive and capacitive reactance can be found
in Chapter Twenty.
Phase
It has been mentioned that in a circuit

containing inductance, the rise of current is
delayed by the effect of electrical inertia presented by the inductance. Both increases and
decreases of current are Similarly delayed. It
is also true that a current must flow into a
condenser before its elements can be charged
and so provide a voltage difference between its
terminals. Because of these facts, we say that
a current "lags" behind the voltage in a
circuit which has a preponderance of inductance and that the current "leads" the voltage

in a circuit where capacity predominates. Fig.
310 shows three possible conditions in an alternating current circuit. In the first, when the
load is a pure resistance, both voltage and
current rise to the maximum values simultaneously. In this case the voltage and current
are said to be in pha8e .. In the second instance,
the existence of inductance in the circuit has
caused the current to lag behind the voltage.
In the diagram, the current is lagging one
quarter cycle behind the voltage. The current
is therefore said to be 90 degrees out of phase
with the voltage (360 degrees being the complete cycle). In the third example, with a
capacitive load, the voltage is lagging one
quarter cycle behind the current. The phase
difference is again 90 degrees. These, of course,
are theoretical examples in which it is assumed
that the inductance and the condenser have
no resistance. Actually, the angle of lag or
lead (phase angle) depends on the ratio of
reactance to resistance in the circuit.
Another kind of phase relationship frequently encountered in radio work is that
between two alternating currents of identical
frequency Howing simultaneously in the same
circuit. Even in a circuit of pure resistance the
two currents will augment or nullify each
other, depending on whether they are in phase
or out of phase. When two such currents are
of the same frequency and in phase they are
said to be synchronized, the maximum amplitude of the combination then being the arithmetical SlIm of the two separate amplitudes.
The maximum amplitude will be lessened as
the phase differs, reducing to zero amplitude
with two equal currents when the phase angle
becomes 180 degrees. The latter condition is

~P\7
~lJf

lime

(!» Currellt '~4ff"f' ""lt4je WII'" Pun! I~
I"CI~Vlt

Fig. 310 - Voltage and current pbase relations witb
resistance and reactance circuits.
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, known AS ph~t opposifion or. more commonly.
out of phase.
Impedance (Z)

The combined effect of resistance and
reactance is termed impedance in the case of
both coils and condenj5ers. The symbol for
impedance is Z and, for a series circuit. it is
computed from the formula:

Z

=

VR2

+ X2

where R is the resistance and X is the reactance. The terms Z, R and X are all expressed
in ohms. Ohm's Law for alternating current
circuits then becomes
I =

z;E

Z =

E

T;

E = IZ

When a circuit contains resistance, capacitance and inductance. all three in series, the
value of reactance will be the difference between that of the coil and that of the condenser.
Since for a given coil and condenser the inductive reactance increases with frequency and
capacitive reactance decreases with frequency,
the inductive reactance (designated XL) is
conventionally considered positive and the
capacitive reactance (Xc) negative. The net
impedance X = X L - Xc.
In finding the current flow through a condenser in an alternating current circuit we can
E
usually assume that I = Xc' The use of the
term Z (impedance) is, in such cases, made
unnecessary because the resistance of the
usual good condenser is not high enough to
warrant consideration. When there is a resistance in series with the condenser, however, it
can be taken mto account in exactly the same
manner as the resistance of the coil. The impedance of the condenser-resistance combination is then computed and used as the Z term
in the Ohm's Law formulas.
Resonance

It has been shown that the inductive reactance of a coil and the capacitive reactance of a
condenser are oppositely affected with frequency. Inductive reactance increases with
frequency; capacitive reactance decreases as
the frequency increases. In any combination of
inductance and capacitance, therefore, there is
one particular frequency for which the inductive and capacitive reactances are equal and,
since these two reactances oppose each other,
for which the net reactance becomes zero.
leaving only the resistance of the circuit to
impede the flow of current. The frequency at
which this occurs is known as the resonant
frequency of the circuit and the circuit is said to

30

CHAPTER THREE

he in resonance at that frequency or tuned to
that frequency.
The resonant frequency of a simple circuit
containing inductance and capacity is given by
1

=---=
X
£7rvLC

106

where
f is the frequency in kilocycles per second
27r is 6.28
L is the inductance in microhenrys (f.'h.)
C is the capacitance in micro-microfarads
(f.'f.'fd.)
The resonance equation in terms of wavelength is
where
A is the wavelength in meters
L Jlh. is the inductance in microhenrys
Cf.'f.'ld. is the capacitance in micro microfarads
All practical tuned circuits can be treated
as either one of two general types. One is the
series resonant circuit in which the inductance,
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Fig. 311
Characteristics of
parallel-resonant circuits.

series~resonant

and

capacitance, resistance and source of voltage
are in series with each other. With a constantvoltage alternating current applied as shown in
A of Fig. 311 the current flowing through such
a circuit will be maximum at resonant frequency. The magnitude of the current will be
determined by the resistance in the circuit.
The curves of Fig. 311 illustrate this, curve a
being for minimum resistance and curves band
c being for greater resistances.
The second general case is the parallel resonant circuit illustrated in B of Fig. 311. This
also contains inductance, capacitance and
resistance in series, but the voltage is applied
in parallel with the combination instead of in
series with it as in A. Here we are not primarily
interested in the Clllfrent Howing through the
circuit but in its characteristics as viewed from
its terminals, especially in the parallel impedance it offers. The variation of parallel
impedance of a parallel resonant circuit with
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frequency is illustrated by the same curves of
Fig. 311 that show the variation in current
with frequency for the series resonant circuit.
The parallel impedance is maximum at resonance and increases with decreasing series
resistance. Although both series and parallel
resonant circuits are generally used in radio
work, the parallel resonant circuit is most
frequently found, as inspection of the diagrams of the equipment described in subsequent chapters will show.
High parallel impedance is generally desirable in the parallel resonant circuit and low
series impedance is to be sought in series resonant circuits. Hence low series resistance is
desirable in both cases.
Sharpness of Resonance (Q)
It is to be noted that the curves become
"flatter" for frequencies near resonance frequency as the internal series resistance is
increased, but are of the same shape for all resistances at frequencies further removed from
resonance frequency. The relative sharpness of
the resonance curve near resonance frequency
is a measure of the iJharpneiJ8 of tuning or
selectivity (ability to discriminate between
voltages of different frequencies) in such circuits. This is an important consideration in
tuned circuits used for radio work. Since the
effective resistance is practically all in the
coil, the condenser resistance being negligible
(except at 28 Mc. and higher), the efficiency of
the coil is normally the important thing determining the "goodness" of a tuned circuit.
A useful measure of coil effiCiency, and hence of
tuned circuit selectivity, is the ratio of the
coil's reactance to its effective series resistance.
This ratio is designated by Q.

Q=27r/L
R

The value of Q is determined directly from
the resonance curve of either a series-resonant
or parallel-resonant circuit as shown in Fig.
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312. It is given by the ratio of the resonance
frequency to the difference between the frequencies at which the series current (for the
series-resonant circuit) or the parallel voltage
(for the parallel-resonant circuit) becomes
70% of the maximum value. A value of Q that
represents a well-deSigned coil at the lower
frequencies will also represent an efficient coil
on the higher frequencies. This value ranges
from 100 to several hundred for good receiving
coils and slightly higher for transmitter inductances. It must be remembered, however,
that Q represents a ratio, so that the actual
frequency width of the resonance curve would
be proportionately greater for a high-frequency
circuit than for a low-frequency circuit having
the same value of Q.
Parallel-Resonant Circuit Impedance
The parallel-resonant circuit offers pure
resistance (its resonant impedance) between
its terminals at resonance frequency, and becomes reactive for frequencies higher and lower.
The manner in which this reactance varies
with frequency is shown by the indicated curve
in Fig. 313. This figure also shows the parallel
resistance component which combines with the

-I"REQIJEJVCY
-+
Fig. 313
The impedance of a parallel-resonant
circuit separated into its reactance and resistance
components. The parallel resistance is equal to the
parallel impedance at resonance.

reactance to make up the impedance. The reactive nature of parallel impedance at frequencies off resonance is important in a number of practical applications of parallel-tuned
circuits, in both transmitters and receivers,
and it will be helpful to keep this picture in
mind.
The maximum value of parallel impedance
which is obtained at resonance is proportional
to the inductance and inversely proportional
to the capacity and series resistance. (This
resistance should not be confused with the
resistance component of parallel impedance
which has just been mentioned.)

--if-

.
L
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Resonant Impedance = RC =

1';

Fig. 312
How the value of Q is determined from the
resonance curve or a sin lie circuit.
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Regoll!mt imped!l.nl!e == (21t'I.L)0
In other words, the impedance is equal to the
indudive reactance of the coil (at resonant
frequency) times the Q of the circuit. Hence,
the voltage developed across the parallel
resonant circuit will be proportional to its Q.
For this reason the Q of the circuit is not only a
measure of the selectivity, but also of its gain
or amplification, since the voltage developed
across it is proportional to Z. Likewise, the Q
of a circuit is related to the frequency stability
of an oscillator in which it is used, the frequency stability being generally better as the
circuit Q is higher.
The L-C ratio of a circuit is often mentioned,
and it is simply the ratio of inductance to
capacity in any particular circuit. A "high-L"
(or "low-C") circuit is one with more than normal inductance for the frequency or applica-

tion.
Piezo Electricity

Properly-ground crystals of quartz, tourmaline and other materials show a mechanical
strain when subjeeted to an electric charge
and, conversely, will show a differencc in potential between two faces when subjected to
mechanical strcss. This characteristic is callcd
the piezo-elec/ric effect and is utilized in several
ways. Rochelle-salt crystals are utilized as
microphone and headphone elements. A
properly-ground quartz crystal is electrically
equivalent to a series circuit of very high Q
and as such is used to replace the frequencydetermining coil and condenser in an oscillator
circuit (see Chapter Five). It can also be used
as a filter in the intermediate-frequency
amplifier of a superheterodyne receiver to give
greatly increased selectivity (see Chapter
Four).
• CIRCUITS WITH DISTRIBUTED CONsTANTs
ANTENNAS AND R.F. CHOKES

In addition to resonant circuits containing
lumped capacitance and inductance, there are
important tuned circuits which utilize·the distributed capacitance and inductance that are
inevitable even in a circuit consisting of a
singlc straight conductor. Transmitting and
receiving antennas are such circuits and dcpend on their distributed capacitance and
inductance for tuning. A peculiarity of such a
circuit is that when it is excited at its resonant
frequency the current or voltage, as measured
throughout its length, will have different values
at different points. For instance, if the wire
happens to be one in "free space" with both
ends open circuited, when it is excited at its
resonant frequency the current will be maximum
at ihe center and zero at the ends. On the other
hand, the voltage will be maximum at the ends
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and zero alIke cen!er. The explanaHon ot tMs is
that the traveling wavcs on the wire are reflected when they reach a.n end. Succeeding
waves traveling toward the Same end of the
wire (the incident waves) meet the returning
waves (reflected waves) and thc consequence of
this meeting is that currents add up at the
center and voltages cancel at the center; while
voltages add up at the ends and currents cancel at the ends. A continuous succession of such
incident and reflected waves therefore gives
the effect of a standing wave in thc circuit.
A similar standing-wave or straight-linc
resonance effect is experienced even when the
conductor is wound in a long spiral, or coil
having diameter small in proportion to its
length. A single-layer radio-frequency choke is
such a coiL It offers particularly high impedance between its ends at its resonant frequency and also, as will bc presently shown
for antennas, at multiples of its fundamental
resonant frequency. Either side of these
resonance peaks it has fairly high impedance,
if it is a good choke, and therefore is useful
over a considerable band of frequencies. Practically the same results are obtained with
chokes consisting of a number of layer-wound
sections, with all the sections connected in
series.
Frequency and Wavelen.gth
Although it is possible to describe the constants of such line circuits in terms of inductance and capacitance, or in terms of
inductance and capacitance per unit length, it
is more convenient to give them simply in
terms of fundamental resonant frequency or of
length. In the case of a straight-wire circuit,
such as an antenna, length is inversely proportional to lowest rtlsonant frequency. Since the
velocity of the waves in space is 300,000 kilometers (186,000 miles) per second, the wavelength of the waves is
A = 300,000

flM.

where A is the wavelength in meters and flu:. is
the frequency in kilocycles. The electrioallength
of an antenna is specified in terms of the wa velength corresponding to the lowest frequency
at which it will be resonant. This is known as
its fundamental frequency or wavelength. As
shown in the chapters on Antennas, the physical length is a few percent less than an actual
half-wavelength for an ungrounded (Hertz)
antenna and a quarter-wavelength for a
grounded (Marconi) antenna. This shortening
effect occurs because the velocity of the waves
is lcss in a conductor than in space. It is common to describc antennas as half-walle, quarterwave, etc., for a certain frequency (" half-wave
7000-kc. antenna," for instance).
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Wavelength is also used interchangeably
with frequency in describing not only antennas
but also for tuned circuits, complete transmitters, receivers, etc. Thus the terms" high·
frequency receiver" and "short-wave receiver," or "75-meter fundamental antenna"
and "4000-kilocycle fundamental antenna"
are synonymous.
Harmonic Resonance
Although a coil-condenser combination having lumped constants (capacitance and inductance) resonates at only one frequency,
circuits such as antennas containing distributed constants resonate readily at frequencies
which are very nearly, although not exactly,
integral multiples of the fundamental frequency (or wavelengths that are integral
fractions of the fundamental wavelength).
These frequencies are therefore in harmonic
relationship to the fundamental frequency
and, hence, are referred to as harmonics. In
radio practice the fundamental itself is called
the first harmonic, the frequency twice the
fundamental is called the 8econd harmonic, and
so on.
Fig. 314 illustrates the distribution of the
standing waves on a Hertz antenna for
fundamental, second and third harmonic ex-

4- CurfIMt Naxlmd (anti-notk.:fJ

b.c.il.e.f - CUr~"t N4de.r
Fig. 314 - Standing-wave current distribution on an
antenna operating as an oscillatory circuit at its fundamental, second barmonic and tbird barmonic frequencies.

citation. There is one point of maximum current with fundamental operation, there are
two when operation is at the second harmonic
and three at the third harmonic; the number of
current maxima corresponds to the order of the
harmonic and the number of standing waves on
the wire. As noted in the figure, the points of
maximum current are called anti-nodes (also
known as "loops") and the points of zero
current are called nodu.
Radiation Resistance
It will be remembered that it was shown that
current flow in a conductor was accompanied
by a magnetic field about the conductor; and
that with an alternating current the energy was
alternately stored in the field in the form of
lines of magnetic force and returned to the wire.

But when the frequency becomes higher than
15,000 cycles or so (radio frequency) all the
energy stored in the field is not returned to the
conductor but some escapes in the form of
electro-magnetic waves. In other words, energy
is rllodiated. Energy radiated by an antenna is
equivalent to energy dissipated in a resistor.
The value of this equivalent resistance is
known as radiation resistance. The approximate
value of power in an antenna can be computed
by multiplying the assumed radiation resistance by the square of the maximum current in
the antenna.
Resonant-Line Circuit
The effective resistance of a resonant straight
wire - that is, of an antenna - is seen to be
considerable. Because of the power radiated,
or " coupled" to the surrounding medium, the
resonllonce curve of such a straight-line circuit
is quite broad. In other words, its Q is relatively
low. However, by folding the line, as suggested
by Fig. 315, the fields about the adjacent sections largely cancel each other and very small
radiation results. The radiation resistance is
greatly reduced and we have a line-type circuit
which can be made to have a very sharp
resonance curve or high Q.
A circuit of this type will have a standing
wave on it, as shown by the dash-line of Fig.
315, with the instantaneous current flow in
each wire opposite in directioll to the flow in
the other, as indicated by the arrows on the
diagram. This opposite current flow accounts
for the cancellation of radiation. Furthermore,
the impedance across the open ends of the line
will be very high, thousands of ohms, while
the impedance across the line near the closed
end will be very low, as low as 5 ohms or so at
the least.
Matched-Impedance Lines
If a two-wire line were made infinitely long
there would be no reflection from its far end
when radio-frequency energy was supplied to
the input end. Hence, there would be no standing waves on the line and it would be, in effect,
non-resonant. The input impedllonce of such
a line would have a definite value (resistive)

Fig. 315 - Standing wave and instantaneous current
conditions of a folded resonant-line circuit.
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determined, practically, by the si'll! cf the
wires, their spacing and the dielectric between
them. This impedance is called the 8urge impedance or characteristic impedance. If this
line were cut and it was terminated, at a
definite distance from the input end, by an
impedance equal to the surge impedance of
the infinite line, again there would be no reflections from the far end and, consequently, no
standing waves.
Resonant lines and lines terminated in their
characteristic impedance find much application
in coupling transmitters and receivers to antenna systems.
• COUPLED CIRCUITS

Resonant circuits are not used alone in very
many instances but are usually associated with
other resonant circuits or are coupled to other
circuits. It is by such coupling that energy is
transferred from one circuit to another. Such
coupling may be direct, as shown in A, Band C
of Fig. 316, utilizing as the mutual coupling
element, inductance (A), capacitance (B) or
resistance (C). These three types of coupling
are known as direct inductive, direct capacitive,
or direct resistive, respectively. Current circulating in one LC branch fiows through the common element (C, R or L) and the voltage developed across this element causes current
fiow in the other CL branch. Other types of
coupling are the indirect capacitive and transformer or inductive shown below the others.
The coupling most common in high-frequency
circuits is of the latter type. In such an arrangement the coupling value may be changed
by changing the number of active turns in
either coil or by changing the relative position of the coils (distance or angle between
them).
All of the above coupling schemes may be
classified as either tight or loose. Coupling
cannot, however, be measured simply in
"inches" separation of coils. The separation
between the coils (distance and angle between
axes) and the inductance in each determine
the coefficient of coupling.

Coefficient 0/ Coup1in~ (k)
The common property of two coils which
gives transformer action is their mutual inductance (M). Its value is determined by selfinductance of each of the two coils and their
position with respect to each other. In practice,
the coupling between two coils is given in
terms of their coefficient of coupling, designated
by k. The coupling is maximum (unity or
100%) when all of the lines of force produced
by one coil link with all of the turns of the
other. With air-core coils in radio-frequency
circuits the coupling is much "looser" than
this, however. It is generally expressed by the
following relation:
M

VLIL2
in which k is the coefficient of coupling expressed either as a decimal part of 1, or, when
multiplied by 100, as a percentage; M is the
mutual inductance; Ll is the self-inductance
of one coil; and L2 is the self-inductance of the
other coil. M, Ll and L2 must be in the same
units (henrys, millihenrys or microhenrys).
Critical coupling is that which gives the
maximum transfer of energy from the primary
to the secondary. However, the sharpness of
resonance for the combination is considerably
lessened under this condition. With coupling
greater than critical, the resonance curve has
two "humps" appreciably separated. For good
selectivity the coupling is therefore made considerably less than the critical value, even
though this reduces the amplification or gain.

ltnpedance Matchinll
It should be kept in mind that, as has been
previously mentioned, both single resonant
circuits and coupled circuits are used in conj unction with other circuit elements. These
other elements introduce resistance into the
resonant circuits, and modify the constants
that they would have by themselves. In practice it is seldom possible for the amateur to precalculate the effect of such reactions, since the
other quantities are usually
unknown. In any case, it is
usually necessary to arrive at
"best conditions 11 by the
practical process of adjustment. However, the foregoing
C - Re,is-tive
B - Capacitille
A - Inductilll?
generalinformation is helpful
DIRECT COUPLING METHODS
in preliminary design or choice of tuned
CM
]~[ circuit combinations, and in understanding
why certain changes are likely to cause
different behavior in circuit performance.
.
eM
It is a well-known principle in radio
ETran,fbrmer
circuit
design that the maximum gross
D -Indirect Capacitive
power of a generator, such as a vacuum
Fig. 316 - Basic types of circuit coupling.
tube, wiII be delivered to its load when the

TliJYIilT
=n:J[
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load resistance is equal to the internal
resistance of the generator. In other
words, maximum power would be taken
from the generator when its resistance
was exactly matched by the load resistA
B
ance. Although this particular statement is literally true, it might not deFig. 317 - Methods oftapping the parallel impedance
scribe the most desirable condition of load- of resonant circuits for impedance matching.
ing. For one thing, the efficiency would be
only 50%, half the power being consumed in other (B) it is across one of two tuning conthe generator and half in the load. From densers in series. In both cases the impedance
the principle, however, has grown up a sys- between the tap points will be to the total impedtem of more or less standard practice in de- ance practically as the square of the reactance
~igning radio circuits which comes under the
between the tap points is to the total reactance of
broad heading of impedance matching. The the branch in which the tapping is done. That is,
term means, generally, that the load impedance if the coil is tapped at a point where the represented to the source is transformed to suit actance between the tap points is one-half
given requirements. This is accomplished by the total inductive reactance, the impedance
transformers and other coupling devices.
between these points wilt be 01)2 or oneIron-core transformers are widely used for fourth the total parallel impedance of the circoupling between load and vacuum-tube in cuit. The same will apply if the tap is made
audio-frequency amplifiers, for instance. In across one of two equal capacitance condensers
such cases the value of proper load resistance connected in series. If the condenser across
(load impedance) for maximum undistorted which the tap was made had twice the capacipower output will be given for the tube. This tance of the other, however, the impedance
load resistance, it will be noted, is not the same Z. would be one-ninth the total, since the reas the rated plate resistance of the tube, actance between the tap points would then be
which is equivalent to its internal resistance as but a third
capacitive reactance decreasing
a generator. A second figure will be given for as the capacitance is increased.
the actual impedance of the load device to
which the tube must supply undistorted power.
Link Coupling
The matching of this load to the given requireAnother coupling arrangement used for imments of the tube is the job of the coupling pedance matching radio-frequency circuit is
transformer, the job being to make the actual that known as link coupling. It is used for
impedance of the load device appear as the transferring energy between two tuned circuits
rated load impedance of the tube, so far as the which are separated by space so that there is
tube is concerned. This requires that the trans- no direct mutual coupling between the two
former have the proper ratio of secondary to coils. It is especially helpful in minimizing inprimary turns. The turn ratio will be equal to the cidental capacitive coupling between the two
square root of the impedance ratio.
circuits due to the distributed capacitance of
the windings, thereby minimizing the transfer
N. =
of undesired harmonic components of the deN,. '\jz"
sired fundamental. Two typical versions of
where N. and N p are the numbers of secondary link coupling are shown in Fig. 318. Both repand primary turns, Z. is the impedance of the resent an impedance step-down from one tuned
load device and Zp is the rated load resistance circuit to the coupling line, and then an imof the tube. 1'Ms will also be the voltage ratio
of the transformer.
Transformers are also used to provide proper
impedance matching in radio-frequency circuits, although here the problem is not one
of simply choosing a calculated turn ratio.
Rather, the right condition is arrived at by adj ustment of turns and distance between coils.

c.r;--'z.'~G: f'~ t,:, ]z.'~G
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Matching by Tapped Circuits

In addition to impedance matching by inductive coupling with tuned circuits, frequent
use is made of tapped resonant circuits. Two
methods for parallel resonant circuits are illustrated in Fig. 317. In one case (A) the
tapping is across part of the coil, while in the

M

M

Fig. 318 - Methods of using link coupling for
impedance matching.
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pedance step-up from the line to the other
tuned circuit.
The arrangement of Fig. 3l8-A will be
recognized as an adaptation of the impedancetapping method previously shown in Fig.
317-A. It is sometimes called auto-transformer
link coupling, because the link turns are also
included in the tuned-circuit turns. The arrangement of 3l8-B differs only in that the
link turns are separate and inductively coupled
to the tuned-circuit turns. The latter system is
somewhat more flexible in adjustment than the
tapping method, since the coupling at either
end of the line can be adjusted in small steps
by moving the link turns with respect to the
tuned-circuit coils.
• COMPLEX WAVES
Alternating currents having the ideal sinewave form are practically never found in
actual radio circuits, although waves closely
approximating the perfectly sinusoidal can be
generated with laboratory-type equipment. In
the usual case, such a current actually has
components of two or more frequencies integrally related, as shown in Fig. 319. Any complex wave-form can be resolved into a fundamental frequency and a number of wholenumber multiple frequencies called harmonics.
The harmonic of double frequency is the second
harmonic, one of triple frequency the third,
etc. Although the wave resulting from the
combination is non-sinusoidal the wave-form
of each component taken separately has the
sine-wave form. The resultant form of the complex wave will depend on the number and
amplitude of the harmonics and the phase
angles between the harmonics and the fundamental.
If a current of pure sine-wave form is passed
through some electrical device that distorts the
wave-form, i.e., changes its shape from the
original, the resultant current must necessarily
be made up of the fundamental plus harmonic

frequencies, and it is said that the device
"distorted" the wave-form of generated harmonics. Under oertain conditions, vaouumtube amplifiers will distort the wave-form and
generate harmonics.
The effective value of the current or voltage
for such a complex wave will not be the same
as for a pure sine wave of the same maximum
value. Instead, the effective value for the complex wave will be equal to the square root of the
sum of the squares of the effective values of the
individual frequency components. That is,

E = VE12 + E22 + Ea2
where E is the effective value for the complex
wave, and E l , E 2 , etc., are the effective values
of the fundamental and harmonics. The same
relation also applies where currents of different
frequencies not harmonically related flow in
the same circuit.
Combined A.C. and D.C.

There are many practical instances of simultaneous flow of alternating and direct current
in a circuit. When this occurs there is a pulsat
4

TIME _____

Fig. 320
Pulsating current composed of alternating
current superimposed on direct current.

ing current and it is said that an alternating
current is superimposed on a direct current.
As shown in Fig. 320, the maximum value is
equal to the d.c. value plus the a.c. maximum,
while the minimum value (on the negative a.c.
peak) is the difference between the d.c. and the
maximum a.c. values. If a d.c. ammeter is used
to measure the current, only the average or
direct-current component will be indicated.
An a.c. meter, however, will show the effective
value of the combination. But this effective
value is not the simple arithmetical sum of the
effective value of the a.c. and the d.c., but is
equal to the square root of the sum of the effective
a.c. squared and the d.c. squared.

I

Fig. 319 ponents.
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where I., is the effective value of the a.c.
oomponent, I is the effective value of the
combination and I.e is the average (d.c.) value
of the combination. If the a.c. component is of
sine-wave form, its maximum value will be its
effective value, as determined above, multiplied by 1.414. If the a.c. component is not
sinusoidal the maximum value will have a

Electrical and Radio Fundamentals
different ratio to the effective value, of course,
depending on its wave-form, as discussed in
the preceding section.
Beats

If two or more alternating currents of different frequencies are present in a normal circuit,
they have no particular effect upon one another
and, for this reason, can be separated again at
any time by the proper selective circuits.
However, if two (or more) alternating currents
of different frequencies are present in an element having unilateral or one-way current
How properties, not only will the two original
frequencies be present in the output but also
currents having frequencies equal to the sum,
and difference, of the original frequencies.
These sum and difference frequencies are called
the beat frequencies. For example, if frequencies of 2000 and 3000 kc. are present in a
normal circuit, only those two frequencies exist,
but if they are passed through a unilateralelement (such as a properly-adjusted vacuum
tube) there will be present in the output not
only the two original frequencies of 2000 and
3000 kc. but also currents of 1000 (3000 - 2000)
and 5000 (3000 + 2000) kc. Proper selective
circuits can select the desired beat frequency.
There are two important things to remember
about beats: (1) it is necessary to have a unilateral (or non-linear) element before beats can
be generated, and (2) both sum and difference
frequencies exist in the output, as well as the
original frequencies.
• ELECTRONS IN MOTION-RADIO
CIRCUITS AND COMMUNICATION

It has already been briefly mentioned that
when alternating current reaches a frequency
of 15,000 cycles or higher not all of the energy
stored in the magnetic field of a coil (or the
electrostatic field of a condenser) returns, but
that some of the energy escapes in the form of
electromagnetic radiation. In other words, the
energy is radiated into space. Not much escapes
from the conventional coil or condenser, but a
great deal is radiated from a resonant wire, as
mentioned before. As the frequency is increased, more and more of the total energy is
radiated, and most radio antennas at the higher
frequencies radiate practically all of the energy
introduced into them. This radiation through
space is the basis of all radio communication.
You now have the complete picture of the
family of moving electrons, or electricity. Electrons at rest in the form of static (meaning
8till) charges; electrons moving in one direction
forming direct-current How; electrons moving
back and forth at regular periods to form alternating current, and, when the frequency becomes great enough, radiating their energy
out into space. One thing is important: The

radio-frequency currents in the antenna set up
field8 of energy which travel through space

the electrons themselves are not hurled
through the air. Radio waves travel through
space with the speed of light, roughly about
186,000 miles per second, or seven times
around the world in one second. Normally
traveling in straight lines from the radiating
point, radio waves can be bent or refracted in
the upper atmosphere and thus transmitted to
a point on the opposite side of the earth.
Wiring Diagrams

The connections for the component parts of
any piece of electrical or radio equipment are
given in a wiring or circuit diagram. Reference
to the table of symbols will allow one to become familiar with the symbols used to represent the various components. It should be remembered that, unless it is so labeled, a wiring
diagram is not necessarily a "picture diagram"
and therefore does not show the relative position of parts and wires. Often the circuit
diagram will represent a layout of parts that
allows short, and hence desirable, leads but
this is not always the case. In any event, the
sequence of connections as shown in the wiring
diagram is not necessarily the sequence that
need be followed, and the relative length of
leads shown on the wiring diagram does not
necessarily represent the relative length of
leads in the set. Wires carrying radio-frequency
should be kept short; connections carrying
direct or low-frequency alternating current can
usually be any practical length without impairing the performance.
Grounds

Frequent reference will be made to "ground"
in discussing circuits in later chapters, and
nearly all wiring diagrams will show a ground
connection. I t should be understood from the
start that a ground connection does not necessarily mean that connection to the earth is
essential for the proper operation of the equipment, although it is sometimes necessary in
the case of high-gain audio amplifiers and some
receivers. Ground in a circuit normally means
the voltage-reference level of the circuit, and
it is a point in the circuit that can be connected
to the earth without any change in the operation of the equipment. In a receiver or transmitter, the metal chassis is usually used as the
ground for all d.c. voltages, and any a.c. or r.f.
circuit can be brought to ground by direct
connection or, when a direct connection would
short the d.c. circuit, by a condenser of Buitable size.
A Complete Radio System

Radiation through space is the basis of all
radio communication, but means must be
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provided for generating the signal and reclaiming it at the receiving end. The transmitting
station requires, first of all, a means for generating the radio-frequency energy, and this is
done by converting direct current or low-frequency alternating current power into radio
frequency by means of vacuum tubes and their
associated circuits, as will be explained in detail
later. The radio-frequency energy is fed into a
radiating system, or antenna. However, in
order to transmit intelligence, that intelligence must first be superimposed upon the
radio-frequency energy, and this is done by
either varying the amplitude of the output in
accordance with the voice frequencies of the
operator picked up by microphone and amplified, in the case of radiotelephone operation,
or by turning the output on and off to form the
dots and dashes of the Morse radio code that
correspond to the letters of the words that the
operator wishes to transmit. Thus the energy
radiated from the antenna serves as a carrier
for the intelligence.
At the receiving station, an antenna has
induced in it currents that correspond to those
in the transmitting antenna, although millions
of times weaker. These currents are introduced
into selective circuits which make it possible to
select the desired signal out of all that exist in
space at any instant, and they are amplified
by passing them through suitable vacuumtube amplifiers which build up the energy
level. But to make the signal audible it must
be detected, which means running the amplified
energy through a proper vacuum tube which
strips the radio-frequency from the signal and
leaves only currents which are varying exactly
as the voice currents from the microphone at
the transmitter varied. In the case of radiotelegraph transmission, an oscillator near the
frequency of the signal beat8 with the signal in
the detector to generate a beat frequency

within the audio range which

of course only
appears when the signal is coming through and
hence varies exactly as the dots and dashes
formed at the transmitter. The audible signal
may be amplified after detection and made
audible by feeding it into headphones or a
loud-speaker.
• VACUUM TUBES
As mentioned before, practically all of the
vacuum tubes used in radio work depend upon
thermionic conduction for their operation. The
simplest type of vacuum tube is that shown in
Fig. 322. It has but two elements, cathode and
plate, ang is therefore called a diode. The
cathode is heated by the "A" battery and
emits electrons which flow to the plate when
the plate is at a positive potential with respect
to the cathode. The" A " battery furnishes no
power to the cathode-plate circuit - its only

e
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Fig. 322 - The diode or two-element tube and a
typical characteristic curve.

function is to heat the cathode hot enough to
emit electrons freely. The tube is a conductor
in one direction only. If a battery is connected
with its negative terminal to cathode and
positive to plate (the" B" battery in Fig. 322)
this flow of electrons will be continuous. But if
a source of alternating voltage is connected
between the cathode and plate, then electrons
will flow only on the positive half-cycles of
alternating voltage; there will be no electron
flow during the half cycle
when the plate is negative.
Thus the tube can be used
as a rectifier, to change alternating current to pulsating
direct current. This alternating current can be anything
KC'l
from the 60-cycle kind to the
rMO;UlAiolt~
highest radio frequencies,
lIJed fore W),
t(Not
_______
•• Microphone
making it possible to use the
diode as a rectifier in power
RECEIVER
TRANSMITTER
supplies furnishing direct curFig. 321 - A complete radio system. The power
rent for our transmitters and receivers or to
supply of the transmitter furnisbes power that is changed
use it as a rectifier (detector) of radio-frequency
to radio-frequency energy and fed to the antenna. The
current in receivers.
08cilla tor determine. the frequency of the radio-fre.
The performance of the tube can be reduced
quency power. A modulator, for voice work, or a kcy for
radiotelegraph, varies the power fed to the amplifier
to easily-understood terms by making use of
and hence the power reaching the antenna. Weak radiowhat are known as tube characteristic curves. A
frequency cnrrents induced in the receiving antenna are
typical characteristic curve for a diode is
detected and amplified. and are heard in headphones or
a loudspeaker.
shown at the right in Fig. 322. It shows the
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currents flowing between the various tube
elements and cathode (usually only between
plate and cathode, since the plate current is of
chief interest in determining the output of the
tube) with different d.c. voltages applied to
the elements. The curve of Fig. 322 shows
that, with fixed cathode temperature, the
plate current increases as the voltage between
cathode and plate is raised. For an actual tube
the values of plate current and plate voltage
would be plotted along their respective axes.
With the cathode temperature fixed, the
total number of electrons emitted is always the
same regardless of the plate voltage. Fig. 322
shows, however, that less plate current will
flow at low plate voltages than when the plate
voltage is large. With low plate voltage only
those electrons nearest the plate are attracted
to the plate. The electrons in the space near the
cathode, being themselves negatively charged,
tend to repel the similarly-charged electrons
leaving the cathode surface and cause them
to fall back on the cathode. This is called the
space charge effect. As the plate voltage is
raised, more and more electrons are attracted
to the plate until finally the space charge effect
is completely overcome and all the electrons
emitted by the cathode are attracted to the
plate, and a further increase in plate voltage
can cause no increase in plate current. This is
called the saturation point.
Triode Action

Amplification

If a third element, called the control grid or
simply the grid, is inserted between the cathode
and plate of the diode the space-charge effect
can be controlled. The tube then becomes a
triode (three-element tube) and is useful for
more things than rectification. The grid is
usually in the form of an open spiral or mesh of
fine wire. With the grid connected externally to
the cathode and with a steady voltage from a
d.c. supply applied between the cathode and
plate (the positive of the" B" supply is always
connected to the plate), there will be a constant
flow of electrons from cathode to plate,
through the openings of the grid, much as in
the diode. But if a source of variable voltage
is connected between the grid and cathode
there will be a variation in the flow of electrons
from cathode to plate (a variation in plate
current) as the voltage on the grid changes
about a mean value. When the grid is made
less negative (more positive) with respect to
the cathode, the space charge is partially
neutralized and there will be an increase in
plate current; when the grid is made more
negative with respect to the cathode, the space
charge is reinforced and there will be a decrease in plate current. When a resistance or
impedance is connected in the plate circuit, the
variation in plate current will cause a variation

Fig. 323 -A typical audio-frequency amplifier using
a triode tube.

in voltage across this load that will be a magnified version of the variation in grid voltage. In
other words there is amplification and the tube
is an amplifier.
The measure of the amplification of which a
tu.be is capable is known as its amplification
factor, designated by ,.,. (mu). Mu is the ratio of
plate-voltage change required for a given
change in plate current to the grid-voltage
change necessary to produce the same change
in plate current. Another important characteristic is the plate resistance, designated rp. It is
the ratio, for a fixed grid voltage, of a small
plate voltage change to the plate current
change it effects. It is expressed in ohms. Still
another important characteristic used in describing the properties of a tube is mutual
conductance, designated by g", and defined as
the rate of change of plate current with respect
to a change in grid voltage. The mutual conductance is a rough indication of the design
merit of the tube. It is expressed in micromhos,
the ratio of amplification factor to plate resistance, multiplied by one million. These tube
characteristics are inter-related and are dependent primarily on the tube structure.
The operation of a vacuum tube amplifier is
graphically represented in elementary form in
Fig. 324. The sloping line represents the variation in plate current obtained at a constant
plate voltage with grid voltages ranging from a
value sufficiently negative to reduce the plate
current to zero to a value slightly positive.
Bear in mind that grid voltage is with reference to the cathode or filament. Notable facts
about this curve are that it is essentially a
straight line (is linear) over the middle section
and that it bends towards the bottom (near
cut oJ!) and near the top (saturation). In other
words, the variation in plate current is directly
proportional to the variation in grid voltage
over the region between the two bends. With a
fixed grid voltage (bias) of proper value the
plate current can be set at any desired value.
Tube characteristics of the type shown in
Fig. 324 may be of either the static or dynamic
type. Static characteristics show the plate current that will flow at specific grid and plate
voltages in the absence of any output devire
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in the plate circuit for transferring the plat.e
current variation to an external circuit.
Dynamic characteristics are more useful.
In plotting this form of curve a resistance, R",
is connected in series with the battery and
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Fig. 324
Operating characteristics of a vacuumtube amplifier. Cla•• -A amplifier operation is depicted.

plate-cathode circuit of the tube; it represents
a load or output circuit. Plate current flowing
through R" causes a voltage drop in the resistor; if the grid voltage is varied, causing a
variation in plate current, the voltage drop
across R" likewise will vary If an alternating
voltage is applied to the grid-cathode circuit
the alternating plate current causes an alternating voltage to be developed aeross R". This
voltage is the useful output of the tube.
The load impedance or load resistance, R",
may be an actual resistor or a device having an
impedance, at the frequency being amplified,
of a value suitable for the plate circuit of the
tube. In general, there will be one value of R.
which will give optimum results for a given
type of tube and set of operating voltages;
its value also depends upon the type of service
for which the amplifier is designed. If the impedance of the actual device used is considerably different from the optimum load impedance, the tube and output device must be
coupled through a transformer having a turns
ratio such that the impedanee reflected into
the plate circuit of the tube is the optimum
value.
Distortion
With negative grid bias as shown in Fig. 324
this point (the operating point) comes in the
middle of the linear region. If an alternating
voltage (signal) is now applied to the grid in
series with the grid bias, the grid voltage
swings more and less negative about the mean
bias voltage value and the plate current swings
up (positive) and down (negative) about the
mean plate current value. This is equivalent to
an alternating current superimposed on the
steady plate current. At this operating point
it is evident that the plate current wave shapes
are identical reproductions of the grid voltage
wave shapes and will remain so as long as the
grid voltage amplitude does not reach values
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sufficient t.o run into t.he lower- or upper-bend
regions of the curve. If this occurs the output
waves will be flattened or di8tor/ed. If the
operating point is set towards the bottom or
the top of the curve there will also be distortion of the output wave shapes because part or
all of the lower or upper half-cycles will be cut
off.
Whenever the bias is adjusted 80 that the
tube works over a non-linear portion of its
characteristic curve, distortion will take place
and the output wave-form will not duplicate
the wave-form of the voltage introduced at thc
grid. This characteristic of non-linearity of an
amplifier is useful in many applications (to be
described later) and is an undesirable feature
at other times. The distortion will take the
form of harmonics added to the original wave,
as explained previously. If the exciting signal
is a single sine wave, the output wave, when
distortion is present, will consist of the fundamental plus second and higher harmonics.
Parallel and Push-Pull Connections
When it is necessary to obtain more power
output than one tube is capable of giving,
without going to a larger tube structure, two
or more tubes may be connected in parallel, in
which case the similar elements in all tubes are
connected together. The power output will
then be in proportion to the number of tubcs
used; the exciting voltage required, however,
is the same as for one tube.
An increase in power output also can be
secured by eonnecting two tubes in pu.sh-pu.ll,
the grids and plates of the two tubes being
connected to opposite ends of the circuit, respectively. Parallel and push-pull operation
are illustrated in Fig. 325. A "balaneed" cireuit, in which the cathode returns are made to
the midpoint of the input and output devices,
is necessary with push-pull operation. An alternating current flowing through the primary
of the input transformer in the push-pull diagram will cause an alternating voltage to be

PARALLEL

PUSH

PULL

Fig. 325 - Parallel and push-pull amplifier connectioD8~
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induced in the secondary winding; since the
ends of the winding will be at opposite potentials with respect to the cathode connection,
the grid of one tube is swung positive at the
same instant that the grid of the other is swung
negative. Hence, in any push-pull-connected
stage, the voltages and currents of one tube
are "out of phase" with those of the other
tube. The plate current of one tube therefore is rising while the plate current of the
other is falling, hence the name" push-pull."
In push-pull operation the even-harmonic
(second, fourth, etc.) distortion is cancelled in
the symmetrical plate circuit, so that for the
"ame output the distortion will be less than
with parallel operation. It follows that for a
given degree of distortion the push-pull amplifier is capable of delivering somewhat more
power than a parallel amplifier.

tube in the last stage usually is designed to
deliver a considerable amount of audio power,
while requiring but negligible power from the
input or exciting signal. The power amplification - ratio of output power to power supplied
the grid circuit
is consequently very high.
Such tubes generally require a large grid voltage swing for full power output, however, so
that the !loltage amplification
ratio of output
voltage to signal voltage
is quite low. To
get the voltage swing required for the grid of
such a tube voltage amplifiers are used, employing tubes of high p. which will greatly
increase the voltage amplitude of the signal.
Although such tubes are capable of relatively
high voltage output, the power obtainable
from them is small. Voltage amplifiers are used
in the radio-frequency stages of receivers as
well as in audio amplifiers.

R.F. and A.F. Volta/je and Power Amplifiers

Bias

The major uses of vacuum tube amplifiers
in radio work are to amplify at audio frequencies (approximately 30 to 15,000 cycles per
second) and to amplify at radio frequencies
(up to 60,000 kc. or higher). The audio-frequency amplifier is generally used to amplify
without discrimination at all frequencies in a
wide range (say from 100 to 3000 cycles for
voice communication), and is therefore associated with non-resonant or untuned circuits
which offer a uniform load over the desired
range. The radio-frequency amplifier, on the
other hand, is generally used to amplify
selectively at a single radio frequency, or over a
small band of frequencies at most, and is therefore associated with resonant circuits tunable
to the desired frequency.
An audio-frequency amplifier may be considered a broad-band amplifier; most radiofrequency amplifiers are relatively narrowband affairs.
Amplifiers may be divided broadly into two
general types, those whose chief purpose is to
give a greatly magnified reproduction of the
input signal voltage across the plate load but
not necessarily much power, and those intended to deliver a relatively large amount of
power to a load (a loud-speaker, in the case of
an audio amplifier, or an antenna, in the case
of a radio-frequency amplifier). The former is
a !loltage amplifif!r, while the latter is a powf!r
amplifier.
In audio circuits, the power tube or output

A fixed voltage is applied to the grid of a
tube, to determine the point on the tube
characteristic at which the tube will operate.
This fixed voltage is called the grid bias, and it
can be obtained in several different ways. The
simplest is to use a battery or power supply of
the proper voltage connected in the grid circuit of the tube, as shown in Fig. 326-A.
Another method is to connect a resistor in
the cathode circuit of the tube as in Fig. 326-B.
The voltage drop caused by the flow cf plate
current through the resistor is used as the
source of bias potential. This is called cathode
bias. In multi-element tubes, the current
through this resistor will be the summation of
the plate and screen (and suppressor) currents.
The condenser across the resistor acts as a lowimpedance path for the plate current and
must have a value that offers a low-impedance
path to the frequency of the plate current. If
the condenser is omitted or has too small a
value, the changes in plate current will change
the bias at the same time, and these changes
work against the changes in plate current
caused by the signal voltage on the d, reducing the amplification of the tube.
is effect is
called degeneration.
Still another type of bias, used when the
grid is driven positive by the signal voltage,
is shown in Fig. 326-C. This is called grid-leak
bias. The grid acts as the plate of a diode and,
every time it is driven positive with respect to
the cathode, it draws current as any diode does.

s,~

Fig. 326 - Three methods of obtaining
grid bias. Battery bia8 i. shown at A, cathode
bias at B. and grid-leak billlll at C.
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This current, flowing through the grid-leak and public-address systems, and as modulators

resistor R, causes a potential drop across the
resistor that supplies the bias voltage. The
condenser furnishes a low-impedance path for
the signal, similar to its function in the case of
cathode bias. This bias system can only be
used when the grid is driven positive, and requires that the amplifier or source furnishing
the signal (excitation) at the grid supply power
to the circuit. The grid-leak bias system is
used in some forms of detectors (explained
later) and in oscillators and transmitter stages.
The proper value of cathode resistor can be
easily calculated from Ohm's Law.
EX 1000
I
where R. cathode bias resistor in ohms
E = desired bias voltage
I = total d.c. cathode current in milliamperes
E and I can be found from the tube tables.
Screen- and suppressor-grid currents should be
included with the plate current in multielement tubes to obtain the total cathode
current, and also the control-grid current if the
control grid is driven positive during operation.
For cathode bias, R.
=0

F or gn'd-IeO. k b'las, R.1 = E XI 1000

in radiotelephone transmitters. Class-A voltage
amplifiers are found in the stages preceding the
power stage in such applications, and as radiofrequency amplifiers in receivers.
Class-B Amplifiers

The Class-B amplifier is primarily one in
which the output current, or alternating component of the plate current, is proportional to
the amplitude of the exciting grid voltage.
Since power is proportional to the square of the
current, the power output of a Class-B amplifier is proportional to the square of the exciting
grid voltage.
The distinguishing operating condition in
Clasll-B service is that the grid bias is set so
that the plate current is relatively low without
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where R.t = grid-leak resistance in ohms
E = desired bias voltage
I = d.c. grid current, in milliamperes
~When two tubes are operated in push-pull
or parallel and use a common cathode- or gridleak resistor, the value of resistance becomes
one-half what it would be for one tube.
Fundamental Amplifier Classifications
Class A

An amplifier operated as shown in Fig. 324
in which the output wave shape is a faithful
reproduction of the input wave shape, is known
as a Clas8-A amplifier.
Certain operating conditions distinguish the
Class-A amplifier. As generally used, the grid
never is driven positive with respect to the
cathode by the exciting signal, and never is
driven so far negative that plate-current cutoff is reached. The plate current is constant
both with and without an exciting signal. The
chief characteristics of the Class-A amplifier are low distortion, low power output for a
given size of tube, and a high power-amplification ratio. The plate efficiency
ratio of a.c.
output power to steady d.c. input power is relatively low, being in the vicinity of 20 to
35 percent at full output, depending upon the
design of the tube and the operating conditions.
Class-A amplifiers of the power type find
application as output amplifiers in a.udio systems, operating loud speakers in radio receivers
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Fig. 327 - Operation of the Class-B amplifier.

excitation; the exciting signal amplitude is
such that the entire linear portion of the tube's
characteristic is used. Fig. 327 illustrates ClassB operation with the tube biased practically to
cut-off. In this operating condition plate current flows only during the positive half-cycle of
excitation voltage. No plate current flows during the negative swing of the excitation voltage.
The shape of the plate current pulse is essentially the same as that of the positive
swing of the signal voltage. Since the plate
current is driven up toward the saturation
point, it is usually necessary for the grid to
be driven positive with respect to the cathode
during part of the grid swing. Grid current
flows, therefore, and the driving source must
furnish power to supply the grid losses.
Class-B amplifiers are characterized by
medium power output, medium plate efficiency (50% to 60% at maximum signal) and
a moderate ratio of power amplification. They
are used for both audio and radio-frequency
amplification. As radio frequency amplifiers
they are used as linear amplifiers to raise the
output power level in radiotelephone transmitters after modulation has taken place.
For audio-frequency amplification, two
tubes must be used to permit Class-B operation. A second tube, working alternately with
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Fig. 328 - The Class-B audio amplifier, showing how
the outputs of the two tubes are combined to give
distortionle"" amplification.

the first, must be included so that both halves
of the cycle will be present in the output. A
typical method of arranging the tubes and
circuit to this end is shown in Fig. 328. The
circuit resembles that of the push-pull Class-A
amplifier; the difference lies in the method of
operation. The signal is fed to a transformer T 1,
whose secondary is divided into two equal
parts, with the tube grids connected to the
outer terminals and the grid bias fed in at the
center. A transformer T2 with a similarlydivided primary is connected to the plates of
the tubes. When the signal swing in the upper
half of Tl is positive, Tube No.1 draws plate
current while Tube No.2 is idle; when the
lower half of Tl becomes positive, Tube No.2
draws pl.'1te current while Tube No.1 is idle.
The corresponding voltages induced in the
halves of the primary of T2 combine in the
secondary to produce an amplified reproduction of the signal wave-shape with negligible
distortion. The Class-B amplifier is capable
of delivering much more power for a given tube
size than a Class-A amplifier.
Class-C Amplifiers

The third type of amplifier is that designated as Class C. Fundamentally, the Class-C
amplifier is one operated so that the alternating component of the plate current is directly
proportional to the plate voltage. The output
power is therefore proportional to the square
of the plate voltage. Other characteristics inherent to Class-C operation are high plate
efficiency, high power output, and a relatively
low power-amplification ratio.
The grid bias for a Class-C amplifier is
ordinarily set at apprOXimately twice the value
required for plate current cut-off without grid
excitation. As a result, plate current flows during only a fraction of the positive excitation
cycle. The exciting signal should be of sufficient amplitude to drive the plate current to

the saturation point, as shown in Fig. 329.
Since the grid must be driven far into the positive region to cause saturation, considerable
numbers of electrons are attracted to the grid
at the peak of the cycle, robbing the plate of
some that it would normally attract. This
causes the droop at the upper bend of the characteristic, and also causes the plate current
pulse to be indented at the top, as shown. Although the output wave-form is badly distorted, at radio frequencies the distortion is
largely eliminated by the filtering or flywheel
effect of the tuned output circuit.
Class-C amplifiers are used principally as
radio-frequency power amplifiers, and have
very little audio-frequency application. Although requiring considerable driving power
because of the relatively large grid swing and
grid-current flow, the high plate efficiency of
the Class-C amplifier makes it an effective
generator of radio-frequency power.
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Other Amplifier Classifications

Since the three fundamental amplifier classifications represent three distinct steps in the
operation of vacuum tubes, there are intermediate steps which partake of the nature of
two of the classifications although not adhering
strictly to either. Such" midway" methods of
operation can be classified as " AB" and" BC."
Only the" AB" type of operation is in general
use. The Class-AB amplifier is a push-pull
amplifier in which each tube operates during
more than half but less than all the excitingvoltage cycle. Its bias is set so that the tubes
draw more plate current than in Class-B
operation, but less than they would for Class-A.
The plate current of the amplifier varies with
the signal voltage, but not as much as in
Class-B.
The efficiency and output of the Class-i\B
amplifier lie between those obtainable with
pure Class-A or Class-B operation. ClasB-AB
amplifiera tend to operate Class-A with low
signal voltages and Class-B with high signal
voltages, thus overcoming the chief objection to Class-B operation - the distortion
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present with low-input-signa.l voltages. The

in effect detached from the carrier wave and

Class-AB amplifier is widely used where It is
necessary to obtain a power output of considerable magnitude with a minimum of distortion.

made audible. Taking the case of a modulated
wave, such as in radiotelephone transmission,
we find there are three ways of operating tubes
to perform the function of demodulation. All
are essentially the process of rectification, in
which the radio-frequency input is converted
into direct current which in turn varies in accordance with the audio-frequency modulation
envelope. The first type of detector is the diode,
or simple rectifier, the operation of which already has been explained. Multi-element tubes
can be operated either as "grid" or "plate"
detectors, depending upon whether the rectification takes place in the grid or plate circuits.

• GENERATING RADIO FREQUENCY
POWER

Because of its ability to amplify, the vacuum tube can oscillate, or generate alternating
current power. To make it do this, it is only
necessary to couple the plate (output) circuit
to the grid (input) circuit so that the alternating voltage supplied to the grid of the tube is
opposite in phase to the voltage on the plate.
Typical circuits for this condition are shown
in Fig. 330. In A the feed-back coupling between the plate and grid circuits is inductive
(by means of coils), while in B the coupling is
capacitive (through a condenser). In the circuit of A the frequency of oscillation will be
very nearly the resonant frequency of the

FiIJ.

330 -

c
Two general types of oscillator circuits.

tuned circuit LICl, while in B the frequency of
oscillation will be determined jointly by LICI
and L 2C2• At high radio frequencies the inherent plate-grid capacitance of the usual
triode tube is sufficient for feed-back in the
tuned-grid tuned-plate type circuit of B, so
the feed-back condenser shown connected between grid and plate is not necessary.
There are many other arrangements of oscillator circuits but all utilize either inductive
or capacitive feed-back. They will be treated in
following chapters.
•

DETECTION

Since the frequencies used in radio transmission are merely carriers bearing modulation, it is necessary to provide a means for
making the signals intelligible. The process for
doing this is called detection or demodulation
the latter because the modulation envelope is
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Plate Detectors

The circuit arrangement of a typical plate
detector is shown at A of Fig. 331. Its operating
characteristics are illustrated at A of Fig. 332.
The circuit LIC1 is tuned to resonance with the
radio frequency and the voltage developed
across it is applied between the grid and
cathode in series with the grid-bias battery. A
headset or the primary of a transformer is
connected in the plate circuit, a small fixed condenser C being connected across the plate load
to by-pass radio frequency. As shown at A in
Fig. 332, the negative grid bias voltage is such
that the operating point is in the lower-bend
region of the curve, near cut-off. With a modulated signal as shown there will be a variation
in plate current conforming to the average
value of the positive half-cycles of radio frequency. This variation corresponds to the envelope, representing an audio-frequency current super-imposed on the steady plate current
of the tube, and constitutes the useful audio
output of the detector. When this pulsating
current flows through the 'phones their diaphragms vibrate in accordance with it to give
a reproduction of the modulation put on the
signal at the transmitter.
Grid Detectors

The circuit arrangement of a triode used as a
grid detector (also called grid leak detector) is
shown in B of Fig. 331. An input circuit tuned
to the frequency of the radio wave is connected
so that the d. voltage developed across it is
applied between the grid and cathode. However, there is no fixed negative grid bias, as in
the case of the plate detector. Instead a small
fixed capacity (grid condenser) and resistor of
high value (grid leak) are connected between
tuned circuit and grid. The plate circuit is
the same as for the plate detector.
The action of the grid detector is illustrated
by the grid voltage-grid current curve of
Fig. 332-B. A modulated radio-frequency voltage applied to the grid swings it alternately
positive and negative about the operating
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point. The grid attracts electrons from the
cathode, the consequent grid current increasing
more during the positive half cycles than it decreases during the negative half cycles of grid
swing. Hence there is a rectified grid current
flow at modulation frequency whose average
value develops a voltage across the grid leak.
This audio-frequency variation in voltage
across the grid leak causes corresponding variations in plate current reproduced in the
'phones.
Rellenerative Detectors

With both the grid and plate detectors just
described it will be noted that a condenser is
connected across the plate load circuit to bypass radio-frequency components in the output. This radio-frequency can be fed back into
the grid circuit, as shown in C of Fig. 331, and
re-amplified a number of times. This regeneration of the signal gives a tremendous increase in
detector sensitivity. If the regeneration is
sufficiently great the circuit "ill break into
oscillation, which would be expected since the
circuit arrangement is almost identical with
that of the oscillator shown in Fig. 330-A.
Therefore a control is necessary so that the
detector can be operated either regenerating
to give large amplification without oscillation,
or to oscillate and regenerate simultaneously.
Oscillatinll Detectors

When a regenerative detector is made to
oscillate by increasing the regeneration too
far, the detector becomes useful in the reception of code or C.w. signals. Since a c.w. (continuous wave) signal is nothing more than a
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Detector circuits of three tYPe8. A, plate
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carrier being rapidly switched on and off, there
is no change in amplitude except at the instants of turning it on and off. Hence no
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detectors.

Operating cbaracteristics of plate and grid

sound will be heard in the output of a normal
detector fed by c. w. signals except at the
beginning and end of each character. However, if a local oscillator is tuned 1000 cycles
or so from the frequency of the signal, an
audible beat note will be heard every time the
signal comes through. The oscillating detector
acts as both oscillator and detector, and the
fact that the detector must be tuned 1000
cycles or so off-resonance from the signal does
not materially reduce the signltl voltage fed to
the grid. For many years the standard method
of c.w. reception was by means of an oscillating detector, but it has been superseded by
the superheterodyne method of reception
(treated later) .
• SUPERREGENERATION
The limit to which regenerative amplification can be carried is the point at which the
tube starts to oscillate, because when oscillations commence, further regenerative amplification ceases. To overcome this limitation and
give still greater amplification, the 8uperre(Jenerativ6 circuit has been devised. Essentially,
the superregenerative detector is similar to the
ordinary regenerative type but with a comparatively low-frequency super-audible (above
audibility) signal introduced in such a way as
to vnry the deteetor's operating point. As a
eonsequence of the introduction of this qUlmch
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or I.nterruption/reqtslmCY the detector can oscillate at the signal rrequency only when the
moving operating point is in a region suitable
for the production of oscillations. Because
the oscillations are constantly being interrupted, the signal can build up to relatively
tremendous proportions, and the superregen-

Fig. 333 -

An elementary superregenerative circuit.

erative detector therefore is extremely sensitive. See Fig. 333. The circuit finds its chief
field in the reception of ultra-high-frequency
signals, for which purpose it has proved
eminently successful.
• MULTI-ELEMENT TUBES
More than three elements may be used to
make a tube particularly suitable for certain
specialized applications; likewise two or more
sets of elements may be combined in one bulb
so that a single tube may be used to perform
two or three separate functions.
Tubes having four elements are called
letrodes, while if a fifth element is added the
tube is known as a pentode. Many element
combinations and structures become possible
as the number of electrodes is increased, but
only a few have practical applications.
Tetrodas -

Beam Tubes

In the section on tube oscillators it was explained that oscillations could be sustained
through transfer of energy from the plate to
the grid through the electrostatic capacity
existing between plate and grid, the circuit of
Fig. 330-B being used as an illustration. This
circuit without the feed-back condenser is the
one which would also be used if the tube is
intended to amplify, but not oscillate, at radio
frequencies; that is, the input and output
circuits must be tuned to the same frequency.
However, the grid-plate capacity of the triode
returns so much energy to the grid circuit from
the plate that it is impossible to prevent the
tube from oscillating.
If a second grid, in the form of an electrostatic shield between the control grid and
plate, is added, the grid-plate capacity can be
reduced to a value which will not permit oscillations to occur. The screen grid, as it is called,
increases the amplification factor and plate
resistance of the tube to values much higher
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than are a.tta.ina.ble in triodes of pr!l.ctics.ble
construction, although the mutual conductance
is about the same as that of an equivalent
triode. The screen grid is ordinarily operated
at a positive potential about one-third that
placed on the plate, and is by-passed back to
the cathode so that it has essentially the same
a.c. potential as the cathode.
Large screen-grid tubes of the power type
are used as amplifiers in transmitting installations. The screen-grid tube can be used as
both plate and grid detector, generally showing
greater sensitivity than the triode types.
Another type of tetrode, in which the electrostatic shielding provided by the second grid
is purely incidental, is built for audio power
output work. The second grid (usually called
the "screen" although not actually a screen
grid) accelerates the flow of electrons from
cathode to plate, and the structure gives a
higher power se1lsitivity - ratio of power output to grid-voltage swing causing it - than is
possible with triodes... Beam" power tubes are
tetrodes with special element structure so that
the electrons are concentrated in desired paths
to the plate. The beam principle results in
relatively high plate efficiency and power
sensitivity, with the effects of secondary emission overcome. Beam tubes are used both in
audio amplifiers and radio-frequency transmitting circuits.
Pentodes

The addition of the screen grid in the ordinary tetrode causes an undesirable effect which
limits the usefulness of the tube. Electrons
striking the plate at high speeds dislodge other
electrons which "splash" from the plate, causing secondary emission. In the triode, ordinarily operated with the grid negative with respect
to cathode, these secondary electrons are repelled back into the plate and cause no disturbance. In the screen-grid tube, however, the
positively charged screen grid attracts the
secondary electrons, causing a reverse current
to flow between screen and plate. The effect is
particularly marked when the plate and screen
potentials are nearly equal, whieh may be the
case during part of the a.c. cycle when the
instantaneous plate current is large.
To overcome the effects of secondary emission a third grid, called the suppressor grid, is
inserted between the screen and plate. This
grid, being connected directly to the cathode,
repels the relatively low-velocity secondary
electrons back to the plate without obstructing
to any appreciable extent the regular platecurrent flow. Larger undistorted outputs therefore can be secured from the pentode.
Pentode-type screen-grid tubes are used as
radio-frequency voltage amplifiers, and in addition can be used as audio-frequency voltage
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amplifiers to give high voltage gain per stage.
Pentode tubes also are suitable as audiofrequency power amplifiers, having greater
plate efficiency than triodes and requiring less
grid swing for maximum output.
Multi-Purpose Types
A great many types of tubes have been developed to do special work in receiving circuits.
Among the simplest of these are full-wave
rectifiers, combining two separate diodes of
the power type in one bulb, and twin-triodes,
consisting of two triodes in one bulb for Class-B
audio amplification. To add the functions of
diode detection and automatic volume control
described in Chapter Four on receivers to that of amplification, a number of types are
made in which two small diode plates are
placed near the cathode, but not in the amplifier-portion structure. These types are known
as duplex-diode triodes or duplex-diode pentodes, depending upon the type of amplifier.
The pentagrid converter is a special tube
serving as both oscillator and mixer, used in
superheterodyne receivers. There are five grids
between cathode and plate in this tube; the
·two inner grids serve as control grid and plate
of a small oscillator triode, while the fourth
grid is the detector control grid. The third and
fifth grids are connected together to form a
screen-grid which shields the detector control
grid electrostatically from the other elements.
The pentagrid converter eliminates the need
for special coupling between oscillator and
detector circuits.
Another type consists of a triode and pentode in one bulb, for use where the oscillator
and first detector are preferably separately
coupled; while still another type (the 6L7) is a
pentode with a separate grid for connection to
an external oscillator circuit. This "injection"
grid provides a means for introducing the
oscillator voltage into the detector circuit by
electronic means.
Receiving screen-grid tetrodes and pentodes
for radio-frequency voltage amplification are
made in two types, known as "sharp cut-off"
and "variable-/"" or "super-control" types.
In tbe sharp cut-off type the amplification

factor is practically constant regardless of grid
bias, while in the variable-/" type the amplification factor decreases as the negative bias is
increased. The purpose of this desigll is to
permit the tube to handle large signal voltages
without distortion in circuits in which gridbias control is used to vary the amplification,
and to reduce interference from stations on
adjacent frequencies by preventing crossmodulation. Cross-modulation is modulation
of the desired signal by an undesired one, and
is practically the same thing as detection.
The variable-/" type of tube is a poor detactor
in circuits used for d. amplification, hence
cross-modulation is reduced by its use.
Types of Cathodes
Cathodes are of two types, directly and indirectly heated. Directly-heated cathodes or
filaments used in receiving tubes are of the
oxide-coated type, consisting of a wire or ribbon of tungsten coated with certain rare metals
and earths which form an oxide capable of
emitting large numbers of electrons with comparatively little cathode-heating power. Directly-heated cathodes are used in older audio
power-output tubes, power rectifiers, tubes
intended for operation from dry-cell batteries
where economy of filament current is important, and in all but the smallest transmitting
tubes.
When directly-heated cathodes are operated
on alternating current, the cyclic variation of
current causes electrostatic and magnetic effects which vary the plate current of the tube
at supply-frequency rate and thus produce
bum in the output. Hum from this source is
eliminated by the indirectly-heated cathode,
consisting of a thin metal sleeve or thimble,
coated with electron-emitting material, enclosing a tungsten wire which acts as a heater.
The heater brings the cathode thimble to the
proper temperature to cause electron emi8sion.
This type of cathode is also known as the equipotential cathode, since all parts are at the
same potential. The cathode ordinarily is not
connected to the heater inside the tube, the
terminals being brought out to separate base
pins.
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Reception of Radio Signals
Receiver Characteristics - Detectors Amplifiers
Superheterodyne - Single-Signal Reception

IN

THIS chapter we shall discuss receivers designed for use on frequencies lying between
1750 and 30,000 kc. The general principles to
be outlined are equally valid for the ultrahigh-frequency region (above 30,000 kc.), but
there are practical reasons why such receivers
should be given separate treatment later in
this volume.
The preceding chapter has explained the
necessity for amplification and rectification
(" detection") of the radio signals fed to the
input terminals of the receiver by the antenna.
A receiver has four important general characteristics: sensitivity, selectivity, stability, fidelity. To a considerable extent, the four are
interlocking; that is, a change in one will affect
the other three.

Sensitivity
Sensitivity is defined as the strength of the
signal (usually expressed in microvolts) which
must be applied to the input terminals of the
receiver to produce a specified audio-frequency
10
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power output at the loud-speaker or headset.
This is a measure of the amplification 01' gain,
but does not give a true representation of the
ability of the receiver to make very weak
signals intelligible. This property is dependent
not only upon the amplification but also upon
the presence of noise which, being amplified
with the signal, may mask the latter.
Since noise, unlike the signal, does not have a
definite frequency but is spread over a wide
band of frequencies, the noise output will depend upon the width of the band of frequencies
to which the receiver will respond. The noise
output is consequently a function of the
selectivity of the receiver.
Selectivity
Selectivity is the ability of a receiver to discriminate against signals of frequencies differing from that of the desired signal. The overall
selectivity will depend upon the selectivity of
the individual tuned circuits and the number
of such circuits. It is also dependent upon the
frequency characteristic of the audio amplifier
in the receiver; the smaller the band of audio
frequencies reproduced, the greater the contribution of the audio amplifier to selectivity.
The selectivity of a receiver is shown graphically by drawing a curve which 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 (taken on a typical communications-type superheterodyne receiver) is shown in Fig. 401. The hand-width
is the width of the resonance curve (in cycles
or kilocycles) at a specified ratio; in Fig. 401,
the band-widths are shown for ratios of 2 and
10.
Besides its importance in separating signals
and its effect on noise (preceding section)
selectivity also has an important effect on
fidelity, and imposes requirements on stability.
Stability
Stability of a receiver is its ability to give
constant output, over a period of time, from a
signal of constant strength and frequency.
Primarily, it means the ability to stay tuned to
a given signal, although a receiver which at
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some settings of its controls has a tendency to
break into oscillation, or "howl," is said to be
unstable.
The stability of a receiver is affected principally by temperature variations, voltage
changes, and constructional features of a
mechanical nature.
Fidelity
Fidelity is the relative ability of the receiver
to reproduce in its output the modulation
(keying, 'phone, etc.) carried by the incoming
signaL For exact reproduction, the band-width
must be great enough to accommodate the
highest modulation frequency, and the relative
amplitudes of the various frequency components within the band must not be changed.
In amateur work, a high order of fidelity is not
required, even for 'phone reception; the im~
portant thing is to obtain adequate intelligibility. Considerably greater selectivity may be
used on this basis, with a resulting decrease
in interference. For keyed signals, the selectivity may be made extremely high without
destroying the intelligibility•

of the r.f. signal with modulation causes corresponding variations in the value of the d.c.
voltage across RI • The load resistor, Rh
usually has a rather high value so that a fairly
large voltage will develop from a small rectified-current flow.
In the circuit at 402-B, Rl and C2 have been
divided for the purpose of filtering d. from the
output circuit; any r.f. voltage in the output
may cause overloading of a succeeding amplifier tube. These audio-frequency variations
can be transferred to another circuit through
a coupling condenser, C4 in Fig. 402, to a
load resistor Ra, which usually is a "potcntiometer" so that the volume can be adjusted
to a desired level.
The full-wave diode circuit at 402-C is practically identical in operation to the half-wave
circuit, except that both halves of the d. cycle
are utilized. The full-wave circuit has the advantage that very little d. voltage appears
across the load resistor, R I , because the midpoint of L2 is at the same potential aR the cathode or "grounu" fnr r.f.

• DETECTORS

The simplest possible receiver would consist
of a rectifier or detector associated with a tuned
circuit for selecting a desired signal, along
with a headset for making the rectified signals
audible. The important characteristics of a
detector are its.scnsitivity, fidelity or linearity,
resistance, and signal-handling capability.
Detector sensitivity is the ratio of audiofrequency output to radio-frequency input.
Linearity is a measure of the ability of the
detector to reproduce, as an audio frequency,
the exact form of the modulation on the incoming signal. The resistance of the detector
is important in circuit design, since a relatively low resistance means that power is
consumed in the detector. The signal-handling
capability means the ability of the detector
to accept signals of a specified amplitude
without overloading.
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The Diode

The simplest detector is the diode rectifier,
the operation of which has been explained in
Chapter 3. Circuits for both half-wave and
full-wave diodes are given in Fig. 402. The
simplified half-wave circuit at 402-A includes
the d. tuned circuit LZCI, with a coupling
coil Ll from which the d. energy is fed to
L2C 1 ; the diode, D, and the load resistance
Rl and by-pass condenser C2 • The flow of
rectified r.f. current through Rl causes a d.c.
voltage to develop across its terminals, and
this voltage varies with the modulation on
the signal. The - and
signs show the po-

+

larity of the voltage. Variation in amplitude

(C)

Fig. 402 Simplified and practical diode deteotor
cironits, A, the elementary hali-wave diode detector;
B, a practical circuit, with r.f. filtering and audio output
coupling; C, full.wave diode detector, with output
coupling indicated. The circuit 14Cl is tuned to the sig.
nal frequency; typical values for C2 and Rl in A and C
are 250 ""fd. and 250,000 ohms. respectively; in B,
C2 and C. are 100 I'pfd. each; RI, 50,000 ohms; and R2,
250,000 ohms. C. is 0.1 ..fd. and Ra, 0.5 to 1 megohm in

all three diagrams.
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variations in voltage across Rl are amplified
through the tube just as in a normal a.f. amplifier. In the plate circuit, R2 is the plate load
resistance and Cs a by-pass condenser to
eliminate d. in the output circuit. C4 is the
output coupling condenser. With a triode, the
load resistor R2 may be replaced by an audio
transformer, T, as shown, in which case C4 is
+6
not used.
(A) -6
Since audio amplification is added to rectification, the grid-leak detector has considerably greater sensitivity than the plain diode.
'.
,411
i-"--Output The sensitivity can be further increased by
using a screen-grid tube instead of a triode, as
at 403-B. The operation is equivalent to that
of the triode circuit. C s, the screen by-pass
condenser, should have low reactance for both
radio and audio frequencies. Ra and R4 constitute a voltage divider from the plate supply
R4
R3
(B) -6
to furnish the proper d.c. voltage to the screen.
+EI
In both circuits, C2 must have low r.f. reactance
Fig. 403
Grid.leak detector circuits. A, triode; B,
and high a.f. reactance compared to the repentode. A tetrode may be used in the circuit of B hy
neglecting the suppressor.grid connection. Transformer . sistance of Rl; the same consideration applies
coupling
stituted for resistance coupling in
to Ca with respect to R2.
A, or a
nee choke may replace the plate
The sensitivity of the grid-leak detector is
resistor in
cireuit tnned to the signal fre·
quency. The grid leak, RI, may he connected directly
higher than that of any other type, and it is
from grid to cathode instead of across the grid condenser
therefore the preferred detector for weak sigas shown. The operation with either connection will he

~~iIIL

the same. Representative values are:
Component
Circuit A
Circuit B
100 to 250 I'I'fd.
C2
100 to 250 ""fd.
Ca
0.001 to 0.002 "fd. 250 to 500 I'pfd.
C.
0.1 "fd.
0.1 "fd.
0.5 pfd. or larger
C6
1 to 2 mego~
1 to 5 megohms
Rl
50,000 ohms
100,000 to 250,000 oh_
R.
50,000 oh_
Ra
Jq
20,000 ohms
lnterstage audio
T
transformer
L
liDO-henry choke

The reactance of C2 must be small compared
to the resistance of RI at the radio frequency
being rectified, but at audio frequencies must
be relatively large compared to RI. This condition is satisfied by the values shown. If the
capacity of C2 is too large, the response at the
higher audio frequencies will be low.
Compared with other detectors, the sensitivity of the diode is low. Since the diode consumes power, the Q of the tuned circuit is reduced, bringing about a reduction in selectivity. The linearity is good, however, and the
signal-handling capability is high.
The Grid-Leak Detector
The grid-leak detector is a combination
diode rectifier and audio-frequency amplifier.
In the circuit of Fig. 403-A, the grid corresponds to the diode plate, and the rectifying
action is exactly the same. The d.c. voltage
from rectified current flow through the grid
leak, Rl biases the grid negatively with respect to cathode, and the audio-frequency
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(B)
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Fig. 404 - Circuits for plate detection. A, triode; B,
pentode. L1Cl is tuned to the signal frequency. Typical
values for other constants are:
Component
Circuit A
Circuit B
C.
0.5 "Cd. or larger
0.5 "fd. or larger
Ca
0.001 to 0.002 !lfd. 250 to 500 !l"fd.
0.1 pfd.
C.
0.1 "Cd.
Ca
0.5 !lfd. or larger
10,000 to 20,000
Rl
10,000 to 20,000 oh_
ohIIlll
R.
00,000 to 100,000
100,000 to 250,000 oh_
ohms
00,000 ohms
20,000 ohms
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nals. Like the diode, it "loads" the tuned circuit and reduces its selectivity. The linearity
iG rather poor, and the signal-handling capability is limited.
The Plate Detector

The plate detector is a triode or screen-grid
tube arranged so that rectification of the d.
signal takes place in the plate circuit, as contrasted to the grid rectification just described.
Sufficient negative bias is applied to the grid to
bring the plate current nearly to the cut-off
point, so that the 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 a diode detector.
Circuits for triodes and pentodes are given in
Fig. 404. Ca is the plate by-pass condenser, RI is
the cathode resistor which provides the operating grid bias, and Cz is a by-pass, for both radio
and audio frequencies, across R I • Rz is the plate
load resistance across which a voltage appears
as a result of the rectifying action described
above. It corresponds to the diode load resistance in Fig. 402. C4 is the output coupling
condenser. In the pentode circuit at B, Ra and
R4 form a voltage divider to supply the proper
potential (about 30 volts) to the screen, and
C6 is a by-pass condenser between the screen
and cathode. C6 must have low reactance for
both radio and audio frequencies.
The plate detector is more sensitive than
the diode, since there is some amplifying action
in the tube, but less so than the grid-leak detector. It will handle considerably larger signals than the grid-leak detector, but is not
quite as 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
hence does not affect its Q and selectivity.
Detection of Code (C.W.) Signals
In the detector circuits just described, audiofrequency output is secured only when the
amplitude of the incoming signal is varied, or
modulated, at an audio-frequency rate. In
telegraph transmission, the characters of the
telegraphic code are formed by turning on and
off a signal, or carrier, of constant amplitude,
and since at ordinary hand-sending speed this
operation is not rapid enough to produce an
audible tone, no sound is produced in a headset or loud-speaker. These detectors, therefore, are not suitable alone for the aural reception of c.w. telegraph signals.
The dots and dashes can be made audible by
introducing into the detector a second radio
frequency, differing by an audio frequency
from the signal freouency, to beat with or
heterodyne the incoming signal. The beat-note

is adjustable to any desired pitch by changing
the "local" frequency with respect to the signal frequency. The "local" signal may be
generated by an oscillator, the output of which
is loosely coupled to the detector (beat oscillator), or by making the detector itself oscillate. The latter arrangement is called a
regenerative autodyne detector.
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Fig. 405 - Triode and pentode (screen.grid) regenerative detector circuits.
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'ReAeneratlve Detectors
The regenerative detector is enormously
more sensitive to weak signals than the nonregenerative detectors previously described.
Regeneration also increases the effective Q of
the circuit and hence increases the selectivity,
by virtue of the fact that the maximum regenerative amplification takes place at only the
frequency to which the circuit is tuned. The
grid-leak type of detector is most suitable for
the purpose. Except for the regenerative connection, the circuit values are identical with
those previously described for this type of
detector, and the same considerations apply.
The sensitivity of the regenerative detector
is greatest when the tube is oscillating very
weakly, in beat-note reception, or when very
near the oscillation point, but not actually oscillating, in reception of 'phone signals. A
regeneration control must be provided so that
the adjustment for greatest sensitivity can be
obtained. Since there is a tendency, when the
incoming signal is strong, for the oscillating
detector to "pull" or "lock" into synchronism with the signal (when this happens, there
is no difference between the two frequencies
and the beat-note therefore disappears) the
regeneration control setting will be different
for signals of differing strengths. Also, the setting is quite critical, and in practical circuits it
is difficult to get a system for regeneration control which does not also change the tuning of
the circuit to some extent. Again, if the detector itself is coupled to an antenna, slight
changes in the antenna constants (as when
the wire swings in a breeze) affect the frequency of the oscillations generated by the detector, and thereby the beat frequency when
c. w. signals are being received. The regeneration control setting also depends upon the
coupling between the antenna and the detector circuit, an effect which varies with
frequency.
Fig. 405 shows the circuits of regenerative
detectors of various types. The circuit of A
is for a triode tube, with an adjustable resistor
in the d.c. plate feed to vary the plate voltage
on the tube and thus to control regeneration.
If both coils are wound end to end in the same
direction, the plate connection is to the outside of the plate or "tickler" coil when the
grid connection is to the outside of the tuned
circuit.
The circuit of B is for a screen-grid tube, regeneration being controlled by adjustment of
the screen-grid voltage. The tickler is in the
plate circuit. As in the circuit of A, the portion
of the control resistor between the rotating
contact and ground is by-passed by a large
condenser (0.5 I'fd. or more) to filter out
scratching noise when the arm is rotated. The
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tickler tlhould be adjusted so that the tube just
goes into oscillation at a screen voltage of approximately 30 volts. The circuit of C is also
for a screen-grid tube, but uses a variable bypass condenser for regeneration control, the
screen-grid voltage being fixed. When the capacity is small the tube does not regenerate,
but as it increases toward maximum its reactance becomes smaller until a critical value is
reached where there is sufficient feed-back to
cause oscillation. This method of control is
quiet and smooth in operation when the size
of the tickler and coupling to the grid coil are
carefully adjusted.
The circuit of D differs from that of B only
in that the feed-back winding is in the cathodeto-ground circuit, being actually part of the
tuned-circuit coil. This places it effectively in
the plate circuit (plate to ground and thence to
the cathode), so that the action is much the
same. However, the tickler is also in the screento-cathode return circuit, and the screen
operates to furnish feed-back as a sort of auxiliary plate. Hence a smaller tickler winding is
required to give proper regeneration and oscillation. The circuit of E is the same as that of
D, except that a separate feed-back winding is
used. This eliminates the necessity of tapping
the cathode into the main coil.
In all methods it is best that the tickler be
mounted or wound at the "ground" end and
not the grid end of the tuning coil. In the interests of smooth control it will be found advisable
to use just as few turns on the tickler as will
allow the tube to oscillate easily aU over the
tuning range.
• TUNED CIRCUITS - BAND CHANGING

The resonant circuits which are tuned to the
frequency of the incoming signal constitute a
special problem in the design of amateur receivers since, as explained in Chapter 2, the
amateur frequency assignments consist of
groups or bands of frequencies at widelyspaced intervals. The same LC combination
cannot be used for, say, 14 Mc. and 3.5 Mc.
It is necessary. therefore, to provide a means
for changing the circuit constants for various
frequency bands. As a matter of convenience,
the same tuning condenser usually is retained,
but new coils are inserted in the circuit for
each band.
There are two favorite methods of changing
inductances; one is to use a switch, having an
appropriate number of contacts, which connects the desired coil and disconnects the
others. The second is to use coils wound on
forms with contacts . (usually pins) which can
be inserted in and removed from a socket.
The switch is convenient in operation but,
with the coil assembly, is bulky and somewhat
difficult to adapt to home construction.

Reception of Radio Signals
Plug-in ('oils are preferred by the great majority of home builders because it is easier to
work with them, and a compact circuit layout
is readily possible.
Band-Spread Tuninli

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 band-spreading. Because of the varying
widths of the bands, special tuning methods
must be devised to give the correct maximumminimum capacity ratio on each. Several of
these are shown in Fig. 406.
In A, a small band-spread eondenser C1
(15 to 25 J"J"fd. maximum capacity) is used in
parallel with a condenser, C2 , which is usually
large enough (140 to 175 J"J"fd.) to cover a wide

(A) [ [ [

Fig. 406 - E.sen.
tial. of hand.spread
tuning systems.

(6)

rrr
I

ee)

rrE

frequency range. The setting of C2 will determine the minimum capacity of the circuit,
and the maximum capacity for band-spread
tuning will be the maximum capacity of C1
plus the setting of C2. The inductance of the
coil can be adjusted for each band so that the
maximum-minimum ratio will give adequate
band-spread. In practicable circuits it is almost impossible to get full band-spread on all
bands with the same pair of condensers especially when, as is oft(m the case, the coils are
wound to give continuous frequency coverage
on C2 , which is variously. called the band-setting or lDain-tuning condenser. Also, O2
must be re-set each time the band is changed.

The method shown at B makes use of condensers in series. The tuning condenser, C1,

may have a maximum capacity of 100 ""fd. or
more. The minimum capacity is determined
principally by the setting of C3, which usually
is small, and the maximum capacity by the
setting of C2, which is of the order of 25 to
50 J"J"fd. This method is capable of close adjustment to practically any desired degree of
band-spread. C2 and C3 must be adjusted for
each band or else separate pre-adjusted condensers must be switched in.
The circuit at C is probably the most popular with home constructors, since it gives
complete spread on each band and requires a
relatively small number of parts. OJ, the bandspread condenser, may have any convenient
value of capacity; 50 J"J"fd. is satisfactory. C2
may be used for continuous frequency coverage (il general coverage") and as a bandsetting condenser. The effective maximumminimum capacity ratio depends upon the
capacity of C2 and the point at which C1 is
tapped on the coil. The nearer the tap to the
bottom of the coil, the greater the bandspread, and vice versa. For a given coil and
tap, the band-spread will be greater if C2 is
set at larger capacity. C2 may be mounted in
the plug-in coil form and pre-set, if desired.
This requires a separate condenser for each
band, but eliminates the necessity for re-setting C2 each time the band is changed.
• AUDIO·FREQUENCY AMPLIFIERS
Audio-frequency amplifiers are used after
the detector to increase the power to a level
suitable for operating a loud-speaker or, in
some cases, a headset. There are seldom more
than two stages of a.f. amplification in a receiver, and often only one.
In all except battery-operated receivers, the
negative grid bias of audio amplifiers is secured from the voltage drop in a cathode resisto!". The cathode resistor must be by-passed
by a condenser having low reactance, at the
lowest audio frequency to be amplified, compared to the resistance of the cathode resistor
(10% or less). In battery-operated sets, a
separate grid-bias battery generally is used.
Headset and Voltalie Amplifiers

The circuits shown in Fig. 407 are typical
of those used for voltage amplification and for
providing sufficient power for operation of
headphones. Triodes usually are preferred to
pentodes because they are better suited to
working into an audio transformer or headset
as a load.
In these circuits, Rz is the cathode bias
resistor and 0 1 the cathode by-pass condenser. Rl, the grid resistor, gives volume
control action; the nearer the variable arm to
the bottom of the resistor the smaller the voltage fed to the grid and hence the smaller the
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Fig. 407 - Audio amplifier
circuits for voltage amplifica.
tion and headphone output.

f:-Output
A.;::
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(c)

.a

-8

(D)

output. Its value ordinarily is from 0.25 to
megohm. C2 is the input coupling condenser.
already discussed under detectors; it is, in
fact, identical to C4 in Figs. 403 and 404 if the
amplifier is coupled to a detector.
Tone Control

A tone control is a device for changing the
frequency response of an audio amplifier;
usually it is simply a method for reducing highfrequency response. This is helpful in reducing
hissing and crackling noises without disturbing the intelligibility of the signal. R, and C,
together in Fig. 407-D form an effective tone
control of this type. The maximum effect is secured when R4 is entirely out of the circuit,
leaving C4 connected between grid and ground.
R, should be large enough so that when it is
all in circuit the effect of C, on the frequency
response is negligible.

with a secondary-to-primary turns ratio of
about 2 to 1. An output transformer, T2, with
a center-tapped primary must be used. No bypass condenser is needed across the cathode resistor, R, since the a.f. current does not- flow
through the resistor as it does in single-tube
circuits.
• CATHODE CIRCUITS
In the discussion up to this point the cathode
circuit details have not been shown completely, since they tend to complicate the diagrams. With indirectly-heated tubes it is customary to omit heater wiring, as in the dia-

A
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R,

Power Amplifiers

The most popular type of power amplifier in
amateur receivers is the single pentode; the
circuit diagram is given in Fig. 408-A. The
grid resistor, Rio may be a potentiometer for
volume control as shown at Rl in Fig. 407. The
output transforIncr T, should have a turns
ratio suitable for the'speaker used; most of the
small speakers now available are furnished
complete with output transformer .
. When greater volume is needed a pair of
pentodes or tetrodes may be connected in
push-pull, as shown in Fig. 408-B. Transformer
coupling to the voltage-amplifier stage is the
simplest method of obtaining push-pull input
for the amplifier grids. The intcrstagc transforD1.cr, Tlo has a center-tapped secondary,
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Audio power output amplifier circuits.

Reception of Radio Signals
grams at A and D in Fig. 409. With a.c. heater
supply, the circuits at Band E are generally
used; the heater wiring is twisted so that the
magnetic fields about the wires cancel as
fully as possible, which prevents a.c. hum
from being induced in the other wiring. One
side of the heater supply may be grounded, instead of the transformer center-tap; both
methods give satisfactory results. A 6-volt
storage battery may be Bubstituted for the
transformer for battery operation.
In C and F are shown circuits for filamenttype tubes which are equivalent to the circuits
for indirectly-heated tubes in the same rows.
Note that in F a bias battery of the correct value
is substituted for the cathode resistor used with
the indirectly-heated tubes, since the cathodedrop method of biasing is not usually feasible
with these tubes. The same" C" battery may
be used for the entire receiver, provided it has
taps at the voltages required for the various
tubes used.
In all the circuits shown in this chapter,
filament-type tubes may replace correspondAS SHOWN

ACTUAL

Fig. 410 indicates, in "block" form, the type
of receiver which for many years was the
standard amateur set. It consists of a regenerative detector followed by an audio amplifier.

Fig. 410 -

The latter may have either one or two stages,
depending upon whether or not loud-speaker
operation is desired. Any of the regenerative·
detector circuits already described may be
combined with a voltage amplifier to form a
two-tube set for headphone operation, and a
power amplifier may be added for operating a
speaker. A simple receiver of this type is quite
effective and is easy and cheap to build but
lacks the selectivity and stability so desirable
in amateur operating. A typical example is
given in Chapter 8.

FIL. TYPE
EQUIVALENT

---rW~

IT

iJ=-A

0) ":

(C)

A simple type of receiver.

'="

• RADIO-FREQUENCY
AMPLIFIERS
Radio-frequency amplification is
used to increase the strength of the
signal and to provide selectivity before
detection. Also, the signal-to-noise
ratio is better than in the case of a detector, which is an important consideration in weak-signal reception.
R.F. Amplifier Circuits

Although there are variations in
detail, practically all r.f. amplifiers
conform to the basic circuit shown
in Fig. 411. A screen-grid tube, usually
a pentode, is invariably used, since
a triode will oscillate when its grid
.4
and plate circuits are tuned to the
_--'_--+-_-4 same frequency. The amplifier operates Class A, without grid current.
The tuned grid circuit, LjC I , is
(D)
coupled through 14 to the antenna
(or, in some cases, to a preceding
115V A.C
stage). R! and C2 are the cathode bias
resistor and cathode by-pass conFig. 409 - Cathode cirenit. u represented in circuit
diagrams, and their equivalents.
denser, C3 the screen by-pass condenser, and
R2 the screen dropping resistor. La is the
ing types having indirectly-heated cathodes primary of the output transforIller, tightly
by substituting Fig. 409-C for A, and 409-F coupled to L, which, with C6, constitutes the
for D.
tuned circuit feeding the detector or a following
amplifier tube. LIC! and L4C5 are both tuned to
• SIMPLE RECEIVERS
the frequency of the incoming signal.
In the circuits already described will be
ShieldinA
found the elements of a complete receiver In
fact, a detector alone will suffice, although an
The screen-grid construction prevents feedJt511,A£

audio amplifier is a desirable addition since it

back from plate to grid inside the tube, but in

increases the strength of the signals.

addition it is necessary to prevent transfer of
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Fig. 411 - The circuit of a tuned radio-fre.
quency amplifier. Circuit values are discussed in
the text.
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energy from the plate circuit to the grid circuit external to the tube. This is accomplished
by enclosing the coils in shielding containers,
and by keeping the plate and grid leads well
·separated. With" single-ended" tubes care in
laying out the wiring to obtain the maximum
possible physical separation between plate
and grid leads is necessary to prevent capacity coupling.
The shield around a coil will reduce the Q of
the coil to an extent which depends upon the
shielding material and its distance from the
coil. The resistance of the shield material
should be low; copper is best, but aluminum is
satisfactory if there is reasonable separation
between the coil and shield. The shield should
be at least a coil diameter away from the coil
at the ends, and at least 72 the coil diameter
from the sides of the coil. The inductance of
the coil is reduced somewhat by the presence
of the shield; the closer the shield the greater
the reduction. Adjustments to the inductance
therefore must be made with the shield in
place.
By-Passinll
In addition to shielding, good by-passing is
imperative. This is not simply a matter of
choosing the proper type and capacity of bypass condenser. Short separate leads from Ca and
C 4 to cathode or ground are a prime necessity,
since at the higher radio frequencies even an
inch or two of wire will have enough inductance to provide feedback coupling, and hence
cause oscillation, if the wire happens to be
common to both the plate and grid circuits.
Ga.in Control
The gain of an r.f. amplifier usually is varied
by varying the grid bias. This method is applicable only to variable-", type tubes, hence
this type usually is found in d. amplifiers.
In Fig. 411, Ra and R4 comprise the gain-control circuit. Ra is the control resistor and R4
a dropping resistor of such value as to make the
voltage across the outside terminals of Ra about
50 volts. The gain is maximum with the variable arm all the way to the left (grounded)
on Rs and minimum at the right. Ra could simply be placed in series with RJ, omitting R4 entirely, but the range of control is limited when
this connection is used.
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In a multi-tube receiver, the gain on several
stages would be varied simultaneously, a single
control sufficing for all. In such a case, the
lower ends of the several cathode resistors
(R I ) would be connected together and to the
movable contact on Ra.
Circuit Values
The value of the cathode resistor, R I , should
be calculated for the minimum recommended
bias for the tube used. The capacities of C2 ,
Ca and C4 must be such that the reactance is
low at radio frequencies; this condition is
easily met by using O.Ol-,ufd. condensers. R2
is found by taking the difference between the
recommended plate and screen voltages, then
substituting this and the rated screen current
in Ohm's Law. Ra must be selected on the basis
of the number of tubes to be controlled; a resistor must be chosen which is capable of
carrying, at its low-resistance end, the sum of
all the tube currents plus the bleeder current.
A resistor of suitable current-carrying capacity
being found, the bleeder current necessary to
produce a drop through it of about 50 volts
can be calculated by Ohm's Law. The same
formula will give R4, using the plate voltage
less 50 volts for E and the bleeder current just
found for I.
The constants of the tuned circuits will depend upon the frequency range, or band, being
covered. A fairly high LIC ratio should be
used on each band; this is limited, however, by
the irreducible minimum capacities. An allowance of 10 to 20 ",,,,fd. must be made for tube
and stray capacity (the input and output capacities of d. tubes are given in the tube
tables); the minimum capacity of the tuning
condenser also must be added.
If the input circuit of the amplifier is connected to an antenna, the coupling coil L,.
should be adjusted to provide an impedance
match between the antenna and grid circuit.
This will give maximum energy transfer. The
turns ratio Lt/ L2 will depend upon the frequency, the type of tube used, the Q of the
tuned circuit, and the antenna system, and in
general is best determined experimentally.
The selectivity will increase as the coupling is
reduced below this "optimum" value, a consideration which it is well to keep in mind if
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selectivity is of more importance than maximum gain.
The output circuit coupling depends upon
the output resistance of the tube, the input
resistance of the succeeding stage, and the Q
of the tuned circuit L4 C5• La is usually coupled
as closely as possible to L4 (this avoids the
necessity for an additional tuning condenser
across La) and the energy transfer is about
maximum when L3 has % to Xi as many turns
as L 4 , with ordinary receiving screen-grid
pentodes.
Gan/ied Tunin/i
The tuning condensers of the several r.f.
circuits may be coupled together mechanically
and operated by a single control. This operating convenience involves more complicated
construction, both electrically and mechanically. It becomes necessary to make the
various circuits track
that is, at each setting of the tuning control all circuits must tune
to the same frequency.
True tracking can be obtained only when the
inductance, minimum capacity and maximum
capacity are identical in all "ganged" stages.
This can be done by using identical tuning condensers and matching the coil inductances. A
small trinuner or padding condenser is connected across the coil so that variations in
minimum capacity can be compensated. The
fundamental circuit is shown in Fig. 412,
where C1 is the trimmer and C2 the tuning
condenser. The use of the trimmer further increases the minimum circuit capacity, but is a
necessity for satisfactory tracking. Condensers
having maximum capacities of 15 to 25 ",,,,fd.
generally are used for the purpose.
The same methods are applied to bandspread circuits which must be tracked. The
circuits are identical with those of Fig. 406,
although 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 Cs in Fig. 406-B, and C2 in Fig. 406-C
serve as trimmers. Fig. 406-A is not particularly recommended for purely amateur-band
receivers.
The coil inductance can be adjusted by
starting with a larger number of turns than
necessary, then removing a turn or fraction of
a turn at a time until the circuits track satisfactorily. An alternative method of adjusting
Fig. 412

Showing the

USe of a trimmer condenser

across the tuned circuit to
set the minimum circuit

capacity fQr sanged tun·
ing.

inductance, providing it is reasonably close to
the correct value initially, is to make the coil
80 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. These methods
are shown in Fig. 413.
Tube and Circuit Noise
In any conductor electrons will be moving
in random directions simultaneously and, as a
result, small irregular voltages are developed
across the conductor terminals. The voltage
is larger the greater the resistance of the conductor and the higher its temperature. This is
known as the thermal agitation effect, and

(A)

(B)

Fig. 413 - Methods of adjusting inductance for
ganging. The half turn in A can he 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, hut
operates hy induction. It will have DO effect on the coil
inductance when the plane of the loop is parallel to the
axis of the coil, and will give maximum reduction of the
coil inductance when perpendicular to the coil axi•.

it produces a. hiss-like noise voltage distributed uniformly throughout the radio-frequency spectrum. The thermal agitation noise
voltage appearing across the terminals of a
tuned circuit will be the same as in a resistor
of a value equal to the impedance of the tuned
circuit, even though the actual circuit resistance is low. Hence the higher the Q of the circuit the greater tbe thermal agitation noise.
Another component of hiss noise is developed in the tube, because the rain of electrons
on the plate is not entirely uniform. Small irregularities caused by gas in the tube also
contribute to the effect. Tube noise varies
with the type of tube, and is proportional in a
general way to the inverse ratio of the mutual
conductance of the tube to tbe square root of
the plate current.
To obtain the best signal-to-noise ratio, the
signal must be made as large as possible at the
grid of the tube, which means that the antenna
coupling must be adjusted to that end, and
also that the Q of the grid tuned circuit must
be high. A tube with low inherent noise obvi-

ously should be chosen. In an amplifier having
good signal-to-noise ratio the thermal agita-
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tion noise will be greater than the tube noise.
This can easily be checked by grounding the
grid through a O.OhJd. condenser and observing whether there is a decrease in noise. If
there is no change, the tube noise is greatly
predominant, indicating a poor signal-tonoise ratio in the stage. The test is valid only
if there is no regeneration in the amplifier.
The signal~to-noise ratio will decrease as the
frequency is raised because it becomes increasingly difficult to obtain a high-Q tuned
circuit.
The first stage of the receiver is the important one from the signal-to-noise ratio standpoint. Noise generated in the second and subsequent stages, while comparable in magnitude
to that generated in the first, is masked by the
amplified noise and signal from the first stage.
After the second stage, further contributions
by tubes and circuits to the total noise are inconsequential in any normal receiver.
Circuit Loadinll·

At high frequencies the tube may consume
power from the tuned grid circuit even though
the grid is not driven positive by the signal.
Above i Me. all tubes load the tuned circuit
to an extent which depends upon the type of
tube. This effect comes about because the time
necessary for electrons to travel from the
cathode to the grid becomes comparable to
the time of one rJ. cycle, and because of an
inductive effect of the cathode lead. The tube
input circuit resistance may be as low as a few
thousand ohms at 28 Mc., with certain tubes.
This input loading effect is in addition to
the normal decrease in the Q of the circuit
alone at the higher frequencies because of increased losses in the coil and condenser. Thus
the selectivity and gain of the circuit are both
adversely affected.
Coznparison of Tubes for the
R.F. Aznplifier

At 7 Mc. and lower frequencies, the signalto-noise ratio, gain and selectivity of an r.f.
amplifier stage are sufficiently high with any
of the standard receiving tubes. At 14 Me.
and higher, however, this is no longer true,
and the choice of a tube must be based on several conflicting considerations.
Gain is highest with high mutual-conductance pentodes, the 1851 and 1852 being examples of this type. These tubes also develop
less noise than any of the others. The input-

loading etiect ill

gre~tellt

with them, however,

so that selectivity is decreased and the tunedcircuit gain is lowered.
Pentodes such as the 6K7, 6J7 and corresponding types in glass have lesser inputloading effects at high frequencies, moderate
gain, and relatively-high inherent noise.
The" acorn" pent odes, 954 and 956, are excellent from the input-loading standpoint,
the gain is about the same as with the standard types, and the inherent noise is somewhat
lower. They are rather difficult to handle mechanically, however, and are not as rugged
electrically as the larger tubes.
Where selectivity is paramount, the acorns
are best, standard pentodes second, and the
1851-52 types last. On signal-to-noise ratio
the 1851-52 tubes are first, acorns second, and
standard pentodes third. The same order
holds for overall gain.
Receivers with R.F. Aznplification

A stage of radio-frequency amplification
may be added to a receiver having a regenerative detector to form what is popularly called
a tuned r.C. receiver. It is shown in block
diagram form in Fig. 414. The amplifier circuit of Fig. 411 is installed ahead of any of the
detector circuits of Fig. 405, with LtC. in Fig.
411 becoming the tuned grid circuit of the detector. The methods of ganging and bandspreading already described may be applied
to the tuned circuits.
Although antenna loading effects are overcome by using an d. amplifier stage before
the regenerative detector, the other disadvantages of this type of detector remain. The
added selectivity of the r.f. stage is not of
much help except in partially tuning out strong
local signals on frequencies considerably different from that of the desired signal. The d.
stage increases the tendency of the detector to
block, since blocking is worse the greater the
signal strength. The selectivity becomes increasingly poorer as the frequency is raised,
and is not high enough even at the lower frequencies to meet present-day conditions. For
these reasons, plus the fact that greater overall
gain is obtainable, regenerative receivers have
largely been superseded by the superheterodyne receiver.
• THE SUPERHETERODYNE
In the superheterodyne, or superhet, receiver the frequency of the incoming signal is

Fig. 414 - Block diagram of a receiver
with tuned radio.frequency amplification
preceding a regenerative detector and audio
amplifier.
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changed to a new radio frequency, the intermediate frequency (i.f.), then amplified, and
finally detected. The frequency is changed by
means of the heterodyne process, the output of
an adjustable local oscillator (h.f. oscillator)
being combined with the incoming signal in a
mixer or converter stage (first detector) to
produce a beat frequency equal to the Lf. Fig.
415 gives the essentials of the superhet in
block form. The process of detection and audio
amplification is similar to that already described. C. w. signals are made audible by
heterodyning the signal at the second detector
by an oscillator (the beat oscillator) set to
differ from the i.f. by a suitable audio frequency.
A numerical example will help make the operation of the receiver clearer. Assume that an
intermediate frequency of 455 kc. is chosen,
and that the incoming signal is on 7000 kc.
Then the h.r. oscillator frequency may be set
to 7455 kc. in order that the beat frequency
(7455 minus 7000) will be 455 kc. The h.f. oscillator also could be set to 6545 kc., which will
give the same frequency difference. To produce
an audible c. w. signal of say 1000 cycles at the
second detector, the beat oscillator would be
set either to 454 kc. or 456 kc.
The frequency-conversion process permits
d. amplification at a relatively-low frequency
where high selectivity can be obtained, and
this selectivity is constant regardless of the
signal frequency. Higher gain is also possible
at the low frequencies used for intermediate
amplification. The separate oscillators can be
designed for stability, and since the h.f. oscillator is working at a frequency considerably
removed from the signal frequency its stability is practically unaffected by the strength of
the incoming signal.
irna(Jes

Each h.f. oscillator frequency will cause Lf.
response at two signal frequencies, one higher
and one lower than the oscillator frequency. If
the oscillator is set to 7455 kc. to respond to a
7000-kc. signal, for example, it will also respond to a signal on 7910 kc., which likewise
gives a 455-kc. beat. The undesired signal of
the two is called the image. When the d.
circuit is tuned to the desired signal frequency,

and desired-signal and image voltages of equal
magnitude are alternately applied to the circuit, the ratio of desired-signal to image Lf.
output is called the signal-to-image ratio, or
image ratio for short.
The image ratio depends upon the selectivity of the r.f. circuits preceding the mixer.
Also, the higher the intermediate frequency
the higher the image ratio, since raising the
Lt. increases the frequency separation between
signal and image and thus places the latter
farther away from the peak of the resonance
curve of the signal-frequency circuits.
• FREQUENCY CONVERSION
The first detector or mixer resembles an ordinary detector of the types already described.
A circuit tuned to the intermediate frequency
is placed in the plate circuit of the mixer so that
the highest possible i.f. voltage will be developed. The signal- and oscillator-frequency
voltages appearing in the plate circuit are bypassed to ground since they are not wanted in
the output. The Lf. tuned circuit should have
low impedance for these frequencies, a condition easily met if they do not approach the
intermediate-frequency.
The important characteristics of a mixer
are its conversion efficiency, and pulling
effect on the oscillator frequency. The efficiency of the mixer is measured by the ratio
of i.f. output voltage from the plate circuit to
d. signal voltage applied to the grid. High
conversion efficiency is obviously 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 maintain
good oscillator stability, especially at the
higher frequencies (14 and 28 Mc.). 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 appreciably) since it is difficult to maintain constant oscillator output
over a wide frequency range.
Pulling is a change in oscillator frequency
caused by tuning of the mixer grid circuit. If
the two circuits could be completely isolated,

Fig. 415 ~ The basic superheterodyne arrangement.
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mixer tuning would have no effect on the oscillator frequency, but in practice this is a
difficult condition to attain. Pulling is a source
of oscillator instability and should be minimized, because the stability of the whole receiver depends critically upon the stability
of the h.f. oscillator. The pulling effect decreases with the separation between the signal
and h.f. oscillator frequencies, hence is less
with high intermediate frequencies and greater
with low U.'s.
Mixing Methods

Typical frequency-conversion circuits are
given in Fig. 416. The variations are chiefly
in the way in which the oscillator voltage is
introduced, and other methods than those
shown are possible. In 416-A, the screen-grid
tube functions as a plate detector; the oscillator voltage is capacity-coupled to the grid
of the tube in parallel with the tuned input
circuit. Inductive coupling may be used instead. The conversion gain and input selectivity are generally good so long as the sum of the
two voltages (d. and oscillator) impressed on
the 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 voltage required is small and
the power negligible.
A pentagrid-converter tube is used in the
57.6C6,6J7,e\;c.

2A7 •• A7, 6A8, 6K8, etc.
I. n.

rc~----,

~[[
ta
6Li

R~

In~

Fig. 416 - Mixer or Converter Circuits. A, grid in·
jection; Band C, separate injection circuits for converter
tubell. If an 1851 or 1852 is nsed in cireuit A, the cathode
resistor should be chauged from 300 to 500 ohms.
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circuit at B. Although intended for combination oscillator-mixer use, this type of tube
usually will give more satisfactory performance
when used in conjunction with a separate oscillator, the output of which is coupled in as
shown. The circuit gives good conversion
efficiency, and because of the electron coupling
gives desirable isolation between the mixer
and oscillator circuits. A small amount of
power is required from the oscillator.
In circuit C, using the 6L7 mixer tube, the
value of oscillator voltage can vary over a
considerable range without affecting the conversion gain. There are no critical adjustments
and the oscillator-mixer isolation is good. The
oscillator must supply somewhat more power
than in B.
A more stable receiver generally results,
particularly at the higher frequencies, when
separate tubes are used for the mixer and
oscillator. The same number of circuit components is required whether or not a combination tube is used, so that there is little
difference from the cost standpoint.
Tubes for Frequency Conversion

For Fig. 416-A a sharp cut-off pentode is
preferred. The 1851 or 1852 give very high
conversion gain and an excellent signal-tonoise ratio - comparable, in fact, to the gain
and signal-to-noise ratio obtainable with d.
amplifiers, and in these respects far superior
to any other tubes used as mixers. This type
of tube loads the circuit more, however, and
thus decreases the selectivity.
The 6K8 is a good tube for the circuit at
B; its oscillator plate connection may be ignored. The 6SA7 is excellent in this circuit, although its grid arrangement differs slightly
from that shown. The 6K8 is the best tube for
use as a combination mixer-oscillator.
The 6L7 is the only tube of its type, and
hence the only one suitable for circuit C.
• THE HIGH-FREQUENCY OSCILLATOR

Stability of the receiver is chiefly dependent
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 changes in voltage, loading, and
mechanical shock. Thermal effects (slow
change in frequency because of tube or circuit
heating) should be minimized. These ends can
be attained by the use of good insulating materials and good-quality circuit components,
by suitable electrical design, and by careful
mechanical construction.
In addition, the oscillator must be capable
of furnishing sufficient r.f. voltage and power to
the particular mixer circuit chosen, at all frequencies within the range of the receiver, and
its harmonic output should be as low as pos-
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sible. When harmonics are present, they may
mix with incoming signals of frequencies far
removed from the desired frequency, to produce spurious signals at intermediate frequency.
Design Considerations

No matter what the circuit chosen, it is
desirable to make the LIC ratio in the oscillator tuned circuit as low as possible (high-C)
since this results in increased stability in almost every respect. It is not hard to do this in
amateur-band receivers, since there is considerably greater freedom in design than in the
case of receivers intended for continuous coverage.
Particular care should be taken to insure
that no part of the oscillator circuit will vibrate mechanically. This calls for short leads
and very "solid" mechanical construction.
The chassis and panel material should be
heavy and rigid enough so that pressure on the
tuning dial will not cause torsion and a shift
in the frequency. Care in mechanical construction is well repaid by increased frequency stability.
Oscillator Circuits

Several oscillator circuits are shown in Fig.
417. The point at which output voltage is
taken for the mixer is indicated by the" X" or
"Y" in each case. 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 and 28 Me. when 6.3-volt heater
tubes are used. Hum is usually not bothersome
with 2.5-volt tubes, nor, of course, with tubes
which are heated by direct current. The
equivalent circuits for filament-type tubes can
easily be drawn with the help of Fig. 409. The
circuit of 417-C overcomes hum with 6.3-volt
tubes, but requires two coils. This is advantageous in construction, however, because it
makes the feedback adjustment simpler mechanically.
Besides the use of a fairly high CIL ratio in
the tuned circuit, it is necessary to adjust the
feedback to obtain optimum results. Too much
feedback will cause the oscillator to "squeg,"
or operate at several frequencies simultaneously; too little feedback 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; in C, by increasing the number of turns on L;. or by moving L;. closer to LI.
The oscillator plate voltage should be as low
as is consistent with adequate output. Low
plate voltage will reduce tube heating and
thereby reduce frequency drift. In all circuits

Fig. 417 - High-fre.
quency oscillator circuits. A, screen-grid
grounded-plate oscillator; B, triode groundedplate oscillator; C, triode,
tickler circuit. Coupling
to mixer may he taken
Crom points X and Y.
In A and B, coupling
Crom Y will reduce pull.
ing effects, but gives
less voltage than from
X: it is therefore best
adapted to those mixer
circuits with small 0.'
cillator-voltage require.

6J5

I>J5

ments.

+250

it is essential that the oscillator be shielded
from the mixer. Coupling other than by the
means intended, especially between the tuned
circuits, will result in pulling.
Tracking

For ganged tuning, the oscillator tuning
must track with the mixer tuning. In this
case the problem is to maintain a constant
difference in frequency (Lf.) between the two
circuits.
Tracking methods for covering a wide
frequency range, suitable for general-coverage
receivers, are shown in Fig. 418. The tracking capacity C5 commonly consists of two
condensers in parallel, a fixed one of somewhat less capacity than the value needed
and a smaller variable in parallel to allow for
adjustment to the exact proper value. In practice, the trimmer C4 is first set for the highfrequency end of the tuning range and then
the tracking condenser is set for the lowfrequency end. The tracking capacity becomes
larger as the ratio of the oscillator to signal
frequency becomes nearer to unity (that is,
as the tuning frequency becomes higher).
Typical circuit values are given in the accompanying table,
In amateur-band receivers tracking is simplified by choosing a band-spread circuit
which gives practically straight-line-frequency
tuning (equal lirequency change for each dial
division) and then adjusting the two circuits
so that both cover the same total number of
kilocycles. For example, if the U. is 455 kc. and
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Quency; the S!l.me is trull of 406-A if C1 i~ sm9.11

Par~f(,f
Trimmer

compared to C2 .
• INTERMEDIATE-FREQUENCY
AMPLIFIER

PamJ/,,/

Trimmu,.
Sets

di!J.Cap

c
~~----~~~____~Gnd

A

B
Fig. 418 - Converter circuit tracking methods. Approximate circuit value. for 450- to 465-ke. intermediates with tuning ranges of approximately 2.15-to-1,
Cl and Co having a maximum of 140 l'!Lfd. and the total
minimum capacitance, including Cs or C4, being 30 to
351'!Lfd .
Tuning Ilange

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

!

Ll

L2

Cs

SO I'h.
141'h.
3.5I'h.
0.8I'h.

4Ol'h.
12.2I'h.
31'h.
0.78I'h.

0.0013 I'fd.
0.0022 ;<fd.
0.0045I'fd.
None used

Approximate values for 450- to 465-ke. Lf. with a
2.5-to-l tuning range, Cl and Co heing 350'l'l'fd.
maximum, rninimum capacitance including Ca and

C. heing 40 to 50 I'l'fd.
Tuning Range

LJ

I""

Cs

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

2401'h.
321'h.
4.5I'h.
0.8!Lh.

130 !Lh.
25 !Lh.
41'h.
0.75 !Lh.

4251'!Lfd .
0.00115 I'fd.
0.0028 !Lfd.
NOlle used

the mixer circuit tunes from 7000 to 7300 kc.
between two given points on the dial, then the
oscillator must tune from 7455 to 7755 kc. be-tween the same two dial readings. With the
band-spread arrangement of Fig. 406-C the
tuning will be practically straight-line fre-
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The selection of an intermediate frequency
is a compromise between various conflicting
factors. The lower the i.f., the higher the selectivity and gain, but a low Lf. brings the image
nearer the desired signal and hence decreases the
image ratio. A low U. also increases pulling of
the oscillator frequency. On the other hand, a
high 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 Lf. of the order of 455 kc. gives good selectivity and is satisfactory from the standpoint of image ratio and oscillator pulling at
frequencies up to 7 Me. 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., the image ratio is very poor
unless several r.f. stages are used. At both 14
and 28 Mc. pulling is likely to be bad unless
very loose coupling can be used between
mixer and oscillator.
By going to an i.f. of about 1600 kc., satisfactory image ratios can be secured on 14 and
28 Mc., and pulling can be reduced to negligible proportions. However, the i.f. selectivity
is considerably lower, so that more tuned circuits must be used to increase the selectivity.
In choosing an U. it is wise to avoid frequencies on which there is considerable activity by the various radio services, since such
signals may be picked up directly on the Lf.
wiring. The two frequencies mentioned are
fairly free of such interference.
I.F. Transformers

The tuned circuits of i.f. amplifiers are built
up as transformers, consisting of a shielding
container in which the coils and condensers
are mounted. Both air-core and powderediron-core universal-wound coils are used, the
latter having somewhat higher Q's and, hence,
greater selectivity and gain per unit.
Variable tuning condensers are of the midget
type, air-dielectric condensers being preferable
because their capacity is practically unaffected
by changes in temperature. Iron-core transformers may be tuned by varying the inductance (permeability tuning) in which case
stability comparable to that of variable aircondenser tuning can be obtained by use of
high-stability fixed mica condensers. Such stability is of great importance in highly selective
Lf. amplifiers.
Intermediate-frequency amplifiers usually
consist of one or two stages. With modern
tubes and transformers, two stages at 455
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ko. will give all the gain usable,
considering the noise level. If regeneration is introduced into the
i.f. amplifier a single stage will
give enough gain for all practical
purposes.
Typical circuit arrangements
for three types of transformers
are shown in Fig. 419. Alternative methods of gain-control
biasing, by-passing and decoupiing are indicated. The method
of returning all by-passes to the
cathode shown in C is recommended. Where two such stages
are used there will be a tendency
to instability and oscillation because of the high gain, and
careful cireuit arrangement is
necessary.

S8,606,6K7

Tubes for I.F. Amplifiers
B
Variable-JJ pentodes are almost
58',r6'CD6:::l',.,.6~...7_ _",\ Powd~red
invariably used in Lf, amplifier
stages, since grid-bias gain con'rf~UJ~T
re
(irld
trol is practically always applied
Pla.ee. __- - r - ;,';
Next
to the Lf. amplifier. Tubes with
high plate resistance will have
•.il1Jl'-'HrL-r-.;;;J)0
least effect on the selectivity of
200011.
the amplifier, and those with high
loo.ooeJ1
loaootJ.11
mutual conductance will give
TOMAN
GAtN
14..'1.(".
greatest gain. The choice of i.t
+8
".•.c.
tubes will have practically no
effect on the signal-to-noise ratio,
since this will have been deterFig. 419
I.F. amplifier circuits for three types of transformers. A,
mined by the preceding mixer double.tuned; B, triple-tuned; C, bigh.gain iron core.
and r.r. amplifier (if used).
The Beat Oscillator
If single-ended tubes are used, care should
be taken to keep the plate and grid leads well
Any standard oscillator circuit may be used
separated. With these tubes it is advisable to for the beat oscillator. Special beat-oscillator
mount the screen by-pass condenser directly transformers are available, usually consisting
across the socket between the plate and grid of a tapped coil with adjustable tuning; these
pins to provide additional shielding, making are most conveniently used with circuits such
sure that thc outside foil of the condenser is as those shown at Fig. 417-B and -0, with the
connected to ground.
output taken from" Y." A variable condenser
of about 25 JJJJfd. capacity often is connected
The Second Detector
between cathode and ground to provide fine
The second detector of a superhet receiver adjustment of the beat frequency. The beat osperforms the same function as the detector in cillator usually is coupled to the second dethe simple receiver, but usually operates at a tector through a fixed condenser of a few JJS'fd.
higher input level because of the relatively capacity.
The beat oscillator should be well shielded,
great d. amplification. Therefore, the ability
to ha.ndle large signals without distortion is to prevent coupling to any part of the circuit
preferable to high sensitivity. Plate detection is except the second detector, and to prevent its
used to some extent, but the diode detector is harmonics from getting into the front end of
the most popular. It is especially adapted to the receiver and being amplified like regular
furnishing automatic gain or automatic vol- signals. To this end, the plate voltage should
ume control (a. v.c.), which gives it an addi- be as low a.s is consistent with sufficient audio
tional advantage. A wide variety of combina- output. If the beat-oscillator output is too
tions will be found, including circuits using low, strong signals will not give a proportionmulti-element tubes which include diode ately strong audio response, making the receiver Bound as though it is being hlocked.
elements, but all are basically the same.

'~~8
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WhilB 9. rBgBnerlltiv~ sMond d/ltMtor may be
used to give the audio beat note, this is not desirable, since it requires that the detector be
detuned from the i.f. This reduces seleotivity
and response, espeoially at the Lf.'s used, and
re-introduces the undesirable features of autodyne reoeption.
Autontatic Volunte Control

Automatic regulation of the gain of the receiver in inverse proportion to the signal
strength is a great advantage, especially in
'phone reception. This is readily accomplished
in the superheterodyne by using the average
rectified voltage develo~d by the received signal across a resistance in a detector circuit
to vary the bias on the d. and i.f. amplifier
tubes. Since this voltage is proportional to the
average amplitude of the detector signal, the
gain is reduced as the signal strength is
greater. The control will be more complete as
the number of stages to which the a.v.c. bias
is applied is greater. Control of at least two
stages is advisable.
A typical circuit of a diode-triode type tube
used as a combined a..v.c. rectifier, detector and
first audio amplifier is shown in Fig. 420. One
plate of the diode section of the tube is used for
signal detection and the other for a.v.c. rectification. The detector diode plate is connected
directly to the "high" side of the i.f. transformer secondary, while the a.v.c. diode plate
is fed through the small coupling condenser
Ca. Negative bias resulting from the flow of
rectified carrier current is developed across
R4 , the diode load resistor. This negative
bias is applied to the grids of the controlled
stages through the filtering resistors R5, R6
and R7.
It does not matter wbich of the two diode
+e

Fill. 42Q - Second-detector and
using duo-diode-triode tube.
R,
250,000 ohms, 72-watt.
R2 - 50,000 to 250,000 ohIDll,
7\i-watt.
Ra - 2000 ohms, 72·Watt.
R. - 2 to 5 megohms, M-watt.
R~, R., R7 - 1 megohm., 72"
watt.
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plates is selected lor audio and whlch tor a.v.c.
The audio diode return is made directly to
the cathode and the a.v.c. diode return to
ground. This places negative bias on the a.v.c.
diode equal to the d.c. drop through the cathode resistor (a matter of a volt or two) and
thus delays the application of a. v.c. voltage
to the amplifier grids, since no rectification
takes place in the a.v.c. diode 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,
which is undesirable because the full amplification of the receiver then cannot be realized
on weak signals. In the audio diode circuit
this fixed bias must be avoided, hence the
return is made directly to the cathode.
Time constant is important in the a.v.c.
circuit, and is determined by the RC values in
the diode and bias-feed circuits to the controlled stages. In high-frequency reception a
large time constant is not desirable because it
prevents the a.v.c. from keeping up with
rapid fading. A too-small time constant would
tend to "wash out" modulation. The values
shown have been found to be satisfactory in
operation.
• PRESELECTION
Preselection is added signal-frequency selectivity before the mixer stage is reached. An
r.f. amplifier preceding the mixer is generally
called a preselector, its purpose, in part at
least, being to discriminate in favor of the signal against the image. The preselector may
consist of one or more r.f. amplifier stages, and
its tuning may be ganged with that of the
mixer and oscillator. Its circuits must track
with the mixer circuit, all being tuned to the
same frequency at a given dial setting. An
r.f. amplifier stage also improves
the signal-to-noise ratio, since the
gain is usually greater than that of
a mixer while the tube noise is about
the same.
The design is the same as discussed earlier in the chapter. An
external preselector stage may be
used with receivers having inadequate image ratios, in which case
it is built as a separate unit, often
with a tuned output circuit which
gives a further improvement in
selectivity.

first audio circuit with a.v.c., •
Rs - 500,000 ohms, 72·watt.
Re - 250,000 ohms, 72-watt.

CI, C2, Cs - 100 J.<p.fd.
C. 250 pp.fd.
Ct!, C7 - 0.01 p.fd.
Ct!, Cg - 0.01 to 0.1 pfd.
CIG - 5- to 10·p.fd. electrolytic.
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CRYSTAL FILTERS
The selectivity of the ordinary
U. amplifier does not approach the
value which it is possible to use in
reception of c.w. signals. It does,
however, represent about the usable
limit for !'good quality" 'phone
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reception, although considerably greater selectivity can be used without sacrificing intelligibility.
The most satisfactory method of obtaining
high selectivity is by the use of a piezo-electric
quartz crystal as a selective filter in the i.f.
amplifier. Compared to a good tuned circuit,
the Q of such a crystal is extremely high, so
that at a frequency of 450 kc., for instance, the
band-width is measured in cycles instead of
kilocycles. In practice, the dimensions of the
crystal are made such that it is resonant at the
desired intermediate frequency, and it is then
used as a selective coupler between i.f. stages.
The use of a crystal filter brings another
practical advantage
a simple adjustment
permits" phasing out" or "rejecting" an interfering signal having a frequency close to, but
not the same as, that of the desired signal.
The Single-Signal ERect

As already explained, in c. w. reception the
beat oscillator may be set to, say, 456 kc. (if
the Lf. is 455 kc.) to give a 1000-cycle beat
when the desired signal is on the peak of the U.
resonance curve. Now if an interfering signal
appears at 457 kc. it also will be heterodyned
by the beat oscillator to produce a 1000-cycle
beat. This audio-frequency image corresponds to the high-frequency images already
discussed, and can be reduced by providing
enough selectivity to make the response to
the image negligible.
With selectivity of the order shown in Fig.
401 it is obvious that the ratio of signal to
audio-frequency image will not be very high
for beat notes of 1000 cycles or less. With a
crystal filter, however, the audio-frequency
image can be made practically inaudible, even
on the strongest signals, by a combination of
the high selectivity of the filter with the rejection feature. Fig. 421 gives a typical crystalfilter resonance curve which illustrates this.
The audio-frequency image can be reduced
by a factor of 1000 or more as compared with
the desired signal. There is, in effect, only
one heterodyne beat from each signal instead
of the two which are observed with normal Lf.
selectivity, or with a regenerative auto dyne
detector.
Besides practically eliminating the a.f.
image, the high selectivity of the crystal filter
provides great discrimination against signals
very close to the desired signal in frequency,
and, by reducing the band width, reduces the
response of the receiver to noise both from
sources external to the receiver and in the d.
stages of the receiver itself.
Phasing

Several crystal-filter circuits are shown in
Fig. 422. Those a.t 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 Tl, the input transformer, balanced to ground either
through a pair of condensers, C-C, (A) or by
a center-tap on the secondary, L2 (B). The
bridge is completed by the crystal X, and the
phasing condenser, C2, which has a maximum
capacity somewhat higher than the capacity
of the crystal in its holder. When C, is set to
balance the crystal-holder capacity (or neutralize the 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 C3 to
L3Ll, the output transformer. Without C2 the
holder capacity (with the crystal acting as a
dielectric) would by-pass signals of undesired
frequencies to the output circuit.
The phasing control has an additional function besides neutralization of the crystalholder capacity, however. 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 are thus prevented from
reaching the output circuit. The phasing control, by varying the effect of the holder capacity, permits shifting the parallel-resonant
frequency over a considerable range, thus
providing adjustable rejection of interfering
signals. The effect of rejection is illustrated in
Fig. 421, where the audio image is reduced far
below the value that would be expected if the
resonance curve were symmetrical.
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Fie. 421 - A graphical illustration of .ingle....ignal
.electivity. The shaded area indicates the region in
which response i. ohtainable.
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Variable Selectivity
In circuits of the type of A and B, Fig. 422,

variable selectivity is obtained by adjustment
of the variable input impedance, which is effectively in series with the crystal resonator.
This is accomplished by varying Cj (the
selectivity control) which tunes the balanced
secondary circuit of T j • When the secondary is
tuned to Lf. resonance, the parallel impedance
of the L2Cl combination is maximum and is
purely resistive. Since the secondary circuit
is center-tapped, approximately one-fourth of
this resistive impedance is in series with the
crystal, through C3 and L,. This lowers the Q
of the crystal circuit and makes its selectivity
minimum. At the same time, the voltage applied to the crystal circuit is maximum.

~
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C1
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Fig. 422 - Crystal filter circuits of three types. All give
variable band·width. with C having the greatest range of
selectivity. Their operation is discussed in the text.
Suitable circuit values are as follows: Circuit A. TI,
special i.f. input transformer with high.inductance pri.
mary. L •• closely coupled to tuned secondary, L2; Ct,
50'l'l'fd. variable; C, each 100-l'pld. fixed (mica); C2,
10. to 15.l'plcl. (max.) variable; C3, 50'l'l'fd. trimmer;
LaC.. i.f. tuned circuit, with La tapped to match crystalcircuit impedance. In Circuit B. Tl is the same as in
Circuit A except that the secondary is center-tapped;
Cl is 100'l'pld. variable; Co, C. and C. same as for Circuit
A; La14 is a transformer with primary, L4, corresponding to tap on L. in A. In Circuit C, T. is a special i.f.
input transformer with tuned primary and low-im·
pedance seconclary; C, each lOO-l'pld. fixed (mica); C2.
opposed.stator phasing condenser, app. 8 ~d. maximum capacity each side; LaCa, high·Q i.f. tuned circuit;
R. 0 to 3000 obm. (selectivity control).
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When the input circuit is detuned from the
crystal resonant frequency, the resistance
component of the input impedance decreases,
and so does the total parallel impedance. Accordingly, the selectivity of the crystal circuit
becomes higher and the applied voltage falls
off. At first the resistance decreases faster than
the applied voltage, with the result that at
first the c.w. output from the filter increases
as the selectivity is increased. The output then
falls off gradually as the input circuit is detuned farther from resonance and the selectivity becomes still higher. The selectivity can
be varied over a range of more than 12 to 1,
and the maximum selectivity is more than 35
times that obtained with the crystal filter
switched out, in typical receivers having two
iJ. stages. (Bib. 1).
In the circuits of A and B, Fig. 422, the
minimum selectivity is still much greater than
that of a normal two-stage 455-kc. amplifier,
and it is desirable to provide a wider range of
selectivity, particularly for 'phone reception.
A circuit which does this is shown at Fig.
422-0. The principle of operation is similar,
but a much higher value of resistance can be
introduced in the crystal circuit to reduce the
selectivity. The output tuned circuitL.C3, must
have high Q. A compensated condenser is
used at C! (phasing) to maintain circuit balance, so that the phasing control does not affect the resonant frequency. The output circuit functions as a voltage divider in such a
way that the amplitude of the carrier delivered to the next grid does not vary appreciably
with the selectivity setting. The variable resistor, R, may consist of a series of separate
fixed resistors selected by a tap switch. (Bib. 2) .
• REGENERATION IN THE SUPERHET
Regeneration often can be used to advantage in superhet receivers to increase gain
and, chiefly, selectivity. When the necessary
gain and selectivity can be obtained without
regeneration it is advantageous not to use it,
since a regenerative circuit requires careful
adjustment and represents an operating in~
convenience. However, in superhets using a
small number of tubes regeneration often is
worth while.
When the mixer is the first tube in the receiver, it can be made regenerative to increase
the image ratio. With the mixer regenerative,
but not oscillating, image ratios comparable
to those obtained with a non-regenerative r.f.
stage preceding the mixer can be obtained at
14 and 28 Mc. At lower frequencies the improvement is not so great, but images are
negligible with the mixer properly regenerative. Fairly careful adjustment of regeneration and tuning usually are necessary each
time the frequency is changed appreciably,
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if the advantages of regeneration in increasing
selectivity are to be realized. Regeneration affects the signal-to-noise ratio (first tube and
circuit noise) adversely, however.
A tickler coil may be connected in series with
the mixer plate and coupled to the grid coil to
provide regeneration; in fact, any of the usual
regenerative methods may be used. Regeneration may be controlled by varying screen voltage or grid bias, the latter by means of a variable cathode resistor.
In an Lf. stage, regeneration can be used to
give a pronounced single-signal effect, particularly when the Lf. is 455 kc. or lower. The
resonance curve of an Lf. stage at critical regeneration (just below oscillation) resembles
that of a crystal filter, although it is broader
at the base and does not have the rejection
feature. Regeneration is easily introduced in
an Lf. 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,
and may be controlled
usually will suffice
by the regular cathode-resistor gain controL
When the Lf. is regenerative, it is usually
preferable to operate the tube at rather high
bias and depend upon the regeneration to
bring the gain back to normaL This prevents
overloading on strong signals and thereby
increases the effective selectivity.
The higher selectivity with regeneration reduces the response to noise, just as in the
case of high selectivity produced by other
means.
• NOISE INTERFERENCE REDUCTION

Much of the interference experienced in reception of amateur signals is caused by domestic electrical equipment and automobile
ignition systems. The interference is of two
types in its effects. The first is of the "hiss"
type consisting of overlapping pulses, similar
in nature to the receiver noise previously discussed. 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 is usually caused by commutator sparking in d.c. and series 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).
Both "hiss" and "shot" interference may
be reduced by use of a receiving antenna system of the "noise reduction" type, where the
antenna proper is located remotely from the
noise sources and connected to the receiver
by a balanced or shielded transmission line
which has sma.ll pick-up. Other methods ma.y
be applied in the receiver itself.

Audio Limiter Circuits
A considerable degree of noise reduction in
code reception can be accomplished by lillliter
arrangements applied to the output circuits of
both superhet and regenerative receivers. Such
limiters also maintain the signal output nearly
constant with fading, the effect for both noise
and signal limiting being shown in Fig. 423.
Diagrams of typical output limiter circuits are
shown in Fig. 424. Circuit A employs a triode
tube operated at reduced plate voltage (approximately 10 volts) 80 that it saturates at a
low-signal level. The arrangement of B has
better limiting characteristics. A pentode
audio tube is operated at reduced screen voltage (35 volts or so), so that the output power
remains practically constant over a grid excitation voltage range of more than 100 to 1.
The output limiter systems are simple and
adaptable to nearly all receivers. However,
they cannot prevent noise peaks from overloading previous circuits and do not bring the
noise amplitude down below the level of the
signal. (Bib. 3).
Series-Valve Noise Limiter

The circuit of Fig. 425 "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 would normally be non-conducting 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 RI and R2 must be
fairly large in value to prevent 1088 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 Ra.
By setting Rs so that the signal just passes
t!n:ough the "valve", noise pulses higher in
amplitude than the signal will be cut off.
The circuit of Fig. 425-A, using an infiniteimpedance detector (one in which the cathode
bias resistor also is the audio load resistor,
with the plate grounded for audio) gives a
positive voltage on rectification. When the
rectified voltage is negative, as from the usual
diode detector, a different circuit arrangement,
shown in Fig. 425-B, is reqUired.
An audio signal of about ten volts is re-
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cathode, however, is free to follow the nlUdulaNo limitin,!

Output limitin!!
A- NOISE

........ 11 ...
No Limitin'!

_... _....
Output Lim/tin!!

B-FADING SIGNAL

Fig. 42.3
Illustrating limiter action with noise-peak
interfert'nce and witb a fading signal.

qui red for good limiting action. When a beat
oseilirrtor is used for c. w. reception the b.o.
voltage should be small so that incoming noise
will not hlwe a strong carrier to beat against
and produce large audio output. (Bib. 4).
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Fill. 424

c)

o

0.25 "fd.

Us
T
L\ Ph -

Noise-Silencing I.F.
System

600 ohm •.
Output transformer.
15-henry cboke.
Telephones (20,OOO-obm impedance; 2000-obm resistance).

Automatic Noise Suppressor Circuit
A second-detector noise limiting circuit
which automatically adju~ts itself to the
received carrier level is shown in Fig. 426. The
diode load circuit consists of R s, R1. Rs
(shunted by the high-resistance audio volume
control, R4) and Ro in series. The cathode of
the 6N7 noise-limiter is tapped on the load
resistor at a point such that the average rectified carrier voltage (hCgative) at its grid is
approximately twice the negative voltage at
the cathode, both measured with reference to
ground. A filter network, RIC!, is inserted in
the grid eircuit so that the audio modulation
on the carrier does not reach the grid, hence
the grid potential is maintained at substantially the rectified carrier voltage alone. The
Fig. 425 - The senee.valve noise.limiter cireuit.
A, witb an infinite-impedance detector; B. with diode
detect..... Values are a8 follows:
Rl
0.25 megohm.
&
50,000 obms.
Ra -10,OOO.ohm potentiometer.
R, -20,000 to 50.000 ohm •.
C) - 250 ""fd.
":2, Ca - 0.1 ,,{d.
Diode cireuit constants in Bare cODventionat
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Output limiter circuits.

C2 -- 0.01 "Cd.
C3 -5 "fd.
P - 50,000-ohm limitcrcolltrol (pref.
erably wire wound).
It) -- 0.5 me~.
R. - 2000 ohms.

tion, and when the modulation is 100% the
peak cathode voltage will just equal the steady
grid voltage.
At all modulation percentages below 100%
the grid is negative with respect to cathode
and current cannot flow in the 6N7 platecathode circuit. A noise pulse exceeding the
peak voltage which represents 100% modulation will, however, make the grid positive
with respect to cathode and the relatively-low
plate-cathode resistance of the 6N7 shunts
the high-resistance audio output circuit,
effectively short-circuiting it so that there is
practically no response for the duration of the
noise peak over the 100% modulation limit.
R5 is used to mftke the noise-limiting tube
more sensitive, by applying to the plate an
audio voltage out of phase
with the cathode voltage so
that at the instant the gri,l
goes positive with respect to
cathode, the highest positive
potential also is applied to
tht:' plate, thus further lowering the effective platecathode resistance. (Bib. 5).
p
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The circuit shown in Fig.
427 operates to make the
noise pulses "commit suicide" before they have a
chance to reach the second
detector. Noise voltage in ex-
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cess of the desired signal's maximum Lf. voltage
is taken off at the grid of the Lf. amplifier, amplified by the noise amplifier stage and rectified
by the full-wave diode noise rectifier. The
noise circuits are tuned to
the i.f. The rectified noise
voltage is applied as a pulse
of negative bias to the No.3
grid of the 6L7 used as an Lf.
amplifier, wholly or partially disabling this stage for
the duration of the individual noise pulse, depending
on the amplitude of the
Fr,om
First
noise voltage. The noise
/.1':
amplifier-rectifier circuit is Amf'.
biased so that recti fica tion
will not start until noise
voltage exceeds the desiredsignal amplitude, by means
of the "threshold control."
For reception with automatic volume control, the
a. v.c. voltage is also applied
to the grid of the noise amplifier to augment this
threshold bias. This system
of noise silencing gives signal-noise ratio improvement
of the order of 30 db (power ratio of 1000) with
heavy ignition interference, raising the signalnoise ratio from - 10 db without the silencer to
20 db in a typical instance. (Bib. B).

+

A.V.

c.--r-'-...-+--'-"'_,.....,r-,

Fig. 426 - Automatic noise limiting circuit for
superhet receivers.

I.F. transformer with balanced secondary for
working into diode rectifier.
ftl, R2, R. - 1 megobm, M.watt.
ft,
I.megohm volume control.
H5 - 250,000 ohms, M·watt.
1\6, R8 - 100,000 obms, M-watt.
R1
25,OOOobms, M·watt.
Cl
O.l.",fd. paper.
C2, C. - 0.05·",fd. paper.
('.4, C5 - 50·",,,,fd. mica.
Co - O.OOl-",fd. mica (for r.!. filtering, if needed).
Sw - S.P .•. t. toggle (on·off switcb).
The switch should he mounted close to the circuit elements and controlled by an extension sbaft if necessary.
T-

• SIGNAL STRENGTH AND TUNING
INDICATORS

A useful accessory to the receiver is an
NOISE

~

-25OV.

'I-2.ov.

Fig. 427 _.... Silencer circuit applied to the second
i.f. stage of a typical superhet. The negative.B of tbe
higb.voltage supply must be grounded at the filter
output.

C2 - O.OI."fd. grid by-pass condenser, 2oo·volt
tubular.
C. - 0.01. to O.l.",fd. plate by-pass condenser, 400.
volt tubular.
C7 - O.I."fd. catbode by.pa.. condensers, 200·Yolt
tubular.
Cs - 0.01- to O.l·Mfd. screen by.pas. condensers, 400.
volt tubular.
C. - 0.25·l'fd. main by.pass condenser, 600.yolt
tubular.
Cl2 - SO-",,,,fd. detector load by-pas., mica midget.
C,. - 50'I'"fd. beat osc. coupling condenser, mica
midget.
Cl' - O.l.",fd. detector output coupling condenser,
200·volt tubular.
C21 - O. to 250.""fd. noise rectifier load by-pass, mica
midget.
C22 - O.l."fd. thresbold resistor by.pass, 200·volt
tubular.
C23 - 50-""fd. silencer r.f. by-pass, mica midget.
112 - WO,OOO.ohm grid filtering resistor, M.watt.
Ho - 350- to WOO·obm catbode resistors. M-watt.
H1 -IOO,OOO·obm screen.voltage dropping resistors,
M-watt.
Rl3
SOO-obm manual r.f. gain control.
R14 - 0.2S.megobm yolume eontro\.
Iho - 50,000.obm detector filter resistor, M·watt.
Hn - 20,OOO-ohm thresbold bleeder resistor, l.watt.
Hl!{ - 5000-obm thresbold eontrol potentiometer
yolume·control type.
R20 - 100,Ooo-obm noise rectifier load resistor. 7\1.
watt.
Hao -1.megobm a.V.e. filter resistor, M·watt.
HFC - 20·millihenry r.f. eboke.
T2 - Double air.tuned i.f. transformer.
'fa and '1'4
Single air.tuned fnll-wave diode coupling
transformers.
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indicator which will show relative signal

the triode section is 118ually connected to the

strength. Not only is it an aid in giving
reports, but it also is helpful in aligning the
receiver circuits, in conjunction with a test
oscilla tor or other steady signal.
Three types of indicators are shown in Fig.

a.v.c. line. The particular type of tube to use
will depend upon the voltage available for its
grid; where the a.v.c. voltage is relatively large,
a remote-cutoff type tube should be used in
preference to the sharp-cutoff type such as the
6E5.
In B, a milliammeter is connected in series
with the d.c. plate leads to the r.f. and Lf.
tubes whose grids are controlled by a.v.c.
Since the plate current of such tubes varies
with the strength of the incoming signal, the
meter will indicate relative Signal intensity
and may be calibrated in "S" points. The
scale range of the meter should be chosen to
fit the number of tubes in use; the maximum
plate current of the average remote-cutoff rJ.
pentode is from 7 to 10 milliamperes. The
disadvantage of this system is that the meter
reading decreases wi th increasing signal
strength. The sensitivity also is limited and
cannot easily be controlled.
The system at C uses a 0-1 milliammeter in
a bridge circuit arranged so that the meter
reading and signal strength increase together.
The current through the branch containing RI
should be approximately equal to the current
through that containing R2. In some manufactured receivers this is brought about by
draining the screen voltage-divider current and
the current to the screens of three rJ. 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. Typical values for this type of circuit are
given. The sensitivity can be increased by
making Rh R2 and Ri larger. The initial setting is made with the manual gain control
set near maximum, when Ra should be adjusted to make the meter reading zero with no
signal.

+8

SCREENS
AND VOLTAGE_-I-vitW'rr1
DIVIDER

(c)

Fig. 428 - Tuning in.
dicator or HS" .meter cir.
cuits for superhet reo
ceivers. A, electron.ray
indicator; B. plate-eurrent
meter for tubes on s.v.c.;
C, bridge circuit for s. v.c.
controlled tube. In C, representative values are: RI,
250 ohms; R •• 350 ohms;
14. WOO-ohm variable.

428. That at A uses an electron-ray tube, several types of which are available. The grid of
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CHAPTER FOUR

Transmitter Design
Design of Crystal-Oscillator, Frequency-Multiplier and PowerAmplifier Circuits - Neutralizing Circuits - Inter-Stage
Coupling Systems - Tank-Circuit Design - Amplifier
Operating Conditions

THIS

chapter deals principally with the design of transmitters to operate at frequencies
between 1.75 and 30 Mc.; ultra-high-frequency
transmitters will be discussed in a later chapter.
The modern amateur transmitter must be
designed to comply with the simple requirements in our regulations regarding purity and
stability of the output carrier.
Transmitter Units

The oscillator is the frequency-generating
unit. It is sometimes used to deliver the radiofrequency power generated to the antenna, although, more often it is used in conjunction
with a power amplifier which increases the
power level at the oscillator frequency before
delivering it to the antenna. The third unit
type is the frequency muUiplier which is used to
increase the frequency delivered to it by the
oscillator or a preceding frequency-multiplying stage. The frequency multiplier may also
be referred to as a doubler, tripler or quadrupler,
depending upon the order of frequency multiplication. Frequency multipliers are usually
followed by a power amplifier which delivers
power to the antenna.
• CIRCUIT TERMS

The Tank Cirouit

A tuned circuit, consisting of a suitable coil
and condenser in parallel, used in conjunction
with a vacuum tube in an d. oscillator or
amplifier, is commonly termed a tank circuit.

By-Pass and Blocking Condensers

The by-pas8 condenser is used to provide a
comparatively low-impedance path for r.f. or
a.f. currents around some circuit element or
branch.
A blocking condenser is used to introduce a
high impedance to the flow of low-frequency
a.c. or d.c. in some branch of a circuit without
appreciably affecting the flow of r.r. currents.
Series and Parallel Feed

The d.c. voltages required for grid and plate
in the operation of a vacuum-tube circuit may
be fed through the associated tank circuit
when it is called series feed or through a r.f.
choke effectively in parallel with the tank
circuit when it is termed parallel feed.
Filament Center-Tap

To prevent hum with filament-type tubes
operating from a.c. supply, it is necessary to
return the grid and plate circuits to the electrical center of the filament circuit as shown in
Fig. 501. When no transformer center-tap is
provided, or if a series resistance is used in the
secondary to drop the filament voltage, a center-tapped resistance should be used as shown
at B.
• OPERATING TERMS

Power Input

Unless otherwise specified, the term power
input applies only to the d.c. power consumed

Fig. 501
Methods of making return connections to filament centertap to prevent filament..,upply modu.
lation. If R. is used to drop filament
voltage from higher-voltage trans.
former, the center-tapped resistance
should always be used, eVen if the
transformer is equipped with centertap.

La
L,

-H.V

+
-~;v

CHAPTER FIVE

+

71

I

The Radio Amateur's Handbook
in the plate circuit of the vacuum tube. It is
the product of the d.c. plate voltage and
current.
Power Output

In using the term power output, it is important to distinguish between tube power output
and circuit power output. The former does not
include the tank- and coupling-circuit losses.
Efficiency

Plate efficiency is the ratio of power output
to power input expressed as a percentage, and
usually refers to tube efficiency, neglecting
circuit losses.
Excitation

Excitation voltage is the alternating voltage
applied to the control-grid circuit of the tube.
Exciting or driving power is the power required
to develop the excitation voltage. Oscillators
supply their own excitation, while excitation
for an amplifier or frequency multiplier must
be furnished from an external source.
Frequency Stability

The degree to which the frequency of an
oscillator adheres to any single frequency to
which it has been set is termed its frequency
stability. Frequency instability may have
origins of three types. Frequency changes may
occur with mechanical movement of some
circuit element which causes it to change its
electrical value whenever the oscillator is subject to mechanical shock or vibration.
The second type of instability is caused by
effects of a change in temperature of some
circuit element. Thermal effects are usually
characterized by a slow progressive change in
frequency from the time the oscillator is first
placed in operation until some time later when
the oscillator reaches a more or less stable
temperature. This sort of frequency change is
described as creep.
The third type of instability is known as
dynamic and is the result of anything which
will change the operating characteristics of the
oscillator tube. This may be a change in electrode voltages or a change in the loading of the
oscillator which may, in turn, cause a change
in the effective input capacity of the tube.
Parasitic Oscillations

Oscillations generated in a transmitter aside
from those at the operating frequency are
termed parasitic oscillations. This type of oscillation invariably causes spurious radiations
and also effectively reduces the efficiency of an
amplifier.
Oscillators

When the frequency of the oscillator is determined entirely by the circuit constants, it is
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is determined principally by an electro-mechanical device, the piezo-electric crystal, the
oscillator is termed a crystal-controlled oscillator.
Self-Controlled Oscillators

The advantage of a self-controlled oscillator
is its flexibility which permits choice of any
frequency desired by simply providing a coil
and condenser of suitable values. Its disadvantages are that extreme care in design and
adjustment is necessary if satisfactory frequency stability is to be attained. The use of
self-controlled oscillators in amateur transmitters should be confined exclusively to the
generation of a stable frequency with power
output decidedly of minor importance. The
most satisfactory type of self-controlled oscillator now in general use is the electroncoupled oscillator which will be described in
detail. Brief references to other types will be
found in Chapter 3.
The Electron-Coupled Oscillator

In this circuit, a screen-grid tube is used.
The screen forms the plate of a Hartley or Colpitts triode oscillator arranged so that the

- H

~c
B

v. +

-fl
- HV

+

Fig. 502 - The electron-coupled oscillator. The
frequency is controlled mainly by the constants of
Ll-Cl which should be a high-C circuit. Fecdback is
controllcd by the position of thc cathode tap whicb
must be adjustcd carefully under operating conditions.
Tbe adjustment of the screen voltage by means of the
voltage divider R2-R. is also critical for high-frequeney
stability. Tuning of L2-C2. whicb may be a low-C
circuit, will also have Borne effect upon the frequency.
Circuit B. in whicb the tuned plate circuit is replaced
by an r.f. choke is usually favored. It is important that a
well-screened tube and voltage-regulated plate supply
be used.
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screen, instead of the cathode, is at ground
potential. With a well screened tube and good
circuit isolation, the coupling between the oscillating circuit and the plate output circuit,
from which power is taken, is essentially
through the varying electron stream and,
therefore, the frequency is more independent of
adjustments and loading of the output circuit
than with other types, although in practice the
effects must still be taken into consideration.
An example of the electron-coupled oscillator
is shown in Fig. 502. (Bib. 1)

the r.f. crystal current limited to /I, safe value of
about 100 ma., as measured by a r.f. galvanometer or low-range r.f. ammeter inserted in series
with the crystal (at "x" in the diagram), the
power output obtainable is about 5 watts. The
oscillation frequency is dependent to a greater
extent on the plate tank tuning than is the
case with circuits using tetrodes or pentodes.
The Tetrode or Pentode Osoillator

Since the d. voltage amplitude (which determines the power output of the oscillator

Crystal-Controlled Oscillators

In crystal-controlled oscillator circuits, the
usual parallel resonant circuit, which determines the frequency, is replaced by the piezoelectric crystal. If a crystal is properly connected in an oscillator circuit, energy fed back
from the output circuit may be used to excite
the crystal which, in turn, will generate an alternating voltage which will be applied to the
grid of the oscillator tube, and the circuit will
oscillate at a frequency controlled, within very
close limits, by the dimensions of the crystal.
The disadvantage of the c.c. oscillator is that,
with a given crystal, the frequency may be

xta!
L,

Fig. 504 - Tetrode or pentode crystal oscillator.
Typical values: Ct, 100 "pfd. with L wound to .uit frequency (see eoil charts, Figs. 516-517) with No. 24 wire
or larger; C2, Ca, 0.001 "fd. or larger; C" 0.01 pfd.; Rl,
10,000 to 50,000 ohms, best value being determined by
trial for the plate voltage and operating conditions
chosen; R2, 250 to 400 ohms. R. and C. may be omitted,
connecting cathode directly to ground if plate voltage is
limited to 250 volts. Cs may be required to obtain oscil.
lation with a wcll·screened tube. It may be formed by
two mClal plates about ~ inch square spaced about N:
inch. If tube has suppressor grid, it should be grounded.

The circuit of a triode crystal oscillator is
shown in Fig. 503. It is the equivalent of the
tuned-plate tuned grid circuit since the crystal
is the equivalent of the grid tank circuit. The

tube) in the grid circuit is limited by the safe
vibration amplitude of the crystal, obviously
the greatest power output can be secured without danger to the crystal by choosing a tube of
high power sensitivity (see Chapter 3). Hence,
we find that pentodes and beam tubes are
widely used as crystal oscillators in amateur
transmitters because, at a given plate voltage,
the crystal heating will be less than with a triode
and alternatively, for the same amplitude of
crystal vibration, higher plate voltages can be
used, resulting in greater power output.
Fig. 504 shows a typical pentode or tetrode
oscillator circuit. The pentode and tetrode
tubes designed for audio power work, such as
the 47, 2A5, 41, 42, 6V6G, 6L6G, 6L6, 48 and
6F6 are excellent crystal-oscillator tubes. Tubes
having 250-volt ratings may be operated at
voltages as high as 300 and screen voltages between 100 and 125 when R:! and C. may be
omitted. The larger beam tubes, 6L6 and 807
may be run at 400 to 500 volts on the plate and
250 on the screen for maximum output and the
cathode resistor and by-pass should be used.
A thermo-galvanometer (or a 60-ma. dial

limit of plate voltage that ean be used without

light) may be connected at "X" to give an in-

endangering the crystal is about 250 volts. With

dication of d. crystal current. Pentode oseil-

-B

+8

Fig. 503 - Triode crystal oeeillator. The tank condenser Cl may be a 100-p"fd. variable, with Ll proportioned so that the lank will tune to the crystal frequency.
(See coil charts, Figs. 516-517.) C2 should be 0.001 "fd.
or larger. The grid leak, Rl, will vary with the type of
tube; high-" types take lower values, 2500 to 10,000
ohms. while medium and low-" types take values of
10,000 to 25,000 ohms.

varied over extremely narrow limits (about
5 kc. at 4 Mc. with suitable crystal and holder),
making it necessary to provide essentially a
separate crystal for each frequency desired in
any particular amateur frequency band. Its
great advantage is the comparative ease with
which satisfactory frequency stability may be
obtained.
The Triode Crystal Oscillator
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lators operating at 250 voltl! will give 4 or fi

802.RI<23-2S.89

watts output under norme.I conditions. The
beam types 6L6 and 807 will give 15 watts or
more at maximum plate voltage. (Bib. e).
The Pierce Oscillator
This circuit, one of the earliest devised for
crystal oscillators, is shown in Fig. 505. It
operates in the same manner as the old ultraudion circuit with the crystal, instead of a
tuned circuit, connected between grid and
plate. The plate circuit must be capacitively
reactive or tuned to a lower frequency than
that of the crystal. The capacity C2 will
usually be required; it introduces an amount
of regeneration depending upon its capacity.
The output of the Pierce oscillator is relatively
small, although it has the advantage that no
tuning controls are required. The circuit requires capacitive coupling to a following stage.
Harmonic Generation - The Tri-Tet
Many circuits have been devised to obtain
harmonic output from the oscillator tube. One
of the most successful is the "Tri-tet" oscillator. The circuit is shown in Fig. 506, in two
versions arranged for use with pentodes and
beam tetrodes. In the Tri-tet oscillator circuit
the screen grid is operated at ground potential
while the cathode assumes an d. potential
above ground. The screen-grid acts as the
anode of a triode crystal oscillator, while
the plate or output circuit is simply tuned
to the oscillator frequency or a multiple of it.
Besides harmonic output, the Tri-tet circuit
has the feature of buffering action attributable
to electron-coupling between crystal and out-put circuits. This makes the crystal frequency
less susceptible to changes in loading or tuning
and hence improves the stability.

RFC

fl.
200 - 300
VOLTS

Fig. 505 - The Pieree oeeillator requires no tuning
controls. Tubes such as the 6C5 and 6F6 are suitable
operating at plate voltages not exceeding 300 to prevent
crY8tal fracture. When a triode i, used, Ra and C. are
omitted. RI should have the usual grid.leak values of
25,000 to 50,000 ohms. 1000 ohms is recommended for
Ri. Rs is the ocreen voltage dropping re8istance. 75.000
ohms for the 6F6. C, is a voltage blocking condenser of
any value between 0.001 and 0.01 ,4d. C. and C. should
he 0.01 jOfd. The oize of C•• the regeneration capacity
must be detennined by experiment, probahly some·
where between SO and 150 jO,4d. Tbe 8ize of C50 uoually
100 p,4d. should he adjusted !IO that the oscillator is not
overloaded.
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Fig. 506 - Tri.tet oscillator circuit, using pentodea
or beam tetrodes. CI and Q,. 200'jOjOfd. variables; Ca.
Ct. C&. Co, 0.001 to 0.01 ,4d. by·paooeo, not critical;
Rl, 20.000 to 100,000 ohmo; lb. 400 ohm. for 400. or
500.volt operation.
Following apeei1ications for cathode eoils, L,. are
baaed on a coil diameter of 1311 inches and length 1 inch;
turno should be spaced evenly to fill the required length.
For RK.23, RK.25, 6L6, 6L6G and 6V6G tubeS!
1.75.Mc. crystal, 32 turns; 3.5 Me •• 10 turns, 7 Me., 6
turns. The 6L6G and 61.6 tubes are recommended
only for second harmonic operation. For 802. 807,
RK-39, and 89 tubes: 1. 75.Mc. crystal, 28 turno; 3.5
Me.• 14 turno; 7 Me., 7 turns.
At maximum recommended plate voltages (500 volts
for transmitting types, 400 volts for 6L6 and 6L6G) the
screen voltage should be 250. The 89 and 6V6G types
may be operated with 300 plate volts and 150 volta on
the screen.
The L-C ratio in the plate tank, !.teA. should he
adjusted 80 that the capacity in use is 75 to 100 ",4d.
for fundamental output and about 25 ",4d. for second
hannonic output.

If the output circuit is to be tuned to the
same frequency as the crystal, a fairly wellscreened tube must be used, otherwise there
may be excessive feedback and danger of fracturing the crystal. The tubes specified in Fig.
506 meet this condition with the exception of
the 6L6G and 6L6, which are recommended
only for harmonic operation in the Tri-tet
circuit.
The cathode tank circuit, LICit is not tuned
to the frequency of the crystal, but to a considerably higher frequency. Recommended
values for Lt are given under the diagram. Cl
should be set as near minimum capacity as is
consistent with good output. This reduces the
crystal voltage.
With pentode-type tubes having separate
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suppressor connections, the suppressor may be
tied directly to ground or may be operated at
about 50 volts positive. The latter method
will give somewhat higher output than with
the suppressor connected to ground.
With transmitting pentodes or beam tubes
an output of 15 watts can be obtained on the
fundamental and very nearly as much on the
second harmonic. (Bib. 2).

-8

+S.G

Fig. 507 - Crystal oscillator circuit with grid.plate
crystal conneetion. The screen lunctions as the plate 01
a triode oscillator with output taken lrom the normal
plate through a separate tank circuit. Coustauts are the
same as in Fig. 506. For output at the crystal lunda.
meutal only, C2 may he ned at 100 psJd.

The Grid-Plate Oscillator
In appearance, the grid-plate oscillator, Fig.
507 resembles the Tri-tet, but with two major
differences - the crystal is connected between
grid and ground instead of between grid and
cathode, and the cathode tuned circuit C2RFC
is tuned to a lower frequency than that of the
crystal.
This circuit is a persistent oscillator and
gives high output on the fundamental with low
crystal current and is, therefore, in contrast to
the Tri-tet, suitable for use with tubes such as
the 6L6G and 6L6 operating at the crystal
fundamental. The output on even harmonics
(2nd, 4th, etc.) is not II.S great as that obtainable with the Tri-tetj on the other hand, the
output on odd harmonics (3rd, 5th, etc.) is
appreciably better. This feature may sometimes be put to use in arriving at useful points
in the 14- and 28-Mc. bands from a l.8-Mc.
crystal when the oscillator is used in conjunction with a suitable frequency multiplier.
If harmonic operation of the oscillator is not
contemplated, Cs may be a fixed capacity of
100 ~~fd. and one tuning control thereby
eliminated. The cathode coil, RFC, may be
a 2.5-mh. choke, since the inductance is not
critical.
Output power of 15 to 20 watts may be obtained at the crystal fundamental with a tube
such as the 6L6G at a plate voltage of 400 and
screen at 250 volts. Sufficient outpqt ill Qbtain
a

able at the 2nd and odd harmonics up to the
7th to drive an 807 frequency multiplier. (Bib. 5).
Characteristics and Limitations 01 Crystals
Crystals having various characteristics,
determined by the manner in which they are
cut from the raw crystal, are possible. The chief
characteristic of the Y-cut crystal is that its
frequency usually increases to a limited degree
with an increase in temperature. The change
may vary from plus 100 cycles per million per
degree Centigrade to minus 20 cycles-permillion-per-degree C. The Y-cut type has been
largely superseded by other types because of its
relative fragility and lack of frequency stability.
The X-cut crystal is thicker than the Y-cut
for the same frequency and is, therefore, less
fragile. It has a negative temperature coefficient, frequency decreasing with temperature.
The change lies between minus 15 and minus
25 cycles-per-million-per-degree C.
More recently, special cuts have been developed which produce crystals with temperature coefficients very close to zero and these are
the most favored for amateur use. They are
known by various designations, depending
upon the particular angle of cut, such as the
AT-cut, the V-cut and the LD.
Since some temperature rise occurs in aU
crystal oscillator circuits developing appreciable power, it is evident that in choosing a
crystal frequency near the edge of an amateur
band the probable "drift" in frequency must
be taken into account.
Heating is greater the greater the amplitude
of the crystal vibration; in other words the
greater the r.f. voltage across the crystal.
When the vibration amplitude is high the internal stresses may be great enough to shatter
the crystal, hence the power-handling capabilities of the crystal are limited. A current of 100
mao d. usually is considered safe for X- and Ycut crystals ground for the 1.75- and 3.5-Me.
bands. Crystals of some types can operate
safely with currents as high as 200 mao The
manufacturer usually establishes a safe current
rating for his particular cut.
Crystal Mountin~s
To make use of the crystal, it must be
mounted between two metal electrodes. There
are two types of mountings, one in which there
is an air-gap of about one-thousandth inch between the top plate and the crystal and the
other in which both plates are in contact with
the crystal. The latter type is generally used by
amateurs. It is essential that the surfaces of the
metal plates in contact with the crystal be
perfectly flat.
A holder having a heavy metal bottom plate
with a large surface exposed to the ail" is ad-

CHAPTER FIVE

75

The Radio Amateur's Handbook
vantageous in radiating quickly the heat generated in the crystal and thereby reducing
temperature effects.
The type of holder used will have some
effect on the frequency of oscillation of the
crystal. Different plate sizes, pressures, etc.,
will cause slight change5, amounting to perhaps
a kilocycle· or so, so that if a crystal is being
ground to an exact frequency it should be
tested in the holder and with the same oscillator circuit with which it will be used in the
transmitter.
In the air-gap type of holder, the frequency
of oscillation depends to some extent upon the
size of the gap between the top plate and crystal. This property can be used to advantage
with most low-drift crystals so that by using a
holder with a top plate with closely adjustable
spacing a controllable frequency variation can
be obtained. A 3.5-Mc. crystal will oscillate
without very great variation in power output
over a range of about 5 kc. X- and Y-cut crystals are not generally suitable for this type of
operation because they have a tendency to
"jump" in frequency with different air gaps.
R.F. Power Amplifiers
As mentioned previously, oscillators as
power-generating devices in amateur trans-

mitters have definite limitation6, For thiB rea.
son, amateur transmitters of medium and high
power invariably follow the oscillator-power
amplifier idea in which the function of the oscillator is essentially one of generating a stable
frequency and the small output power is used
to excite an amplifier or a series of amplifiers
which step the output up to the desired level.
In amateur transmitters, an r.f. amplifier is
invariably operated Class C (see Chapter 3).
It may employ a single tube or, for greater
power output, two tubes in parallel or pushpull. U'nder similar operating conditions, the
power output from two tubes will be the same
whether they are connected in parallel or pushpull. The same is true of the power required
from the driver. At the higher frequencies a
limit is placed on parallel operation by the
shunting effect of tube capacities in increasing
the minimum capacity of the circuit to such an
extent that a tank circuit of reasonable efficiency cannot be secured. The symmetry of
push-pull circuits makes them easier to handle
in operation. An inherent property of this type
of amplifier is its ability to balanee out even
harmonics, thereby reducing undesirable harmonic output. The tube input and output
capacities with this connection are effectively
in series.

DRivER

DRIVER

ORIVER

(E)

+B

AMP

-c

Fig. 508 - Direct. or capaeity-coupl~d driver and amplifier
stages. Couplin~ condenser capadty may be from 50 I'l'fd. to
0.002 pfd., 1I0t critical, except when tapping the coils for cOlltrol
of exeitation is not possible.
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Interstage Coupling Systems
The purpose of an interstage coupling system is to transfer, with as little
loss as possible, the power developed
by the driving tube to the grid circuit
of the following amplifier or frequency
multiplier. While there are many variations, eoupling systems in amateur
transmitters are usually confined to
two general classes, capacitive coupling and transmission-line or link
coupling.
Fig. 508 shows several types of
capacitive coupling. In each case, C
is the coupling condenser. In circuit A,
the plate of the driver is series fed,
while the grid of the amplifier is
parallel-fed. The coupling condenser
serves also as a blocking condenser to
isolate the d.c. plate voltage of the
driver from the grid of the amplifier.
In circuit B, parallel feed is used in
the plate circuit of the driver and
series feed in the grid circuit of the
amplifier. The circuits of C and Dare
preferable when a balanced circuit is
used in the output of the driverj instead of both being in parallel across
one side, the output capacity of the
driver tube and the input capacity of
the amplifier are across opposite sides
of the tank circuit, thereby pr~erving
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a better circuit balance. The circuits of E and
F are designed for coupling to a push-pull
stage.
In A, B. E and F, excitation is adjusted by
moving the tap on the coil, greater excitation
up to the limit of the driver being obtained by
moving the tap nearer the plate end of the
coil. In E and F, the two grid taps should be
maintained equidistant from the center-tap
on the coil.
While capacitive coupling is simplest from
the viewpoint of construction, it has certain
disadvantages which may make it desirable to
use another form of coupling in many cases.
The input capacity of the amplifier is effectively shunted across at least a portion of the
preceding tank coil. When added to the output
capacity of the driver tube, this additional
capacity may be sufficient, in many cases, to
be of serious consequence in circuits for frequencies above about 7 Me.
Link Coupling

At the higher frequencies it is advantageous
to use separate tank circuits for the driver plate
and amplifier grid. This avoids paralleling the
tube capacities across one circuit, and when the
two are coupled through an unt,uned low-impedance transmission line, offers a ready means
for adjustment of coupling. This method of
coupling also has some constructional advantages, in that separate parts of the transmitter
may be constructed as separate units without
the necessity for running long leads at high r.f.
potential.
The form of transmission-line coupling utilizing a low-impedance line with coupling loops
of a turn or two at each end is popularly known
as "link" coupling. The transmission line may
be of any convenient length - from a few
without appreciable
inches to several feet
loss of power in the transfer.
Circuits for link coupling are shown in Fig.
509. The coupling ordinarily is by a turn or
two of wire, with ends connected to the twisted
pair, closely coupled to the tank inductance
at a point of low r.f. potential such as the
center of the coil of a balanced tank circuit,
or the "ground" end of the coil in a singleended circuit.
Because of the low impedance of the line,
one turn often suffices if the coupling is tight
enough; however, sometimes more than one is
needed for maximum power transfer. It is advisable, especially with high-power stages, to
have some means of varying the coupling between link and tank coil. The link turn may be
arranged to be swung in relation to the tank
coil or, when it consists of a large turn around
the outside of the tank coil, can be split into
two parttl which can be pulled apart or closed
somewhat in the fashion of a pair of calipers.

If the tank coils are wound on forms, the link

may be wound close to the main coil.
With fixed coupling, the only adjustment of
excitation is by varying the number of turns
on the link. If the coupling between link and
tank is variable. change of physical separa.tion
of the two coils also will give some adju;;tment
of excitation. In general the proper number of
turns for the link must be found by experiment.
Tetrode and Pentode Amplifiers

Since the input and output circuits of an r.f.
amplifier are tuned to the same frequency, it
will oscillate as a t.g.t.p. oscillator (see Chapter 3) unless some means is provided to reduce
the plate-to-grid capacity of the tube to a value
which will not permit sufficient feed-back, by
this means, for oscillation.
In all transmitting r.£. tetrodes and pent odes,
this capacity is reduced to a satisfactory degree
by the internal shielding between grid and
plate provided by the screen grounded for r.f.
It should be noted here that tetrodes and pentodes designed for audio use, such as the 6L6,
6V6, 6F6, etc., are not sufficiently well screened
for use as r.f. amplifiers without the introduction of other means of nullifying the effec't of
the grid-plate capacity.
Typical circuits of tetrode and pentode r.f.

!h~~
~ L;rr Lm~ ~rL
-c

tB

.B

-c

Fig. 509 - Link coupling, nsing a low-impedance
transmission line. The link may he twisted lamp rord or
consist of a pair of closely -~paced, but not twisted, wires.
A concentric line i. the best form.
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amplifiers are ehown in Fig. 510. The relative

Neutrali~ation

simplicity of the circuit used with these tubes
and the small driving power required are the
advantages over triode amplifiers. The high
power sensitivity of pentodes and tetrodes,
however, makes them prone to self-oscillate,
so that particular care must be used to prevent
feedback external to the tube itself.

On the other hand, speCial means must be
provided for nullifying the effects of grid-toplate capacity which would otherwise cause
self-oscillation. Nullification of these effects is
called neutralization.
Neutralization really amounts to taking
some of the radio-frequency voltage from the
output or input circuit of the amplifier and
introducing it into the other circuit in such a
way that it effectively "bucks" the voltage
operating through the grid-plate capacity of
the tube, thus rendering it impossible for the
tube to supply its own excitation. For complete neutralization it is necessary, therefore,
that the neutralizing voltage be opposite in
phase to the voltage through the grid-plate
capacity of the tube and be equal to it in
amplitude.
The out-of-phase voltage can be obtained
quite readily by using a balanced tank circuit
in either grid or plate, taking the neutralizing
voltage from the end of the tank opposite
that to which the grid or plate is connected.
The amplitude of the neutralizing voltage can
be regulated by means of a small condenser,
the neutralizing condenser, having the same
order of capacity as the grid-plate capacity of
the tube. Circuits in which the neutralizing
voltage is obtained from a balanced grid tank
and fed to the plate through the neutralizing
condenser are termed grid-neutralizing circuitl3, while if the neutralizing voltage is obtained from a balanced plate tank and fed to
the grid of the tube, the circuit is known as a
plate-neutralized circuit.
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Fig. 510 Tetrode·pentode r.f. amplifier circuits.
Cl - 0.01 lifd.; C, - 0.001 4d. or larger; Ga·L - See
section on tank-circuit design.
I n circuit~ for tetrodes, the 8uppressor",grid connec·
tion and by-pass are omitted.

Triode AmplHiers

Triodes of equivalent power output rating
are less expensive than tetrodes or pentodes.
Their input and output capacities are usually
lower, which may make them preferable at the
higher frequencies. Since the power sensitivity
is much lower, considerably greater driving
power is required, although, for the same reason, difficulties with stray couplings between
input and output circuits are reduced and the
absence of the screen-grid eliminates possible
trouble in grounding. The d.c. power which
must be wasted in operating the screen is
eliminated.
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Triode Amplifiers with Plate Neu.tralization

Typical triode amplifier circuits with plate
neutralization are shown in Fig. 51l-A, -B and
-C. In circuit A, the usual tank coil is extended
several turns to provide a "neutralizing coil"
which provides tht> out-of-phase voltage which
is fed back to the grid through the neutralizing
condenser CR< At B, the tank coil itself is split.
The balance can also be capacitive, by the use
of a split-stator tank condenser with grounded
rotor, as shown in C.
Triode AmpUfiers with Grid Neu.tralization

Typical circuits employing grid neutraliza_
tion are shown in Fig. 511-D, -E and -F. They
resemble those circuits with plate neutralization except that the neutralizing voltage is obtained from a balanced input tank and fed
to the plate of the tube. Circuit D is used with
capacity coupling between driver and amplifier.
Push-Pull Triode Amplifiers

Push-pull triode amplifiers employ what is
known as" cross-neutralization," the neutraliz-
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Fig. 511 - Triode amplifier circuits. Plate neutralization i8 shown in A. Band C, while D. E. and F show types
of grid neutralization. Capacitive or link coupling may he uaed with circuits of A. B or C.
C.L - See section on tank-circuit design.
CI - O.Oll'fd.
Ca·Lo
Grid tank circuit.
C2 - 0.001 ,.rd. or larger.
CN - Neutralizing condensers (tee te1t).

ing condensers being connected from grid of
one tube to plate of the other. Two circuits are
shown in Jt'ig. 512. In A, the voltage division
is by the inductive method, while capacitive
voltage division is used in the circuit of B.
With propel' physical arrangement of parts,
a more exact balance can be obtained with
push-pull than with a single tube because both
sides of the circuit are symmetrical. Hence these
circuits are often easier to neutralize than
single-tube circuits.
Comparison of Neutrali:zinll Circuits

Plate neutralization is usually to be preferred
to grid neutralization because it is more difficult to maintain an accurate balance in the grid
circuit with one side of the circuit heavily
loaded when the tube draws grid current.
Of the plate neutralizing circuits, the one of
Fig. 511-C is preferred because with inductive
voltage division, exact neutralization can be
obtained at only one frequency. The splitstator circuit also has the advantages that the
input capacity of the tube is reduced, harmonics are more effectively suppressed and "handcapacity effects" of an ungrounded condenser
Fig. 512 - Push.pull triode amplifier circuit. with
n Either eapaeitive or link eon·'Cl088 ..neutralir.ation ..
piing may he used.
CoL - See section on tank-circuit design.
Co Neutralizing condensers (see tes.t).
Cl - 0.01 ,.rd.
Cs - 0.001 ,.td. or larget.
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shaft are avoided. While an amplifier using the
circuit ot B may appear easier to drive compared to circuit C because of effects of regeneration when the tank circuit of B is tuned
slightly off resonance, with proper neutralization, there should be no difference. With pushpull amplifiers, the circuit of Fig. 512-B is also
preferred for the same reasons.
Neutralizind, Condensers

In most cases the neutralizing voltage will be
equal to the r.f. voltage between the plate and
grid of the tube so that for perfect balance the
capacity required in the neutralizing condenser
theoretically will be equal to the grid-plate
capacity of the tube being neutralized. If, in
the circuits having tapped tank coils, the tap is
more than half the total number of turns from
the plate end of the coil, the required neutralizing capacity will increase approximately in
proportion to the relative number of turns in
the two sections of the coil.
For those tubes having grid and plate connections brought out through the bulb, a condenser having at about half-scale or less a
capacity equal to the grid-plate capacity of
the tube should be chosen. Where the grid and
plate leads are brought through a common
base, the capacity needed is greater because
the tube socket and its associated wiring adds
some capacity to the actual inter-element
capacities. In such cases a slightly larger condenser should be used.
When two or more tubes are connected in
parallel, the neutralizing capacity required
will be in proportion to the number of tubes.
Tank-Circuit Desid,n

So far as the plate efficiency of the tube Itself
is concerned, it does not matter how the load
resistance is obtained; that is, the tube will
work equally well into an actual resistor or into
a tank circuit having any practicable constants
so long as the resistance or impedance represented by the tank is the desired value. However, the distribution of the power output between the tank circuit and the load is affected
by the inherent (unloaded) impedance of the
tank circuit.
The impedance of the unloaded tank circuit
at resonance is equal to LICR, where L is the
inductance, C the capacity, and R the effective
resistance. The higher the ratio of the unloaded
tank impedance to the optimum load impedance for the tube, the greater the proportion of
power transferred to the load. The impedance
of the tank alone should be at least ten times
the optimum load impedance for high transfer
efficiency. The unloaded tank impedance can
be made high in two ways: by lowering the
resistance through the construction of low-loss
coils and by careful placement of parts, or by
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ralSlng the L-C ratio. With practicable circuits, it is much easier to obtain high tank
impedance by using a high L-C ratio than by
attempting to reduce the resistance, although
every effort should of course be made to reduce
losses.
Tank Impedance and Harmonic Output

When a high-impedance tank circuit is used,
along with high grid bias and large values of
excitation voltage, a large proportion of the
power output is on harmonics of the fundamental frequency.
Should the circuit conditions be such that
the harmonics cause circulating currents, there
is a power loss which reduces the overall efficiency of the amplifier. In general, it will be
found that any means employed in the output
circuit to reduce harmonics also will result in
an improvement in efficiency. A fair amount
of flywheel effect also improves the stability
of the amplifier and makes its tuning more
satisfactory.
Because harmonic reduction calls for considerable flywheel effect, and consequently for
a fairly large ratio of capacity to inductance,
while high transfer efficiency requires high unloaded tank impedance (high L-C ratio) in
practice a compromise must be made between
these two conflicting factors.
The amateur is chiefly concerned with the
harmonic energy radiated because of the danger
of interference to services operating in frequencies not assigned to amateurs. The radiation of harmonics is influenced by the type of
antenna, its feed system, and the method of
coupling between the antenna system and the
final amplifier as well as the tank-circuit L-C
ratio and the excitation voltage so that it is
obviously impossible to fix rigid rules for determining the value of capacity to be used in
the tank circuit. Some sort of compromise is
struck by basing tank-capacity calculations
on a circuit" Q" of 12. Too much faith should
not be placed in this figure, however, because
it does not take into consideration wave shape
upon which the harmonic content in the output chiefly depends. It represents a fair average, however, and if serious harmonic radiation is experienced, it can usually be reduced
satisfactorily by proper adjustment of the antenna system and its coupling to the final amplifier. (See Chaps. 14. and 22.)
The capacity required to give a "Q" of 12
may be determined from the chart of Fig. 513.
It is necessary only to know the plate voltage
and plate current in mil.. at which the amplifier
is to operate. If a push-pull amplifier is used, or
the tank coil tapped at the center or a splitstator condenser used for neutralizing, the
total tank capacity may be reduced to onequarter of the values given by the graph. This
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means that the capacity of each section of a
split-stator condenser will be one-half of the
capacity shown by the graph. In determining
the ratio of plate voltage to plate current, it
should be remembered that the plate current
of tubes in parallel or push-pull will be twice
that of a single tube.
As an example, a beam tube, not requiring
a balanced tank circuit for neutralization, operating at 1000 volts, 100 mao (ratio 10/1)
will require a tank capacity of 100 Illlfds. for
3.5 Mc. Two similar tubes in parallel (200 mao
ratio 5/1) will require 200 Illlfds. Two similar tubes in push-pull (ratio 5/1) will require
a total tank capacity of 2~ or 50 Illlfds. and
if a split-stator condenser is used, the capacity
should be 100' Illlfds. per section.
As a second example, a triode requiring a
balanced tank circuit for neutralization op-

erating at 1000 volts, 100 mao (ratio 10/1)
will require a total capacity of 25 Illlfds. or 50
Illlfds. per section if a split-stator condenser is
used. Two similar triodes in parallel (ratio
5/1) will require a total of 50 "Ilfds. or 100
""fds. per section if a split-stator condenser is
used. Two similar triodes in push-pull (ratio
5/1) will require the same capacities.
Reasonable departures from these figures
would not affect the operation of the amplifier
appreciably. An increase in capacity will
cause some decrease in both transfer efficiency
and harmonic output, while a decrease in the
capacity will have the opposite effects. The
increase in harmonic radiation with less capacity might be controlled by proper antenna
coupling.
Tank-Condenser Voltage Rating

The peak voltage to be expected between
the plates of a tank condenser depends upon
the arrangement of the tank circuit as well as
the d.c. plate voltage of the tube or tubes in
use. Peak voltage may be determined from
Fig. 514 which shows all of the commonly used
tank-circuit arrangements. These estimates of
voltage assume that the amplifier is loaded.
Since a C. W. amplifier may be tuned up without load with a resulting rise in peak d. voltage, while a modulated amplifier should never
be operated without load, the voltage for
phone should be used in selecting a suitable
tank condenser for either C.W. or phone unless
tuning of the c.w.amplifier is done at reduced
plate voltage. The figures include a reasonable
factor of safety.
The spacing required to withstand any particular voltage will vary with the construction
of the condenser. Most manufacturers specify
peak voltage ratings for their condensers.
Determining Inductance

15

20

Fig. 513. - Chart .howing tank-eapacities required
for "Q" of 12 with various ratios of plate voltage. to
plate current for various frequencies. In circuits F G
H (Fig. 514), the capacities shown in the graph ma; b~
divided by four. In circuits C, D, E. I, J and K the
capacity .of each ecction of the split.stator oond~nser

may be one-half that shown by the graph. Values pven
by the graph should be used for circuits A and B.

Once the required tank capacity and frequency are determined, the tank coil dimensions can be found. This may be done with the
help of the L-C and inductance formulas in
Chapter 20, or if standard coil forms are used,
the charts of Figs. 516 and 517 will give the
required number of turns directly. Using the
chart which applies for the type of coil form
or coil in question, read on the appropriate
frequency curve the number of turns required
for the tank capacity value already determined.
The optimum tank LC ratio will result.
Fig. 516 is for coils wound on receiving-type
forms having a diameter of 1 Y2 inches and
ceramic forms having a diameter of 1 % inches
and winding length of 3 inches (National
XR13). Such coils would be suitable for oscillator and buffer stages where the power to
be carried is not over 50 watts. In all cases the
number of turns given must be wound to fit
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a better circuit balance. The circuits of E and
F are designed for coupling to a push-pull
stage.
In A, B, E and F, excitation is adjusted by
moving the tap on the coil, greater excitation
up to the limit of the driver being obtained by
:moving the tap nearer the plate end of the
coil. In E and F, the two grid taps should be
maintained equidistant fro:m the center-tap
on the coil.
While capacitive coupling is simplest fro:m
the viewpoint of construction, it has certain
disadvantages which may :make it desirable to
use another form of coupling in :many cases.
The input capacity of the amplifier is effectively shunted across at least a portion of the
preceding tank coil. When added to the output
capacity of the driver tube, this additional
capacity may be sufficient, in many cases, to
be of serious consequence in circuits for frequencies above about 7 Mc.
Link Coupling
At the higher frequencies it is advantageous
to use separate tank circuits for the driver plate
and amplifier grid. This avoids paralleling the
tube capacities across one circuit, and when the
two are coupled through an untuned low-i:mpedance transmission line, offers a ready means
for adjustment of coupling. This :method of
coupling also has so:me constructional advantages, in that separate parts of the transmitter
:may be constructed as separate units without
the necessity for running long leads at high d.
potential.
The form of trans:mission-line coupling utilizing a low-impedance line with coupling loops
of a turn or two at each end is popularly known
as "link" coupling. The transmission line may
be of any convenient length
from a few
inches to several feet - without appreciable
loss of power in the transfer.
Circuits for link coupling are shown in Fig.
509. The coupling ordinarily is by a turn or
two of wire, with ends connected to the twi~ted
pair, closely coupled to the tank inductance
at a point of low d. potential such as the
center of the coil of a balanced tank circuit,
or the "ground" end of the coil in a singleended circuit.
Because of the low i:mpedance of the line,
one turn often suffices if the coupling is tight
enough; however, sometimes more than one is
needed for maximum power transfer. It is advisable, especially with high-power stages, to
have so:me means of varying the coupling between link and tank coil. The link turn may be
arranged to be swung in relation to the tank
coil or, when it consists of a large turn around
the outside of the tank coil, can be split into
two parts which can be pulled apart or closed
so:mewha.t in the fashion of a. pair of calipeI"ll.

If the tank coils are wound on for:ms, the link
may be wound close to the main coil.
With fixed coupling, the only adjustment of
excitation is by varying the number of turns
on the link. If the coupling between link and
tank is varia hie. change of physical separation
of the two coils also will give some adiust:ment
of excitation. In general the proper number of
turns for the link must be found by experiment.
Tetrode and Pentode Amplifiers

Since the input and output circuits of an r.f.
amplifier are tuned to the sa:me frequency, it
will oscillate as a t.g.t.p. oscillator (see Chapter 3) unless some :means is provided to reduce
the plate-to-grid capacity of the tube to a value
which will not per:mit sufficient feed-back, by
this :means, for oscillation.
In all trans:mitting d. tetrodes and pentodes,
this capacity is reduced to a satisfactory degree
by the internal shielding between grid and
plate provided by the screen grounded for r.f.
It should be noted here that tetrodes and pentodes designed for audio use, such as the 6L6,
6V6, 6F6, etc., are not sufficiently well screened
for use as r.f. a:mplifiers without the introduction of other :means of nullifying the effec't of
the grid-plate capacity.
Typical circui~ of tetrode and pentode r.f.

(~~~
~) l;~ ~rLlink

+8

-c.

AMP.

DRIVER

+8

Fig. 509 - Link coupling, using a low-impedance
trall.missioll line. The link may be twisted lamp cord or

consist of a pair of clo!lely-~paced, but not twisted,
A concentric lille i. tbe best form.
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flomplifierfl ILre flhown in Fig. :)10. The relative

Neutralization

simplicity of the circuit used with these tubes
and the small driving power required are the
advantages over triode amplifiers. The high
power sensitivity of pentodes and tetrodes,
however, makes them prone to self-oscillate,
so that particular care must be used to prevent
feedback external to the tube itself.

On the other hand, special means must be
provided for nullifying the effects of grid-toplate capacity which would otherwise cause
self-oscillation. Nullification of these effects is
called neutralization.
Neutralization really amounts to taking
some of the radio-frequency voltage from the
output or input circuit of the amplifier and
introducing it into the other circuit in such a
way that it effectively "bucks" the voltage
operating through the grid-plate capacity of
the tube, thus rendering it impossible for the
tube to supply its own excitation. For complete neutralization it is necessary, therefore,
that the neutralizing voltage be opposite in
phase to the voltage through the grid-plate
capacity of the tube and be equal to it in
amplitude.
The out-of-phase voltage can be ohtained
quite readily by using a balanced tank circuit
in either grid or plate, taking the neutralizing
voltage from the end of the tank opposite
that to which the grid or plate is connected.
The amplitude of the neutralizing voltage can
be regulated by means of a small condenser,
the neutralizing condenser, having the same
order of capacity as the grid-plate capacity of
the tube. Circuits in which the neutralizing
voltage is obtained from a balanced grid tank
and fed to the plate through the neutralizing
condenser are termed grid-neutralizing circuit"" while if the neutralizing voltage is obtained from a balanced plate tank and fed to
the grid of the tube, the circuit is known as a
plate-neutralized circuit.

L

10 %~d'/;n9
B/as

circuits

.J.50tEEN "'SUP!'
VOi.fA6E VOLT

SINGLE -TUBE OR PARALLEL

1 rU!J
iTIb'l
BIAS

,

PUSH

t

p;
+SUP +S(R
V,

;-

HV

V

PULL

Fig. 510
Tetrode-pentodc r.f. amplifier circuits.
CI - 0.01 "fd.; C2 0.001 "rd. or larger; Ca-£. - See
section on tank..cireuit design ..
In circnitl'l for tetrodes~ the suppressor .. grid connec..
tion and hy-pass are omitted.

Triode Amplifiers

Triodes of equivalent power output rating
are less expensive than tetrodes or pentodes.
Their input and output capacities are usually
lower, which may make them preferable at the
higher frequencies. Since the power sensitivity
is much lower, considerably greater driving
power is required, although, for the same reason, difficulties with stray couplings between
input and output circuits are reduced and the
absence of the screen-grid eliminates possible
trouble in grounding. The d.c. power which
must be wasted in operating the screen is
eliminated.
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Triode Amplifiers with Plate Neutralization
Typical triode amplifier circuits with plate
neutralization are shown in Fig. 511-A, -B and
-C. In circuit A, the usual tank coil is extended
several turns to provide a "neutralizing coil"
which provides thE' out-of-phase voltage which
is fed back to thE' grid through the neutralizing
condenser Cft. At B, the tank coil itself is split.
The balance can also be capacitive, by the use
of a split-stator tank condenser with grounded
rotor, as shown in C.
Triode Amplifiers with Grid Neutralization
Typical circuits employing grid neutraliza_
tion are shown in Fig. 511-D, -E and -F. They
resemble those circuits with plate neutralization except that the neutralizing voltage is obtained from a balanced input tank and fed
to the plate of the tube. Circuit D is used with
capacity coupling between driver and amplifier.
Push-Pull Triode Amplifiers
Push-pull triode amplifiers employ what is
known as "cross-neutralization," the neutraliz-
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Fig. 511
Triode amplifier circuits. Plate neutralization is shown in A, Band C, while D, E, and F show types
of grid neutralization. Capacitive or link coupling may be used with circuits of A, B or C.
C·L - See section on tank-circuit design.
Cl - 0.01 I'fd.
~·k - Grid tank circuit.
Qa
0.001 ~d. or larger.
CN
Neutralizing condensers (see text).

ing condensers being connected from grid of
one tube to plate of the other. Two circuits are
shown in Fig. 512. In A, the voltage division
is by the inductive method, while capacitive
voltage division is used in the circuit of B.
With proper physical arrangement of parts,
a more exact balance can be obtained with
push-pull than with a single tube because both
sides of the circuit are symmetrical. Hence these
circuits are often easier to neutralize than
single-tube circuits.
Comparison of Neutralizing Circuits
Plate neutralization is usually to be preferred
to grid neutralization because it is more difficult to maintain an accurate balance in the grid
circuit with one side of the circuit heavily
loaded when the tube draws grid current.
Of the plate neutralizing circuits, the one of
Fig. 511-C is preferred because with inductive
voltage division, exact neutralization can be
obtained at only one frequency. The splitstator circuit also has the advantages that the
input capacity of the tube is reduced, harmonics are more effectively suppressed and "handcapacity effects" of an ungrounded condenser
Fig. 512 - Push.pull triode amplifier cireuits with
.. erose.neutralizatioD." Either eapacitive or link cou.
piing may be used.
C.L - See section on tank-circuit de.ign.
Neutralizin g condensers (see text).
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shaft are avoided. While an amplifier using the
circuit ot 13 may appear easier to drive compared to circuit C because of effects of regeneration when the tank circuit of B is tuned
slightly off resonance, with proper neutralization, there should be no difference. With pushpull amplifiers, the circuit of Fig. 512-B is also
preferred for the same reasons.
Neutralizing Condensers
In most cases the neutralizing voltage will be
equal to the d. voltage between the plate and
grid of the tube so that for perfect balance the
capacity required in the neutralizing condenser
theoretically will be equal to the grid-plate
capacity of the tube being neutralized. If, in
the circuits having tapped tank coils, the tap is
more than half the total number of turns from
the plate end of the coil, the required neutralizing capacity will increase approximately in
proportion to the relative number of turns in
the two sections of the coil.
For those tubes having grid and plate connections brought out through the bulb, a condenser having at about half-scale or less a
capacity equal to the grid-plate capacity of
the tube should be chosen. Where the grid and
plate leads are brought through a common
base, the capacity n~eded is greater because
the tube socket and its associated wiring adds
some capacity to the actual inter-element
capacities. In such cases a slightly larger condenser should be used.
When two or more tubes are connected in
parallel, the neutralizing capacity required
will be in proportion to the number of tubes.
Tank. Circuit Design
So far as the plate efficiency of the tube itself
is concerned, it does not matter how the load
resistance is obtained; that is, the tube will
work equally well into an actual resistor or into
a tank circuit having any practicable constants
so long as the resistance or impedance represented by the tank is the desired value. However, the distribution of the power output between the tank circuit and the load is affected
by the inherent (unloaded) impedance of the
tank circuit.
The impedance of the unloaded tank circuit
at resonance is equal to LICR, where L is the
inductance, C the capacity, and R the effective
resistance. The higher the ratio of the unloaded
tank impedance to the optimum load impedance for the tube, the greater the proportion of
power transferred to the load. The impedance
of the tank alone should be at least ten times
the optimum load impedance for high transfer
efficiency. The unloaded tank impedance can
be made high in two ways: by lowering the
resistance through the construction of low-loss
coils and by careful placement of parts, or by
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ralsmg the L-C ratio. With practicable circuits, it is much easier to obtain high tank
impedance by using a high L-C ratio than by
attempting to reduce the resistance, although
every effort should of course be made to reduce
losses.
Tank lznpedance and Harmonic Output
When a high-impedance tank circuit is used,
along with high grid bias and large values of
excitation voltage, a large proportion of the
power output is on harmonics of the fundamental frequency.
Should the circuit conditions be such that
the harmonics cause Circulating currents, there
is a power loss which reduces the overall efficiency of the amplifier. In general, it will be
found that any means employed in the output
circuit to reduce harmonics also will result in
an improvement in efficiency. A fair amount
of flywheel effect also improves the stability
of the amplifier and makes its tuning more
satisfactory.
Because harmonic reduction calls for considerable flywheel effect, and consequently for
a fairly large ratio of capacity to inductance,
while high transfer efficiency requires high unloaded tank impedance (high L-C ratio) in
practice a compromise must be made between
these two conflicting factors.
The amateur is chiefly concerned with the
harmonic energy radiated because of the danger
of interference to services operating in frequencies not assigned to amateurs. The radiation of harmonics is influenced by the type of
antenna, its feed system, and the method of
coupling between the antenna system and the
final amplifier as well as the tank-circuit L-C
ratio and the excitation voltage so that it is
obviously impossible to fix rigid rules for determining the value of capacity to be used in
the tank circuit. Some sort of compromise is
struck by basing tank-capacity calculations
on a circuit "Q" of 12. Too much faith should
not be placed in this figure, however, because
it does not take into consideration wave shape
upon which the harmonic content in the output chiefly depends. It represents a fair average, however, and if serious harmonic radiation is experienced, it can usually be reduced
satisfactorily by proper adjustment of the antenna system and its coupling to the final amplifier. (See Chaps. 14 and 22.)
The capacity required to give a "Q" of 12
may be determined from the chart of Fig. 513.
It is necessll.ry only to know the plate voltage
and plate current in mil.. at which the amplifier
is to operate. If a push-pull amplifier is used, or
the tank coil tapped at the center or a splitstator condenser used for neutralizing, the
total tank capacity may be reduced to onequarter of the values given by the graph. This
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means that the oapacity of each section of a
split-stator condenser will be one-half of the
oapacity shown by the graph. In determining
the ratio of plate voltage to plate ourrent, it
should be remembered that the plate current
of tubes in parallel or push-pull will be twice
that of a single tube.
As an example, a beam tube, not requiring
a balanced tank circuit for neutralization, operating at 1000 volts, 100 mao (ratio 10/1)
will require a tank capacity of 100 }.<}.<fds. for
3.5 Mc. Two similar tubes in parallel (200 mao
-- ratio 5/1) will require 200 }.<}.<fds. Two similar tubes in push-pull (ratio 5/1) will require
a total tank capacity of ~O or 50 }.<}.<fds. and
if a split-stator condenser is used, the capacity
should be 100' ",,,,fds. per section.
As a second example, a triode requiring a
balanced tank circuit for neutralization op-

"I\,.

"'\

1~~==~==t=~=t~i=:t=+:ti=t+I=='~,t=~

Br---+--r-+-+-r+-+-+-~+4--~~,~
7r----r--r--r-r-r+--r-t-r~t+----~~,

61L---~--2L--J--3L-~4--5L-L6-7~8-~~IO----IL5~20
RATIO

PiATE IIOLTS

PLATt; MA,

Fig. 513. - Chart showing tank...,apacities required
for "Q" of 12 with various ratios of plate voltage· to
plate current for various frequencies. In circuits F, G,
H (Fig. 514), the capacities shown in the graph may be
divided by four. In circuits C, D, E, I, J and K, the
capacity ,of each section of the split ....tator condenser

mllY be one-half that shown by the KI'aph. Vlliull3 givcn
by the graph should be used for circuits A and B.

erating at 1000 volts, 100 rna. (ratio 10/1)
will require a total capacity of 25 ",,,,fds. or 50
",,,,fds. per section if a split-stator condenser is
used. Two similar tricdes in parallel (ratio
5/1) will require a total of 50 }.<}.<fds. or 100
",,,,fds. per section if a split-stator condenser is
used. Two similar triodes in push-pull (ratio
5/1) will require the same capacities.
Reasonable departures from these figures
would not affect the operation of the amplifier
appreciably. An increase in capacity will
cause some decrease in both transfer efficiency
and harmonic output, while a decrease in the
capacity will have the opposite effects. The
increase in harmonic radiation with less capacity might be controlled by proper antenna
coupling.
Tank-Condenser Voltage Rating
The peak voltage to be expected between
the plates of a tank condenser depends upon
the arrangement of the tank circuit as well as
the d.c. plate voltage of the tube or tubes in
use. Peak voltage may be determined from
Fig. 514 which shows all of the commonly used
tank-oircuit arrangements. These estimates of
voltage assume that the amplifier is loaded.
Since a c.w. amplifier may be tuned up without load with a resulting rise in peak d. voltage, while a modulated amplifier should never
be operated without load, the voltage for
phone should be used in selecting a suitable
tank condenser for either C.w. or phone unless
tuning of the c.w.amplifier is done at reduced
plate voltage. The figures include a reasonable
factor of safety.
The spacing required to withstand any particular voltage will vary with the construction
of the condenser. Most manufacturers specify
pea.k voltage ratings for their condensers.
Determining Inductance
Once the required tank capacity and frequency are determined, the tank coil dimensions can be found. This may be done with the
help of the L-C and inductance formulas in
Chapter 20, or if standard coil forms are used,
the charts of Figs. 516 and 517 will give the
required number of turns directly. Using the
chart which applies for the type of coil form
or coil in question, read on the appropriate
frequency curve the number of turns required
for the tank capacity value already determined.
The optimum tank LC ratio will result.
Fig. 516 is for coils wound on receiving-type
forms having a diameter of 172 inches and
ceramic forms having a diameter of 1 %:' inches
and winding length of 3 inches (National
XR13). Such coils would be suitable for oscillator and buffer stages where the power to
be carried is not over 50 watts. In all cases the
number of turns given must be wound to fit
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In circuits A, B, C. D and E, the peak voltage E will he equal to the d.c. plate voltage applied for
c.w. or twice this value for phone. In cireuits F, G, H, I. J and K, Ihe peak voltage E will be twice the d.e. plate
voltage for e.w. or 4 times the plate voltage for phone. Circuit is assumed to he loaded (see te"lt). Tuhe. in parallel
in any o£ the circuits will not affect the peak voltage. Circuits A, C, E, F, G and H require that the tank condenser
be insulated from chaB.i. or ground and be provided with a suitably insulated shaft coupling.
FiB. 514 -

the length indicated; the turns should be
spaced out evenly either by windhlg wire or
string of suitable size between turns, or, in the
case of those having few turns, by hand.
Fig. 517 gives data on coils wound on transmitting-type ceramic forms. Five popular
types of forms are indicated. In the case of the
smallest form, extra curves are given for
double-spacing; that is, winding turns in alternate grooves. This is sometimes advisable
in the case of 14- and 28-Mc. coils when only
a few turns are required. In all other cases it
is assumed that the speCified number of turns
is wound in the grooves without any additional
spacing. Notes on eoil construction will be
found in Chapter 7.
Values and

Vo1ta~e Ratin~8
Couplin~

of By-Pa88 and

Conden8er8

Plate- or screen-circuit by-pass condensers
of 0.001 pfd. should be satisfactory for frequencies as low as 1.7 Mc. The capacity
should not exceed 0.002 pfd. if connected
across a modulated circuit. Cathode-resistor
and filament by-passes in d. circuits should be
not less than 0.01 pfd. Condensers should have

r
c

FiB. 515 - Use of blocking
condenser permits smaller plate
spacing with 8plit..tator condens.
ers. C should have a capacity of
0.001 to 0.002 lifd. and a voltage
rating 3 to 4 times the d.e. volt.
age. Conden_ comrol mUll II.

.uilably in.ulated.

+H.V.

82

CHAPTER FIVE

voltage ratings 25 to 50% greater than the
d.c. voltage across them except in modulated
circuits where the voltage rating should be
two to three times the d.c. voltage. Blocking
condensers may have capacities of 0.0005 pfd.
or more with voltage ratings similar to those
for by-pass condensers.
Coupling condensers should have voltage
ratings equal to 50 to 100% more than the
sum of the driver plate and amplifier biasing
voltages. Values run from 0.002 to 0.00005
pfd. or less, depending upon requirements.
Excitation Requirements
The amount of driving power which will be
required for any particular tube depends upon
several factors. If the amplifier is heavily
loaded, it will require more driving power to
maintain the same plate efficiency of a more
lightly loaded amplifier. If high plate-circuit
efficiency is desired, greater driving power will
be required than if the tube is operated at
moderate plate efficiency. In general, greater
driving power will be required as the frequency
of operation increases because of higher circuit
and tube losses. The required driving power
will also vary depending upon whether or not
the amplifier is to be modulated and, if so,
upon the system of modulation used.
Beam-type tetrodes and pentodes require
very little driving power (1 to 15 watts) while
high-power triodes used in amateur transmitters may require a driver delivering as much as
100 watts or more.
Fig. 518 illustrates how the driving power required varies with plate-circuit efficiency. The
curves are typical of triodes. Fixed values of
load-resistance and grid bias are assumed. The
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Fig. 516
Coil-wind.
ing data for receiving250
type forms, diameter 172
inches. Curve A - wind';):j 200
ing length, one inch;~
Curve B - winding length. ~'50
1 ~ inches; Curve C - ~
winding length. 2 inches. ~
After determining the ... ,00
numher of turns for the ~ 90
capacity and frequency \:::: 80
band to be used. consult IJ 70
the wire table in Chapter ~ &0
Twenty to find the wire ~
size which will fit in the \J 50
space available. No. 18 ~ 40
wire is about the largest ~ 35
size that need be used; ~ 30
larger sizes are difficult to;:"i 25
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curves show that output and efficiency increase
rapidly at first as the excitation is increased,
then more slowly. The grid driving power
curve rises rapidly beyond the maximum
power amplification ratio, showing that a
relatively large increase in excitation is necessary to produce a comparatively small increase
in power output and efficiency once the optimum point
just to the right of the bend in
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the output and efficiency curves - is passed.
Assuming fixed plate voltage and load resistance. there is an optimum bias value which
will give best results for every value of excitation voltage. The greater the excitation, the
greater should be the bias. The power consumed in the amplifier grid circuit also is
greater under these conditions. The grid power,
furnished by the driver, is dissipated in the

Fig. 517 - Coil.wind.
ing data for ceramic trans·
mitting-type forms. Curve
A
ceramic form 272'
inch effective diameter. 26
grooves, 7 per inch; Curve
B - same as A. but with
turns wound in alternate
grooves; Curve C - ceramic form 2J1i.inch effective diameter, 32 grooves,
7.1 turns per inch, app.;
Curve D - ceramic form
4.inch effective diameter,
28 grooves, 5.85 turns per
inch, app.; Curve E
ceramic form 5-inch effee.
tive diameter, 26 grooves.
i per inch. Coil. may be
+-+--t--l--+-++---4H~--I wound with No. 12 or No.
14 wire.
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an input of only 333 watt8, giving an output of
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Fig. 518 - Effect of grid excitation on power amplilier performance.

grid-filament circuit of the tube, appearing as
heat at the grid, in the bias supply, and also,
particularly at the higher frequencies, as
dielectric loss in the glass of the tube.
In the case of the beam tetrodes and pentodes, the power output may actually decrease
after excitation exceeds a rather critical value.
Since the driving power required by tubes of
these types is quite small, care must be taken
to avoid over-driving. (Bib. 3).
Measureznent of Excitation

Measurement of the d. excitation voltage is
difficult without special apparatus such as a
vacuum-tube voltmeter, so it· is customary to
take the rectified current as a measure of
the r.r. voltage and power supplied to the grid
circuit of the amplifier. Under a given set of
conditions, the higher the grid current the
greater is the excitation voltage. However, a
change in load resistance or a change in fixed
bias or grid-leak resistance will cause a change
in the value of d.c. grid current for the same
excitation voltage, so that readings taken
under different operating conditions are not
comparable.
Efficiency and Output

The attainable plate efficiency is of great
importance in determining the operating conditions for the amplifier. If the safe plate dissipation rating of the tube were the only consideration, it would be desirable to obtain the
highest possible plate efficiency, since the
power output would be limited solely by the
efficiency. For example, a tube having a plate
dissipation rating of 100 watts operating at
a plate efficiency of 90% could handle an input
of 1000 watts, giving 900 wat,ts output, while
the same tube at 70% efficiency could handle
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233 watts. The plate dissipation - the difference between input and output - is the same
in both cases, 100 watts.
There are other considerations, however,
which limit the useful plate effiCiency. Assuming that the total plate input is not to exceed the manufacturer's ratings for the tube,
the difference between 70% and 90% efficiency
is not so great. For instance, taking the same
100 watt tube and assuming that the 70%
efficiency condition corresponds with the ratings, an efficiency of 90% would increase the
output to only 300 watts (333 watts input).
The additional 67 watts of output, an increase
of about 27%, would require inordinately
large driving power because, as shown by
Fig. 518, the efficiency increases very slowly
beyond the optimum point, while the reverse
is true of the driving power required.
A second factor which limits the usable efficiency is the fact that high values of efficiency
are attained only through the use of high
values of load resistance, which in turn requires the use of very high plate voltage. Not
all tubes are suited to operation at plate voltages much above their normal ratings, while
from an economic standpoint a high-voltage
power supply may represent greater cost than
the installation of a second tube operating
at lower voltage to give the same order of
total power output, but at lower plate efficiency.
Grid Bias

For efficient tube operation, it is essential
that plate current be drawn in pulses which
occupy only a small part of the complete d.
cycle, and that the peak value of the plate
current pulse be several times the average d.c.
plate current value as read by a milliammeter.
This requirement is met by using grid bias
considerably larger than that necessary to cut
off plate current (without excitation) at the
operating d.c. plate voltage. It is customary to
operate with grid bias equal to twice the cutoff value, and where higher than ordinary
efficiency is to be obtained, with even larger
values. This method of operation requires correspondingly large grid excitation voltage and
power.
Maximum plate efficiency will result when
high bias, large excitation power, and a high
value of load resistance or impedance are used.
If the excitation is low, both grid bias and
plate load impedance must be reduced for
maximum output, although the efficiency will
be comparatively low. The greatest power amplification ratio and maximum output with
small excitation usually result when the bias
is set at the cut-off value. Under these conditions the plate efficiency seldom exceeds fifty
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to sixty per cent. Plate efficiencies of 75% are
usual when the bias is twice cut-off and the
tube is adequately excited.
Amplifier Loading

The plate tank circuit, together with the
apparatus coupled to it (an antenna or following amplifier stage) constitutes the plate load
for the tube. When the tank is tuned to resonance with the exciting frequency, it is practically equivalent to resistance only, so that it
is customary to refer to the load circuit as a
resistance or impedance. The value of equivalent resistance represented by the tank circuit
is dependent upon the ratio of inductance
to capacity, upon the inherent d. resistanee of the coil and condenser making up
the tank, and upon the effective resistance
coupled into the tank from the external circuit
to which it is supplying power. The tank resistance or impedance decreases as the coupling
to the external circuit is increased, and also
decreases as the ratio of inductance to capacity
is decreased.
The value of load resistance or impedance
which will give optimum power output and
efficiency depends upon the grid bias and excitation voltage.

secured on higher-frequency bands than that
for which the crystal is cut. Although crystals
are available for fundamental operation on
frequencies as high as the 28-Mc. band, the
relatively lower cost of the 1. 75-, 3.5- and 7Mc. crystals favors the use of these crystal frequencies, with frequency multipliers for the
other bands. In addition, usually it is more
convenient, as well as less expensive, in multiband transmitters to have all crystals ground
for one low-frequency band.
The frequency multiplier or harmonic generator is a tube having its plate tank circuit
tuned to a harmonic of the frequency applied
to its grid. Otherwise, the circuit is the same
as that of an ordinary power amplifier. Its
effectiveness as a gencrator of harmonics
depends upon the tube characteristics and
the way in which it is operated. Since the
amateur bands are in even-harmonic relation,
the harmonics of chief interest are the second,
fourth, eighth, and so on. In practice. the
frequency multiplier is inefficient on harmonics
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Output Coupling

Coupling systems for use between amplifier
stages have already been discussed. Many arrangements have been devised for coupling the
output of an amplifier to the antenna system.
The system most suitable for the purpose will
depend chiefly upon the details and characteristics of the antenna system and will be taken
up in detail in the section on antennas. Either
capacitive or inductive forms of coupling may
be used, but the latter are preferred because of
their discrimination against the transference of
energy at harmonic frequencies. The antenna
itself (the radiating portion of the antenna system) is mrely coupled directly to the output of
the amplifier except at the lower frequencies.
At the higher frequencies, a transmission line
of some sort is used between the transmitter
output circuit and the antenna.
Part of the transmission line or antenna may
be in the form of a coil coupled to the outputamplifier tank circuit. A low-impedance line
similar to that used in interstage link coupling
may be used to couple the amplifier tank circuit to a separate tank circuit which, in turn,
is connected to the antenna or transmission
line. Sometimes a low-pass filter is used to
couple the output tank circuit to the antenna
system.
• FREQUENCY MULTIPLICATION

Frequency multipliers are universally used

ill amatel.l r tral1smitters so that output can be,
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~
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B
Fig. 519 ~ }'requency.multiplying circuit•. A sbow.
circuit for single or parallel tubcs. Tbe arrangement at
B is known as tbe "pusb-push" doubler circuit. Eitber
capacitive Or link coupling may be used.
C-L -"Thc tank circuit with frequency multipliers
should have low values of C. C should be about 50 I'l'fd .
for the lower frequene.'co and about 25 I'l'fd. at 14 Me.
and higher frequencies. Coil dimensions may be selected

from the graphs of Figs. 516 and 517. CI - 0.01 /lfd.;
(::2

O.OOll'fd. or larger.
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higher than the second, so the second-harmonic
multiplier or doubler is in most common use.
Since the input and output circuits of a
doubler are not tuned to the same frequency
there is no tendency toward self-oscillation,
even with unneutralized triodes. Neutralization of doublers is quite common, however,
because the same stage often is used as a
straight amplifier; in addition, neutralization
may actually improve the efficiency.
Doubler Operating Conditions
To obtain maximum output and efficiency
from the doubler it is necessary to use high
negative grid bias on the tube - considerably
more than double cut-off - and excite it with
a correspondingly high radio-frequency voltage. This accentuates harmonic generation in
the plate circuit. A low-C tank in the plate
circuit is also desirable. In general, a tube having a relatively large amplification factor is to
be preferred as a doubler because relatively
low bias and excitation voltage will give high
distortion. Pentodes, beam tetrodes and high-I'
triodes all make good doublers.
The efficiency and output of a doubler can
be increased by feeding some of the energy in
the plate circuit back to the grid to cause regeneration, provided the process is not carried so
far that the tube breaks into self-oscillation.
One of the most satisfactory ways of introducing regeneration is through neutralizing the
frequency multiplier by one of the methods in
which the neutralizing voltage is fed from the
plate circuit to the grid. The single-tube circuits of Fig. 511 are examples. When the tube
is properly neutralized it cannot oscillate, yet
the feedback at the harmonic frequency is
sufficient to increase the output and efficiency
of the doubler to a worth-while extent.
The grid leak for a doubler may in general
have a resistance from two to five times that
recommended for the tube as a straight amplifier. The driving power required for good
doubling efficiency will be two or three times
greater than that necessary for efficient
straight amplification.
Push-pull amplifiers cannot be used as doublers because the second and other even harmonics are cancelled in the output. They can
be used as triplers, however, the output circuit being tuned to the third harmonic. They
ILre not very often used in this way because the
frequency relations of the amateur bands are
such that even-harmonic output is necessary.
Doubler Circuits
The simple triode doubler circuit is shown in
Fig. 519-A. Screen-grid or pentode doubler
circuits are exactly the same as the straight
amplifier diagrams given in Fig. 510. The plate
tank is simply tuned to the second harmonic
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in6tead of the fundamental frequency. Neutral.
ized circuits such as those in Fig. 511 also can
be used.
Special circuits for frequency doubling also
have been employed; one which is often used
is shown in Fig. 519-B. In this circuit two
tubes are used; the excitation is fed to the
grids in push-pull while the plates of the tubes
are connected in parallel. Thus the tubes work
alternately, and the output circuit receives two
impulses for each r.f. cycle at the grids, resulting in all second-harmonic output. This
circuit gives quite good efficiency, although requiring two tubes. If is often called a "pushpush" doubler. In low-power stages, twin triodes such as the 53 and 6A6 can be used as
single-tube push-push doublers. The high amplification factors of these two types make
them especially suitable for this purpose.
A circuit of this type is not suitable in cases
where a stage is to be used both as a straight
amplifier and a doubler, since it will not operate efficiently as a straight amplifier.
Planning a Transmitter
Essentially, a transmitter is simply an oscillator followed by a series of amplifiers to raise
the power of output level to the desired figure.
Some of the amplifiers will be frequency multipliers, if output is desired on a frequency
higher than that on which the oscillator operates. The problem of designing a transmitter,
therefore, is that of deciding upon the number
of stages to use, the kind of tubes to use, and
upon choosing correct operating conditions.
Transmitting Tubes
A great many types of transmitting tubes
are available for amateur work. They are listed
in the tube tables in Chapter 20, together
with sets of typical operating conditions for
the various types. When a tube capable of the
desired power output is decided upon, the next
step in laying out the transmitter is to select
an oscillator circuit and to decide upon the
band in which the crystals are to operate. The
features of the various oscillator circuits have
been treated earlier in the chapter. We then
have the beginning and the end of the transmitter, and it becomes necessary to choose intermediate stages which will be sure to deliver
enough power to the grid of the final tube to
excite it properly. Reference to the tube tables
(Chapter 20) will be of assistance.
In laying out any transmitter it is decidedly
good practice to be conservative throughout.
Be sure to provide more than just enough excitation for each stage; the driving-power figures given in the tube tables, for instance, do
not include an allowance for losses in the gridtank circuit or in coupling between the driver
and amplifier. Likewise, tb~ pow~r output fig-
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urel! are total output, and do not include tank
losses. In every case the driver should be capa.ble of supplying two to three times the driving
power specified in the tube tables.
For straight amplifier exciting stages, it is
best not to figure on more than about 60%
overall efficiency, to include an allowance for
losses in tank circuits and coupling devices.
Doublers work at lower efficiency; 40% is a
fairly conservative figure. Remember that a
doubler requires high bias and hence more
excitation than a straight amplifier, probably
two or three times as much. With these figures
in mind, it is not difficult to select a tube combination which will be sure to work.
• EXCITER UNITS
When a transmitter is to work on several
bands, it becomes necessary to supply the
same amount of excitation power to the amplifier over a wide range of frequencies. There are
several ways of meeting this problem, one of
which is to use a series of small tubes as oscillators and doublers, taking output from the
tube working on the desired frequency. The
power level is then built up by straight amplifiers. Other methods employ only a few tubes
but use special circuits such as the Tri-tet or
grid-plate oscillator which can give output on
harmonics as well as the fundamental crystal
frequency. A unit designed for giving approximately the same output for excitation purposes on several bands is called an "exciter
unit."
The output of an exciter unit may vary from
a few watts to a hundred or so, depending
upon the design. Usually the exciter covers at
least three bands, although many can operate
in five. It is evident that the exciter also can
be used as a multi-band transmitter of low or
moderate power output.
Exciter units may utilize plug-in coils for
band changing or may achieve the same end
by a switching arrangement. Often a combination of both is used. A good exciter is the
first requisite of a multi-band transmitter.
• BAND-SWITCHING
In the exciter units, where efficiency may
often be of less importance than operating convenience, some of the circuits may be designed

to cover two bands with a single coil by the
use of a large tuning condenser. This method is
not suitable for higher-power amplifiers because it is impossible to provide optimum C
for the tank circuit at both extremes of the
range.
Several systems have been worked out
whereby an inductance change instead of a
capacity change is employed in shifting operation from one band to another. In one system,
switches are employed to short-circuit turns
of a low-frequency coil to render it suitable for
higher frequencies. This method is very convenient and involves no appreciable losses in
covering three bands. In a second method,
separate appropriate tank coils are provided
for each band while a system of switches is
used to switch connections between the tank
condenser and one or another of the coils.
A third method, used in exciters, employs a
system of switches to cut frequency-doubling
stages in or out of the circuit as desired.
Gan/led Tunin/l
The tuning controls of a transmitter may
be ganged as easily as those of a receiver and
the same principles apply. One of the most satisfactory systems employs the tapped-coil
band-spread and tracking system. A selfcontrolled oscillator is required for complete
frequency coverage, of course (Bib. 4).
Meterin/l
In order to adjust a transmitter for proper
operation, certain meters are almost indispensable. The most useful of all is the d.c.
milliammeter for reading plate current in each
stage. An additional d.c. milliammeter is
highly desirable for measuring the rectified
grid current in each stage. A low-voltage a.c.
meter for checking filament voltages and a high
voltage d.c. meter for checking plate voltages
need not be built into the transmitter, but will
be found extremely useful around the amateur
station. A thermo-ammeter for reading r.r.
antenna or feeder current will help in checking
the adjustment of the transmitter, although
it is not strictly necessary. Information on
meter applications will be found in Chapter
13.
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Prindples - Methods of lHodulation - Class-B lHodulatorsMicrophones and Speech Amplifiers
Design Data

THE steady radio-frequency power generated

by transmitting circuits such as those shown
in the preceding chapter cannot alone result
in the transmission of an intelligible message to a receiving point. It serves only as a
"carrier" for the message; the intelligence is
conveyed by modulation (a change) of the
carrier.
The simplest way to modulate the carrier is
to turn it on and shut it off, and when this is
done according to the dot-and-dash characters
of the telegraph code we have what is called
continuous-wave telegraph transmission. Although simple in principle, in actual practice
this type of modulation
keying
must
conform to certain requirements. These, and
the actual circuits used for keying, will be considered in a later chapter. We shall discuss here
the more complicated form of modulation
necessary for radiotelephone transmission.
Audio Frequencies
Sounds are caused by vibrations of air particles. The pitch of the sound depends upon the
rate of vibration; the more rapid the vibration
the higher the pitch. Most sounds consist of
complex combinations of vibrations of differing
rates or frequencies; the human voice, for instance, generates frequencies from about 100
per second to several thousand per second.
Words are formed by combining various frequencies in a variety of ways. The problem of
transmitting speech by radio is therefore one of
varying the r.f. carrier in a way which corresponds to the air-particle vibrations. The
first step in doing this is to change the sound
vibrations into alternating electrical currents
of the same frequency and relative intensity;
these currents may then be amplified and used
to modulate the normally-steady d. output of
the transmitter.
Prinoiple of the Microphone
The device which converts sound energy into
electrical energy is called the microphone.
There are several types of microphones, but
one example will show the general principle of
operation. In Fig. 601, the microphone consists of a metal diaphragm placed against an
insulating cup containing loosely-packed car-

88

CHAPTER SIX

bon granules (IDicrophone button). Current
from a battery flows through the granules, the
diaphragm being one connection and the metal
back-plate the other. The primary of a transformer is connected in series with the battery
and microphone. Air vibrations cause a similar
vibration of the diaphragm, and as the diaphragm vibrates its pressure on the granules
alternately increases and decreases. This causes
a corresponding increase and decrease of current flow through the circuit, since the pressure
changes the resistance of the mass of granules.
The change in current flowing through the
transformer primary causes an alternating
voltage, of corresponding frequency and intensity, to be set up in the transformer secondary. The audio-frequency voltage thus generated may be amplified by a vacuum tube
connected to the transformer. The audiofrequency power may be built up to any desired level by successive stages of amplification.
The amount of power needed to modulate the
r.f. carrier depends upon the modulation
system employed.
Modulation
One way of modulating the carrier is by
changing its amplitude, or intensity, in accordance with the a.f. voltage obtained from the
microphone. This method, known as amplitude modulation, is used in all amateur transmitters working below 58.5 megacycles. It is
also possible to vary the frequency of the
carrier (frequency modulation) while leaving
its amplitude fixed. With this method the band
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Fig. 601 - Construction and connections of a singlehutton microphone and ita transformer.
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of frequencies occupied by one transmitter is
greater than in the case of amplitude modulation, hence fewer transmitters can work without interference. The amateur regulations prohibit frequency modulation below 58.5 Mc., and
transmitters must be designed to prevent its
occurring accidentally in connection with
amplitude modulation. In this chapter, only
the amplitude modulation system is considered.
Amplitude Modulation
Since the audible output at the receiver depends entirely upon the amount of variation
termed depth of modulation - in the carriEll,
wave and not upon the strength of the carrier
alone, it is desirable to obtain the largest permissible variations in the carrier wave. This
condition is reached when the amplitude during
modulation is at times reduced to zero and at
other times increased to twice its unmodulated
value. Such a wave is said to be fully modulated, or 100% modulated. Any desired
degree of modulation can be expressed as a
percentage, using the unmodulated carrier as
a base. Fig. 602 shows at A an unmodulated
carrier wave; at B the same wave modulated
50%, and at C the wave with 100% modulation, using a single-tone (sine-wave) modulat-
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Graphical representation of (A) unmodu-

lated carrier wave, (m wave modulated iiO'}"o. (e) wave
modulated 100%.

ing signal. The outline of the modulated r.r.
wave is called the modulation envelope.
The percentage modulation can be found by
dividing either Y or Z by X and multiplying
the result by 100. If the modulating signal is
not symmetrical, the larger of the two (Y or Z)
should be used.
The amplitude values correspond to current
or voltage, so that the drawings may be taken
to represent instantaneous values of either.
Since power varies as the square of either the
current or voltage, so long as the resistance in
the circuit is unchanged, therefore at the peak
of the modulation up-swing the instantaneous
power in the wave of Fig. 602-C is four times
the unmodulated carrier power. At the peak of
the down-swing the power is zero since the
amplitude is zero. With a sine-wave modulating signal, the average power in a 100%modulated wave is one and one-half times
the unmodulated carrier power. The power output of the transmitter must increase 50%,
therefore, with 100% modulation. This is a
very important consideration, since it means
that provision must be made to supply the
additional power during modulation.
• SIDE BANDS
The combining of the audio frequency with
the r.f. carrier as just described is essentially a
heterodyne process and therefore gives rise to
beat frequencies equal to the sum and difference of the a.f. and r.f. frequencies involved.
Therefore, for each audio frequency appearing
in the modulation two new radio frequencies
appear, one equal to the carrier frequency plus
the audio frequency, the other equal to the
carrier minus the audio frequency. These new
frequencies are called side frequencies, since
they appear on each side of the carrier, and the
groups of side frequencies representing a band
or group of modulation frequencies are called
side bands. The side bands must be transmitted, hence a modulated signal occupies a
group of radio frequencies, or channel, rather
than a single frequency as in the case of the
unmodulated ,carrier. The channel width is
twice the highest modulation frequency. To
accommodate the largest number of transmitters in a given part of the rJ. spectrum it is
apparent that the channel width should be as
small as possible, but on the other hand it is
necessary, for speech of reasonably good quality, to use modulating frequencies up to about
3000 or 4000 cycles. This calls for a channel
width of 6 to 8 kc.
Spurious Side Bands
Besides the normal side bands just described,
unwanted side bands may be generated by the
transmitter. These usually lie outside the
normally-required channel width, and hence
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cause the a.ctual channel to be wider without
increasing the useful modulation. By increasing the channel width these spurious side
bands cause unnecessary interference to other
transmitters. The quality of transmission is
also adversely affected when spurious side
bands are generated.
The chief causes of spurious side bands are
harmonic distortion in the audio system, overmodulation, frequency modulation, and lack
of linearity in the modulated d. system.
Harmonic Distortion
As explained in Chapter 3, distortion in an
amplifier tube can be resolved into the introduction of new frequencies in the output which
were not present in the signal applied to the
grid. Since these new frequencies are integral
multiples of the original frequency, they may
cause widening of the side bands. For example,
an original modulating signal of 3000 cycles
may, when distorted, have harmonics at 6000,
9000, and 12,000 cycles. Thus a required
channel of 6 kc. may actually turn out to be
24 kc. because of spurious side bands. Minimum harmonic distortion in the a.L amplifier is
necessary to prevent excessive channel width.
Overmodulation
If the carrier is modulated more than 100%,
a condition such as is shown in Fig. 603 occurs.
Not only does the peak amplitude exceed twice
the carrier amplitude, but there may actually
be a considerable period during which the out.put is entirely cut off. The modulated wave is
therefore distorted, with the result that harmonic distortion, with consequently wider side
bands, occurs. The carrier should never be
modulated more than 100%.
Frequency Modulation
If modulating the amplitude of the carrier
also causes a change in the carrier frequency,
the channel occupied by the signal wobbles
back and forth with the modulation. Not only
does this alone widen the effective channel,
but because of the varying frequency new
beats are generated which create an even more
undesirable broadening of the signal. It is
essential, therefore, that the carrier frequency
be entirely unaffected by the application of
modulation. In practice, this is accomplished
by applying the modulation to an r.r. amplifier
stage which is isolated from the frequencycontrolling oscillator by a buffer amplifier.
Amplitude modulation of an oscillator is almost always accompanied by frequency modulation.
Linearity
Up to the limlt of 100% modulation, the
amplitude of the carrier should follow faith-
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fully the amplitude variations of the modulating signal. When the modulated d. amplifier is
incapable of meeting this condition it is said
to be non-linear. A non-linear modulated

Fig. 603 -

An overmodulated wave.

amplifier causes distortion of the modulation
envelope and hence the generation of harmonics which in turn widen the channel. The
amplifier may not, for instance, be capable of
quadrupling its power output at the peak of
100% modulation. The lDoduJation capability of the transmitter is the maximum percentage of modulation that is possible without
objectionable distortion (i.e., without generat.ing spurious side bands) The maximum attainable capability is, of course, 100%. The
modulation capability should be as high as
possible so that the most effective signal can
be transmitted for a given carrier power.
Power in Speech Waves
The complex waveform of a speech sound
translated into alternating current does not
contain as much power, on the average, as
there is in a pure tone or sine wave of the same
peak amplitude. That is, with speech wave·
forms the ratio of peak to average amplitude is
higher than in the sine wave. For this reason,
the previous statement that the power output
of the transmitter increases 50% with 100%
modulation, while true for tone modulation, is
not true for speech. On the average, speech
waveforms will contain only about half as
much power as a sine wave, both having the
same peak amplitude. The average power out·
put of the transmltter therefore increases only
about 25% with 100% speech modulation.
However, the instantaneous power output must
quadruple on the peak of 100% modulation
regardless of the modulating waveform. Therefore the peak capacity of the transmltter
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must be the same for any type of modulating
signal.
• PRACTICAL METHODS OF
MODULATION

The most widely used type of amplitude
modulation system is that in which the modulating signal is applied in the plate circuit of a
radio-frequency power amplifier (plate modulation). In a second type the audio signal is
applied to the control-grid circuit (grid-bias
modulation). A third system involves variation of both plate voltage and grid bias and is
called cathode modulation. A fourth method
varies the suppressor-grid voltage of a pentode-type power tube (suppressor-grid modulation).
Transformer-Coupled Plate Modulation

In Fig. 604 is shown the most widely-used
system of plate modulation. A balanced (pushpull Class-A, Class-AB or Class-B) modulator
is transformer-coupled to the plate circuit of
CLASS-C AMP.

RFC

Class-C for the modulation characteristic to be
linear. The transformer turns ratio will depend
upon the rated load resistance of the modulator tubes and the modulating impedance
of the Class-C stage. The modulating impedance is equal to
Eb X 1000
I"
where Eb is the d.c. plate voltage and I" the
d.c. plate current in milliamperes, both measured without modulation.
The plate efficiency of the Class-C platemodulated amplifier is practically constant
with or without modulation. Efficiency values
range between 60 % and 80 %, depending upon
the frequency and the operating conditions.
The linearity depends upon having sufficient
grid excitation, proper bias, and adjustment
of circuit constants to the proper values, as
described in Chapter 5.
Plate Modulation of Screen-Grid Amplifiers

Screen-grid tubes of the pentode or beam
tetrode type can be used as Class-C platemodulated amplifiers provided the modulation
is applied to both the plate and screen grid.
The method of feeding the screen grid with the
necessary d.c. and modulation voltage is shown
in Fig. 605. The dropping resistor, R, should be
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Transformer-ooupled plate modulatiou.

the modulated d. amplifier. The audio-frequency power generated in the modulator plate
circuit is combined with the d.c. power in the
modulated-amplifier plate circuit by transfer
through the coupling transformer, T. For 100%
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 rJ. output.
As previously indicated, the average power
output of the modulated stage must increase
50% with 100% modulation, and the additional power is furnished by the modulator;
that is, the modulator must supply audio power
equal to 50% of the d.c. plate input to the
modulated d. stage. For example, if the d.c.
plate power input to the d. stage is 100 watts,
the sine-wave audio power output of the modulator must be 50 watts.
The modulated d. amplifier must operate

-C +SUP. -8

+c

+8

Fig. 605 - Plate-and ...creen modulation of a pentode
C1ass-C r.f. amplifier.

of the proper value to apply normal d.c. voltage to the screen under steady carrier conditions. Its value can be calculated by taking the
difference between plate and screen voltages
and dividing it by the rated screen current.
The modulating impedance is found by 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 is the
power input figure which is used as the basis
for determining the audio power required from
the modulator.
Choke-Coupled Plate Modulation

In Fig. 606 is shown the circuit of the
Heising or constant-current system of plate
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+11

Fig. 606 tion.

-8

+c

-c

Choke-coupled or Heising plate modula-

modulation. The plate power for the modulator
tube and modulated amplifier is furnished from
a eommon source through the modulation
choke, L, which has high impedance for audio
frequencies. The modulator operates as a power
amplifier with the plate circuit of the r.f.
amplifier as its load, the audio output of the
modulator being superimposed on the d.c.
power supplied to the amplifier. For 100%
modulation the audio voltage appJied to the
rJ. amplifier plate circuit across the choke, L,
must have a peak value equal to the d.c. voltage on the modulated amplifier_ To obtain this
without distortion, the d. amplifier must be
operated at a d.c. plate voltage less than the
modulator plate voltage, the extent of the
voltage difference being determined by the type
of modulator tube used. The necessary drop in
voltage is provided by the resistor R, which is
by-passed for audio frequencies by the condenser C.
This type of modulation is rarely used by
amateurs except in very low-power portable
sets, because a single-tube Class-A modulator
is required. The output of a Class-A modulator
is very low compared to that obtainable from a
pair of tubes of the same size operated Class-B,
hence only a small amount of r.r. power can be
modulated.
Grid-Bias Modulation
Fig. 607 is the diagram of a typical arrangement for grid-bias modulation. In this system,
,",00 AMR

-B

MOD.

~"~l(fT
-Cf'

Fig. 607 fier.
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+6

Grid-bias modulation of a Class-C ampli-
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the secondary of an audio-frequency Qutput
transformer, the primary of which iH connected
in the plate circuit of the modulator tube, is
connected in series with the grid-bias supply
for the modulated amplifier. The audio voltage
thus introduced varies the grid bias and thus
the power output of the d. stage, when suitable operating conditions are chosen. The d.
stage is operated as a Class-C amplifier, with
the d.c. grid bias considerably beyond cut-off.
In this system the plate voltage is constant,
and the increase in power output with modulation is obtained by making the plate current
and plate efficiency vary with the modulating
Signal. For 100% modulation, both plate current and efficiency must, at the peak of the
modulation up-swing, be twice their carrier
values so that the peak power will be four
times the carrier power. Since the peak effi-

fI.P.

Excitation

-s

~

SUPPRESSOR GRID

FiS. 608
Suppressor-grid modulation of a pentode
r_f. amplifier.

ciency in practicable circuits is of the order of
70% to 80%, the carrier efficiency ordinarily
cannot exceed about 35% to 40%. For a given
size of d. tube the carrier output is about onefourth the carrier obtainable from the same
tube plate-modulated. The audio power required from the modulator is quite small, and a
Class-A modulator capable of 2 to 5 watts
audio output is adequate for most transmitters.
The grid bias, d. excitation, plate loading and
audio voltage in series with the grid must be
adjusted to give a linear modulation characteristic. The method of adjustment is covered
in Chapter 16.
Suppressor Modulation

The circuit arrangement for suppressor-grid
modulation of a pentode tube is shown in Fig.
608. The operating principles are the same as
for grid-bias modulation. However, the d.
excitation and modulating signals are applied
to separate grids, which gives the system a
simpler operating technique, since best adjustment for proper excitation requirements and
proper modulating circuit requirements are
more or less independent. The carrier plate
efficiency is approximately the same as for
grid-bias modulation, and the modulator power

Modulation
requirements are similarly small. With tubes
having suitable suppressor-grid characteristics,
linear modulation up to practically 100% can
be obtained with negligible distortion.
Cathode Modulation

The fundamental circuit for cathode or
"center-tap" modulation is shown in Fig. 609.
This type of modulation is a combination of
the plate- and grid-bias 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
vary during modulation.
Because part of the modulation is by the
grid-bias method, the plate efficiency of the
modulated amplifier must vary during modulation. The carrier efficiencv therefore must be
lower than the efficiency "at the modulation
peak. The reduction in earrier efficiency depends upon the proportion of grid modulation to plate modulation; the higher the percentage of plate modulation the higher the
permissible canier efficiency, and vice versa.
The audio power required from the modulator
also vnries 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. 609-A.
In these curves, the performance of the cathode-modulated rJ. amplifier is plotted in
terms of the tube ratings for plate-modulated
telephony, with the percentage of plate modulation as a base. As the percentage of plate
modulation is decreased, it is assumed that
the grid-bias modulation is increased to make
the overall percentage of modulation reach
100%. The limiting condition, 100% plate
modulation and no grid-bias modulation, is

20
40
60
_-PER CENT PLATE MODULATION

Fig.

609·A

Cathode-modulation

p"rformuncc

curves~

in terms of percentage of plate lllOdulatioll
against per cpnt of ClaRs~C telephony tube ratingf"'.
Win ~ D.c. platt' rnput watts ltl per cent of plate-modulation rating.
Wo
Carrier output watts in per cent of platt)-modula-

tion rating (based on plate efficiency of 77.5%).
W. - Audio power in per cent of d.e. watt. input.
Np

-

Plate efficiency in per

cent~

at the right; pure grid-bias modulation is
represented by the left-hand ordinate.
As an example, assume that 40% plate
modulation is to be used. Then the modulated
rJ. amplifier must be adjusted for a carrier
plate efficiency of 56%, the permissible plate
input will be 65 % of the ratings of the same
tube with pure plate modulation, the power
output will be 48% of the rated output of the
tube with plate modulation, and the audio
power required from the modulator will be 20%
of the d.c. input to the modulated amplifier.
The modulating impedance of a cathodemodulated amplifier is approximately equal to

m~
10

f~11

Audio
modulator

Fig. 609
Cathode modulation of a Cla8IiI-C triode
amplifier. R" grid leak; C, audio by-pass; R. cathode-

bias resistor for initial biail. also by -passed 'for audio
frequenciea.

where m is the percentage of modulation expressed as"a decimal, Eo is the plate voltage,
and 10 the plate current of the modulated r.r.
amplifier. This figure for the modulating impedance is used in exactly the same way as the
eorresponding figure for pure plate modulation
in determining the proper modulator operating
conditions, as outlined in the following section.
R.f. excitation requirements for the cathodemodulated amplifier are midway between
those for plate modulation and grid-bias
modulation. More excitation is required as the
percentage of plate modulation is increased.
Grid bias should be considerably beyond
cut-off; grid-leak bias is permissible if the
excitation is great enough to meet this requirement. The grid leak should be across the
grid condenser, as shown, to avoid loading the
modulator, and should be by-passed for audio
frequencies. The percentage of grid modulation
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TABLE

I-RESISTAN<:E·<:OUPLED AMPLIfiER DATA

Dala ere giverl lor a plate-supply 01 300 VOIUI departures 01 al much el 50'lf, from thl' supply voltege will not materlelly c:hange
the o....atlng condition, or the voltas. Slln, but the output vallas. will be in proportion to the new voltese. Vollase gain Is m...u....
at 400 cycles} cond_r val.es siven are be ...d on 100.cycl. cut-ali. For increased low-frequency respon•• , III conden...,. mlY be
made Ilrser then speeiRed (cut-all' Ireqaeney In Invers. proportion to conden.er valu.. provided all Ir. chansed In th ••em. proportion). A variation of 10'lf, In the values siveR hos negligible .lreet on the performance.
High-frequency c.t-olr with pentod., Is approximalely !O,OOO cycles with a plate resistor 01 0.1 m.gohm, 10,000 cycles with 0.25
mesohm, and 5000 cycles with 0.5 megohm. With triode ImpIlS.rs, the hl,h-frequency cut·oli il well above the e.dlo ranse.
Plate
Resistor
Megohms

0.1
6A6,6N7
53

0.25
0.5
0.05

6C5
(Also
6J7, 6C6, 57
6W7 as triodes"

0.1
0.25
0.1

6C6, 6J7, 6W7,
57
(Pantod.)

0.25
0.5
0.1

6C8G
(On.trlode
unit)

0.25
0.5
0.1

6F5,6SFS

0.25
0.5
0.05

6F8G (one
triode vnia,
6J5,6J5

0.1
0.25
0.05

6L5G

0.1
0.25

94

Next-Steg.
Grid
Resistor
Megohms

Sereen
Resittor
Megohms

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
0.1
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
0.25
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
0.05
0.1
0.25
0.1
0.25
0.5
0.25
0.5
1.0
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-----

--

----0.44
0.5
0.53
1.18
1.18
1.45
2.45
2.9
2.95

---

--

----------

------

---

Cathode
R..lstor
Ohms
1150'
1500'
1750'
26SOl
34001
4000'
48SOl
6100'
7150'
2100
2600
3100
3800
5300

6000

9600
12,300
14,000
500
450
600
1100
1200
1300
1700
2200
2300
2120
2840
3250
4750
6100
7100
9000
11,500
14,500
1300
1600
1700
2600
3200
3500
4500
5400
6100
1020
1270
1500
1900
2440
2700
4590
5770
6950
1740
2160
2600
3070
4140
4700
6900
9100
10,750

Sereen
ByTt."
I'

•

Cathode
By-po"

J4d.

--- - - ------ --

----

-

----- -----

---

---

---

0:07

0.07
0.06
0.04
0.04
0.05
0.04
0.04
0.04

---

--------

- ------ -------------

----------

----

---

3.16
2.3
2.2
1.7
t.3
1.17
0.9
0.59
0.37
8.5
8.3
8.0
5.5
5.4
5.8
4.2
4.1
4.0
3.93
2.01
1.79
1.29
0.96
0.77
0.67
0.48
0.37
5.0
3.7
3.2
2.5
2.1
2.0
1.5
1.2
0.93
3.56
2.96
2.15
2,31
1.42
1.2
0.87
0.64
0.54
2.91
2.18
1.82
1.64
1.1
0.81
0.57
0.46
0.4

Blocklns
Cond8lll8r
I'ld.

0.03
0.015
0.007
0.015
0.0055
0.003
0.0055
0.003
0.00t5
0.075
0.04
0.015
0.035
0.015
0.008
0.015
0.008
0.003
0.02
0.01
0.006
0.008
0.005
0.005
0.005
0.003
0.0025
0.037
0.013
0.007
0.013
0.0065
0.004
0.007
0.004
0.002
0.025
0.01
0.006
0.01
0.007
0.004
0.006
0.004
0.002
0.06
0.034
0.012
0.035
0.0125
0.0065
0.013
0.0075
0.004
0.06
0.032
0.015
0.032
0.014
0.0075
0.013
0.0075
0.005

~~&~t
(Peak)'
60

n

86
75
87
100
76
94
t04
57
70
83
65
84
88
73
85
97
55
81
96
81
104
110
75
97
100
55
73
80
64
80
90
67
U

96

33
43
48
41
54
63
50
62
70
41
51
60
43
56
64
46
57
64
56
68
79

60
79
89
64
80
88

Voltag.
Goin'

20
22
23
23
24
24
23
24
24
11
11
12
12
f3

13
--1314
14
--6-'82
94
104
140
185
161
250
240
22
23
25
25
26
27

---

27

27
28
42
49
52
56
63
67
65
70
70

13
14
14
14
14
14
14
14
14
11 5

125

125
125
13 5
135

1"35
5
13
13 5

Modulation
TABLE 1- RESISTANCE.CQUPLED AMPLIFIER DATA - Continuecl
Next.Stage

Plaia
Resis!or
Megohms

Grid
Resis!or
Me!ll>hms

Screen
Resls!or
Megohms

Cathode

Calhlllde
Resis!or
Ohms

--------1----1---

By-paIS

1'1<1.

--- -

Blocklns
Conden....
I'fd.

Output
Valli

VollIse
Gain'

(peak)'

-1----1----1---

9
0.05
16110
2.6
0.055
50
9
0.05
0.1
2000
2.0
0.03
6<.!
10
0.25
2.400
1.6
0.015
71
"'~~"--~~" -'~-- --~'--~ --c:-~I~--::_:_:--I--~~""- - - 0.1
2900
1.4
0.03
52
10
6R7,6R1G
0.25
3800
1.1
0.015
68
10
0.1
0.5
4400
1.0
0.001
71
10
1 - - - - 1 - 0 .25
_
6300 .,----~,,-1~--:-0.-=7--1 --':0-=.0'-1cc
5 -1---::5:-:-4-· I---:1cc
O0.5
8400
0.5
0.001
62
11
0.25
1.0
10,600
0.44
0.004
74
11
---~--". 1 · - - - - - ·
-0.017
- - 8.5
0.1
0.59
430
0.0161
57
51 5
0.25
0.67
440
0.071
8.0
0.01
73
78 5
0.1
0.5
0.71
440
0.071
8.0
0.0066
82
89 5
5
0.25
1.7
620
0.058
6.0
0.0011
54
98
657
0.5
1.95
650
0.057
5.8
0.005
66
122 5
0.25
1.0
2.1
700
0.055
5.2
0.0036
76
1365
- - - - --:0-'=.5:--1--::3-'=.6:-- 1-1":"":00=0- 0.04
4.1
0.0037
52
1365
1.0
3.9
1080
0.041
3.9
0.0029
66
1625
0.5
2.0
4.1
1120
0.043
3.8
0.0023
73
1745
0.1
750'
0.033
35
29
0.1
0.25
930'
0.014
50
34
0.5
1040'
0.007
54
36
0.25
1400'
0.012
45
39
0.5
0.25
1680'
0.006
55
4!
6SC7
1.0
1840'
0.003
64
45
0.5
2330'
0.006
50
45
0.5
1.0
2980'
0.003
62
48
2.0
3280'
0.002
72
49
-----i------I-~~--I-__---I-~~--~-I--~0.1
1:1.35
500
0.10
11.6
0.019
72
67
0.25
0.37
530
0.09
10.9
0.016
96
98
0.1
0.5
0.47
590
0.09
9.9
0.007
101
104
0.89
850
0.07
8.5
0.011
79
139
0.25
6517
0.5
1.10
860
0.06
7.4
0.004
88
167
0.25
1.0
1.18
910
0.06
6.9
0.003
98
185
0.5
2.0
1300
0.06
6.0
0.004
64
200
1.0
2.2
1410
0.05
5.8
0.002
79
U8
0.5
2.0
2.5
1530
0.04
5.2
0.0015
89
263
------1·----1~-0=--.1
-~--1 9 0 0 - 4.0
--0:0-3- --31-'~ --3-1-

---

I

-----

I

---

0.1
6507,6B6G,
2A6,75

I.
1

0.25
0.5

0.5
1.0

II

0.5
1.0
2.0
,-0-:-1--

0.25

I..

i

0.5
0.05
56,76

0.1
0.25

-

=

2200
2]00

-

3900

-

---mo 4200

-

5300
6100
7000

-,

--...=- ---mo
,gJ5
~~

----I'
I
0.1

6T7G

0.25
0.5

--~- --0-:2-5--

0.25
0.5

_~_,O_ _

0.5
1.0
2.0
0.05
0.1
0.25
0.1
0.25
0.5

==-

--

-

3760
4580
5220
6570
8200
9600
2400
3100
3800
4500

6400

7500
11,100
15,200
18,300

I

0.015
0.007
0.015
0.007
0.004

41
45
42
51
60

1.6
1.3
1.2

0.007
0.004
0.002
0.0245

47
1
58
62.
60
67
i
63
44
1-27;;-

~:i;

g:~:5

~

1.57
1.35
1.23
1.02
0.82
0.70
i.8
2.2
1.8
1.6
1.2
0.98
0.69
0.5
0.4

0.012
0.0075

--=== 2.85"

----

---

----

I
I

3.5
3.0
2.7
2.0
1.8

i

39
42
48

53
56

;~:

57-,'37'69
40'
~00~ _ _
80_1~
0.008
62
42'
0.0055
77
I'
43'
0.004
86
44'
0.08
65
8.3
0.045
80'
S.9
0.02
95
9.4
0.04
74
9.5
0.. 02
95
10§O
0.009
104
10.0
82
10.0
0.02
10.0
0.009
96
10.0
0.005
10S

1 Value for both triode saclions, .ssuming both .re working under same condillons. In pha .. Inverter .ervice,the c.thode re.i.tor
.hould nol be by·......d.
, VollIse across nexl-slage srld resistor .1 grid.currenl poinl
3 At 5 volb r.m.'. output.
< Screen end suppressor lied to plate.
• At 4 volts r.m.S. output.
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TABLt: 1I-(LASSoS MODULATOR DATA
See also Receiving Tube Tebles (Chepter 20) lor Deta on C1ess A, AB I and AB 1 AmpliAers lor Use as Low·Power Modulators.
C1ass-B
Tubes (2)

Fil.
Plale
Volts Volts

Grid
Volts
App.

Plt;i~~~~~t

Load Res.
PI.te-to-Plate
Ohm.

75
75

120
120

5,000
6,000

Peak A.F.
Zero·Sis.'
Grid-Io-Grid Plate CUIlent
Voltage
Mo.

:~~:;

63
57

Ma •.•Sis.
M••.•Slg.'
Driving Power POwer Output
Watts'

Walts'

4.0
3.0

22
30

HY60'

6.3

300
400

801

7.5

600

-75

320

8

130

10,000

3.0

45

HY31Z lO

6.3

300
400
500

0
0
0

104
140
131

20
26
36

100
150
150

5,000
5,000
7,000

1.4
2.0
1.8

18
40
51

R1<61>'

6.3

600

-35

55

8,000

0.4

65

1624'

2.5

400
600

=~~.5

75
42

150
180

6,000
7,500

0.4
1.2

TZ20

7.5

750

0

195

170

9,000

2.6

80

HY69'

6.3

600
500

-35
-25

183
120

65
65

120
200

4,500
5,000

7.0
3.0

65
97

RI<12

6.3

750

0

129

50

200

9,600

3.4

800

7.5

750
1000
1250

-40
-55
-70

320
300
300

26
28
30

210
160
130

6,400
12,500
21,000

6.0
4.4
3.4

90
100
106

HY30Z

6.3

600
750
850

0
0
0

171
167
171

18
22
28

180
180
180

6,000
8,000
10,000

No.~ 5

..

75
95
110

807'

6.3

~,

-25
-25
-30
-32

80
80
80
95

100
100
60
60

230
230
200
240

3,800
4,550
6,660
7,320

0.35
0.6
0.4
0.5

60
75
80
120

809
1623

6.3

1!~g7

0
-4.5
-10

135
140
156

40
40
40

200
200
200

5,200
8,400
11,600

2.4
2.4
3.4

60
100
145

830·B

10

800
1000

-35

-27

250
270

20
20

280
280

~:ggg

5.0
6.0

135
175

HY40Z

1.5

150
850
1000

0
0
0

171
185
185

32
40
45

225
250
250

6,000
7,000
9,000

Note 5

....

110
155
185

808

1.5

1250
1500

-15
-16

240
110

40
30

230
190

12,700
18,300

7.8
4.8

185
190

811

6.3

mg,

0
-9

140
160

48
20

200
200

15,000
18,000

3.8
4.2

115
225

35T

5.0
to
5.1

750
1000
1250
1500

-22

---

6,000
7,200
9,600
12,800

---

100
150
200
230

154

5.0

150
1000
1250
1500

-100
-155
-210
-265

430
510

350
300
256
230

4,000
7,500
11,400
16,000

10
10
10
10

TZ401

1.5

1000
1250
1500

0
-4.5
-9

220
269
265

280
280
250

1,350
10,000
12,000

5.5
6.0
6.0

RI<52

1.5

1250

0

180

40

300

10,000

7.5

250

RI<58

10

1250

0

200

148

320

9,000

1.5

260

203·A

10

1000
1250

-35
-45

310
330

26
26

320
320

6,900
9,000

10
11

200
260

838

10

1000
1250

0
0

90

90

106
148

320
320

1,600
11,200

5.0
5.0

1000
1250

-77
-100

380
410

20
20

320
320

6,900
9,000

7.5
8.0

200
260

m

~

!~

No~e

18:ggg

I I~

211

10

0

-30
-40

~m g

96

77

106

---

-

--40
50
60
80

600

100
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100

150
200
223
250
115
225
250

200
260

Modulation
TABLE 11- CLASS·B MODULATOR DATA - Confinuea
Class-B
Tubes (2)

Fil.
Volis

Load R.s.

IDrlvln,
Ma•• ·Slg.
Power

Ohms

Walls'

Ma.·Si,.'
Power Outpul
Watt.'

~~g

6,200
8,000

6.5
6.75

230
300

50
70
95
60

320
310
300
296

4,800
6.900
9,000
11,200

5.0
5.0
4.0
5.0

150
200
245
300

Plale
Volts

Grid
Volts
App.

Peak A.F.
Gtld.to-Grld
Volta,e

1000
1250

0
-4.5

206
215

~g

0
0
0
9

190
190
180
196

~~r:~~~~1

:~ii;;ent

~ale.to.~ale

i10

203·Z

. -I - -i 150
1000
1250
1500 -

10

ZB120

---

5.0

RK38

-52

357

36

265

16,000

5.8

330

1500
1750

-52
-62

264
324

50
40

270
270

12,000
16,000

2.0
9.0

260
350

22,000
36,000

3.5
3.5

220
360

6,700
8,200

6.0
7.0

300
370

16,200
18,300

--

300
385

2000

10

.2000
3000

-155
-250

600
780

22
14

180
160

10

1250
1500

0
-16

235
280

148
84

400
400

~----

HF100

10
,1011

--

852
805
RK57

,

i······

828S

10

1700
2000

-120'
-120'

240
240

50
50

248
270

75T

5.0

1000
1500
2000

---

----

----

----

6,800
10,000
12,5(i0

--

200
300
400

810

10

1500
2000

-30
-50

345
345

80
60

500
420

6,600
11,000

12
10

510
590

100TL

5.0
to
5.1

1000
1250
1500
2000
2500
3000

Bla. adjust"d lor maximum rated plale dissipation
under no-.ignal conditions

5,200
7,200
9,600
16,000
22,000
30,000

May be
driven by
push-pull
6L6',

170
230
270
350
435
465

5.0
10
5.1

1000
1250
1500
2000
2500
3000

Bia, adjusted lor maximum raled plale di .. ipallon
under no .. lgnal condilions
Zero bi .. UP 10 1250 v. plale

5,200
7,200
9,600
16,000
22,000
30,000

Maybe
driven by
push-pull
6L6's

210
260
300
380
460
500

806

5.0

2000

-150

HD 203-A

10

1500
1750

=::i

5.0
105.1

1000
1250

354
354C

5.0

1000
1500
2000
2500

-60
-95
-125
-165

340
440
500
560

40
60
100
80

252
l!67
294
236

10,000
10,000
10,000
15,000

14
20
20
20

3540

5.0

1500
2500

-60
-112

350
430

50
50

217
290

20,000

n,ooo

20
20

~[M

334
384

50
50

325
348

10,000
16,000

20
20

319
595

274
310

50
50

280
300

12,000
20,000

20
20

290
550

1-

100TH

250TL
250TH

354F

I

1500
5.0 • 2500

20

~~

•

i

390

11,500

:i~

8,000
9,000

Bla. adjusted lor maximum raled plale dissipation
under no-slsn.1 conditions. 250TH used wilh
.ero bla. up 10 1400 v. plale

.. ljggH!

354E

340

2,360
3,280

14

500

NOle9

400
500

Maybe
driven by
p.p.6L6',

350
540
315
448
577
302
519

1 Value. ore lor bolh lube•.
'Sinusoidal signal values; speech value. are approximalely one·halilor lubes biased 10 approximate cul-olf and 80% For .ero-bia.
lubes.
a Values do nol inctude Iranslorm.r losse•• Somewhat higher power i. required ollhe dri.,er 10 .upply 10.... and provide sood regulalion. Inpul lransFormer ralios musl be cho.en 10 ,upply required power 01 speciAed grid-to-grid voltege wllh ample re'erve for los,.,
and low dislortion levels. Driver slo,e should have sood re,ulallon.
• Beam lube. Cia .. AB,. Screen voltege: 300.
S Driver, one or Iwo 45's al 275 volls, .e(f-bias (-55 v.).
a Beam lube. Cia.. AB,. Screen vollase: 300 at 10 ma. Effective grid circuil resislance should not exceed 500 ohms.
7

Intermittent amateur and commercial service rating.

.

• Penlode. aa.. AB,. Suppressor volls: 60 al9 mo. Screen volls: 750,4/43 mo. 011700 plate voll., 2/60 ma. al 2000.
• Can be driven by a pair of !lA3's in push-pull CI ...·AB al 300 volls wilh Axed bias.
10 Dual tube. Values are lor one tube, bolh seclions.
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may be regulated to some extent by varying
the leak resistance. Alternatively, a modulation transformer with tapped secondary may
be used, the grid modulation being adiusted
by choice of a suitable tap.
The following table shows how the plate input and plate efficiency of the rJ. amplifier,
and the required audio power for 100% modulation, vary with the different types of modulation. Suppressor modulation is equivalent to
grid-bias modulation in this tabulation. The
figures are based on a carrier output of 100
watts in all cases.
Grid-

Plate
Cathode Mod.
Mod. (m=40%) (m=20%)
Carrier output, watts 100
100
100
D.c. plate input}
watts., _
129
178
228
Plate dis8ipa tion,
29
78
128
watt.,. '
Audio power required)

watts, _

65

36

23

forma.nce and eaonomy may result trom the
use of separate power supplies. This is a matter
for individual consideration, and generaliZation
is not possible.
Ma.tching Modula.tor to Modulated
Amplifier

The plate-to-plate load impedance specified
for rated power output of the Class-B modulator
seldom corresponds to the modulating impedance of the Class-C r.f. stage, so that a match
must be brought about by adjusting the turns
ratio of the coupling transformer. The required
turns ratio, primary to secondary. is

Bws

/z"

Mod.
100
300
200

'\j Z ...
where Z .. is the Class-C modulating impedance
and Z" is the plate-to-plate load impedance
specified for the Class-B tubes.
Commercial Class-B output transformers
usually are rated to work between specified
primary and secondary impedances and are
designed for specific Clas8-B tubes. This is
simply a "shorthand" way of stating the turns
ratio, which can be found by substituting the
given impedances in the formula above. Many
transformers are provided with primary and
secondary taps so that various turns ratios can
be obtained to meet the requirements of a large
number of tube combinations.

• THE MODULATOR
The determining factors in the design of the
audio equipment of a 'phone transmitter are
the microphone output and the audio power
required for modulating the d. stage. The
process is therefore essentially one of working
backward from the modulator to the microphone.
Class-B Modulators
The preceding discussion has shown that
Driving Power
modulator output requirements vary widely
with the type of modulation system chosen. In
Class-B amplifiers are driven into the gridthe case of plate modulation, the relatively- current region, so that power is consumed in
large audio power needed practically dictates the grid circuit. The preceding stage or driver
the use of a Class-B modulator, since the power must be capable of supplying this power at the
ean be obtained most economically with this required peak audio-frequency grid-to-grid
type of amplifier. A typical circuit is given in voltage. Both these quantities are given in
Fig. 610, and operating data on various tubes Table 1. The grids of the Class-B tubes repreas Class-B audio amplifiers in Table 1. The sent a variable load resistance over the audiopower outputs are for a pure-tone signal, which frequency cycle, since the grid current does
is the basis of design. A pair of tubes must be not increase directly with the grid voltage.
chosen which is capable of delivering sine-wave To prevent distortion, therefore, it is necessary
audio power equal to half the d.c. input to the to have a driving source which has good
that is, which will maintain the
modulated Class-C amplifier, as already de- regulation
scribed. Any type of tube meeting this condi- waveform of the signal even though the load
tion will be satisfactory. It is sometimes con- varies. This can be brought about by using a
venient to use tubes which will operate at the driver capable of delivering two or three times
same plate voltage applied to the
DRIVER
(LASS-S MODULATOR
Class-C stage, since one power
supply of adequate current capacity may suffice for both stages.
In other cases. better overall perEC

~

PRI

To Mod
Amp_

Fig. 610
Class-B modulator and
driver cirouit.
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Modulation
the actual power consumed in the Class-B
grids, and by using an input coupling transformer having a turns ratio giving the largest
step-down in voltage, between the driver plate
or plates and Class-B grids, that will permit
obtaining the specified grid-to-grid a.f. voltage.
Driver Coupling
A Class-A or Class-AB driver is universally
used to excite a Class-B stage. Tubes for the
driver preferably should be triodes having low
plate resistance, since these will have the best
regulation. Having chosen a tube or tubes with
ample power output (the data in the tube tables
in Chapter 20 may be used) the peak output
voltage will be, approximately,

E. = 1.4

,/PR

where P is the power output and R the load
resistance. The input transformer ratio, primary to secondary, will be

E.
Eq
where E. is as given above and E. is the peak
grid-to-grid voltage given in Table I for the
modulator tubes chosen.
Commercial transformers usually are designed for specific driver-modulator combinations, and usually are adjusted to give as good
driver regulation as the conditions will permit.
Grid Bias
Modern Class-B audio tubes are intended for
operation without fixed bias. This lessens the
variable loading effect and eliminates the need
for a grid-bias supply.
When a grid-bias supply is required, it must
have low internal resistance so that the flow
of grid current with excitation of the Class-B
tubes does not cause a continual shift in the
actual grid bias and thus cause distortion.
Batteries or a regulated bias supply (Chapter
11) should be used.

Plate Supply
The plate supply for a Class-B modulator
should be sufficiently well filtered to prevent
hum modulation of the r.f. stage. The design
data in Chapter 11 should be followed. An additional requirement is that the output condenser of the supply should have low reactance
at 100 cycles or less compared to the load into
which each tube is working, which is U the
plate-to-plate load resistance. A 4-J.Lfd. output
condenser with a WOO-volt supply, or a 2-J.Lfd.
condenser with a 2000-volt supply, usually will
be satisfactory, with other values in proportion
to the plate voltage.
The plate supply for the modulated amplifier, in all modulation systems, must also be
well filtered to prevent hum. The output condenser of the supply should have low reactance
compared to the modulating impedance of the
stage. The values given above are satisfactory.
Low-Level Modulators
Modulators for grid-bias and suppressor
modulation usually can be small audio power
output tubes, since the audio power required
is quite small. A triode such as the 2A3 is
preferable because of its low plate resistance,
but pentodes will work satisfactorily. It is
usual practice to load the primary of the output coupling transformer with a resistance
equal to or slightly larger than the rated load
resistance for the tube in order to stabilize the
voltage output and thus improve the regulation.
Since the ordinary Class-A receiving power
tube will develop about 200 to 250 peak volts
in its plate circuit, which is ample for most
low-level modulator applications, a 1:1 coupling transformer is generally used. If more
voltage is required, a step-up ratio must be
provided in the transformer.

• TYPES OF MICROPHONES
The microphone is next in line for consideration after the modulator has been selected,
since the output of the microphone and the

··fff
+180

-c

C

Fig. 611
Speech input circuit arrangement8 for five generally used types
of microphones. M single-button car"
bon; M2, double-bntton
carbon; Ma,
condenser; M4, ribbon or velocity type;
Ms. cry8tal type.
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driving requirements of the modulator will
determine the amount of amplification needed
between the two.
The sensitivity of the microphone is its
electrical output for a given speech intensity
input. Sensitivity varies greatly with microphones of different basic types, and also varies
between different models of the same type.
The output is also greatly dependent on the
character of the individual voice and the distance of the speaker's lips from the microphone,
decreasing approximately as the square of the
distance. It also may be affected by reverberation in the room. Hence, only approximate
values based on averages of "normal" speaking voices can be attempted. The values to be
given are based on close talking; that is, with
the microphone six inches or less from the
speaker's lips.
Carbon Microphones
Fig. 611 shows connections for single- and
double-button carbon microphones, with a variable potentiometer included in each circuit for
adjusting the button current to the correct value
as specified with each mierophone. The operation of the single-button type has already been
explained. The double-button type operates
similarly, but with two buttons in push-pulL
Good quality single-button 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, a
peak voltage of between 3 and 10 volts across
100,000 ohms or so can be assumed available
at the grid of the first tube. These microphones
are usually operated with a button current of
50 to 100 rna.
The sensitivity of good-quality doublebutton microphones is considerably less, ranging from 0.02 volt to 0.07 volt across 200 ohms.
With this type microphone, and the usual
push-pull input transformer, a peak voltage
of 0.4 to 0.5 volt across 100,000 ohms or so can
be assumed available at the first speech amplifier grid. The button current with this type
microphone ranges from 5 to 50 mao per button.
Condenser Microphones
The condenser microphone of Fig. 611-0
consists of a two-plate capacity with one plate
stationary and the other, separated from the
first by about a thousandth of an inch, a thin
metal membrane serving as a diaphragm.
This condenser is connected in series with a
resistor and d.c. voltage source. When the
diaphragm vibrates the change in capacity
causes a small charging current to flow through
the circuit. The resulting audio voltage which
appears acr088 the resistor is fed to the tube
grid through the coupling condenser.
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The output of condenser microphones varies
with· different models, the high-quality type
being about one-hundredth to one-fiftieth as
sensitive as the double-button carbon microphone. The first amplifier tube must be built
into the microphone since the capacity of a
connecting cable would impair both output
and frequency range.
Velocity Microphones
In a velocity or ribbon microphone, the element acted upon by the sound waves is a thin
corrugated metallic ribbon suspended between
the poles of a magnet. When made to vibrate
the ribbon cuts the lines of force between the
poles in first one direction and then the other.
thus generating an alternating voltage.
The sensitivity of the velocity microphone,
with a suitable coupling transformer, is about
0.03 to 0.05 volt.
The dynamic microphone is similar to the
ribbon type in principle, but the ribbon is replaced by a coil attached to a diaphragm. The
coil provides several turns of wire cutting the
magnetic field, and thus gives greater sensitivity. A small permanent-magnet loud-speaker
makes a practical dynamic microphone.
Crystal Microphones
The input circuit for a piezo-eleetric or crystal type microphone is shown in Fig. 612-E.
The element in this type consists of a pair of
R.ochelle salts crystals cemented together, with
plated electrodes. In the more sensitive types
the crystal is mechanically coupled to a diaphragm. Sound waves actuating the diaphragm
cause the crystal to vibrate mechanically and,
by piezo-electric action, to generate a corresponding alternating voltage between the electrodes, which are connected across the grid
circuit of a vacuum tube amplifier as shown.
Unlike the other microphones described, the
crystal type requires no separate source of
current, voltage or magnetic field.
Although the sensitivity of crystal microphones varies with different models, an output
of 0.01 to 0.03 volt is representative for amateur communication types. The sensitivity is
affected by the length of the cable connecting
to the first amplifier stagc; the above figure is
for lengths of 6 or 7 feet. The frequency characteristic is unaffected by the cable but the
load resistance (amplifier grid resistor) does
affect it, the lower frequencies being attenuated as the shunt resistance becomes less. Grid
resistor values of 1 megohm and higher
should be used, 5 megohms being a customary
figure.
Frequency Ranl1e
Wide frequency response in speech input
equipment is not required for voice trans mis-

Modulation
sion, uniform frequency response from 100 to
about 3000 cycles being adequate. It is therefore satisfactory to choose a microphone intended particularly for speech transmission,
rather than one designed for broadcast program use. Since the high d. selectivity of modern amateur 'phone receivers and the use of
"tone controls" in receiver audio systems cut
off the higher frequencies anyway, the transmitted modulation frequencies above 3000
cycles are largely wasted.
• THE SPEECH AMPLIFIER
The function of the speech amplifier is to
provide sufficient gain after the microphone so
that the modulator will be driven to the required output. There are two practical cases:
first, where audio power is required for the
grids of Class-B modulators; second, where
voltage only, with negligible power, is needed
for driving a Class-A modulator.
With a Class-B modulator, the first step is
the selection of a suitable driver, as already
described. In nearly all cases the driver will
operate Class-A, or Class-AB without grid
current, so that no power is consumed in its
grid circuit. The peak audio voltage needed for
full output of the driver chosen can be found
from the tables in Chapter 20, being equal to
the operating grid bias unless otherwise specified.
Overall Gain
The minimum voltage gain required in the
speech amplifier will be

E.

E...
where E. is the peak grid voltage just found
and Em is the peak voltage output of the microphone (from the microphone transformer, if
one is used). If a Class-A modulator is used, the
required voltage gain may be calculated from
the same formula, using the operating grid
bias of the modulator for E •. It is good practice
to mUltiply the minimum gain figure by 2 or 3
in designing the speech amplifier so that ample
gain will be available for meeting varying
conditions.
The required gain usually can be attained in
two or three stages by selecting suitable tubes
from Table II. For example, when a stage giving a gain of 100 is followed by one giving a
gain of 15, the total gain is 100 X 15, or 1500.
Resistance Couplinti
Typical resistance-coupled circuits are given
in Fig. 612. Resistance coupling is preferred,
especially in high gain amplifiers, because it is

relatively inexpensive, good frequency response
can be secured, and there is little danger of hum
pickup from stray magnetic fields. The use of a

Input
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Fig. 612
Resistance-coupled voltage amplifier cir.
cuits. A, pentode; B, triode. Designation. are as follows:
CI - Cathode by-pass condenser.
C2 - Plate by.pass condenser.
C3 - Output coupling condeuser (blocking cundenser).
C4
Screen by-pass condenser.
Rl
Cathode resistor.
R2
Grid resistor.
Rs - Plate resistor.
R, - Next ... tage grid resistor.
R5 - Plate decoupling resistor.
Re - Screen resistor.
Values are given in Table II, except R2 and &. R2
will depend upon the previous stage, since it is the "next
stage grid resistor" for that stage. Values up to 1 meg·
ohm may he used with small receiving tubes. R. is usu·
ally about 20% of the value of Rs.

decoupling resistor, Rs, is good practice since
it tends to prevent feedback between stages
because of common coupling through the power
supply.
Transformer Couplinti
Transformer coupling between stages is seldom used except in cases where it is necessary
to go from a single-ended stage to a push-pull
stage, or when power is to be transferred. In
the latter case resistance coupling is highly
inefficient, but the necessity for power transfer
does not arise in purely voltage amplifiers.
Representative circuits for single-ended to
push-pull, frequently used for exciting the
grids of a Class-A or AB driver for a Class-B
amplifier, are shown in Fig. 613. In A, a plate
resistor is used for coupling, through the blocking condenser Ca, to the transformer primary.
The values given in Table II should be used,
and the gain is that given in Table II multiplied
by the secondary-to-primary turns ratio of the
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tubes are never worked near full capacity. In
these stages the voltage gain is the important
consideration.
Phase Inversion
Push-pull output may be secured with resistance coupling by using an extra tube as
shown in Fig. 614. There is a phase shift of 180
degrees through any normally-operating resistance-coupled stage, and the extra tube is used
purely to provide this phase shift without additional gain. The outputs of the two tubes are
then added to give push-pull excitation to the
next amplifier.
In Fig. 614, Vj is the regular amplifier, connected in normal fashion to the grid of one of
the push-pull tubes. The next-stage grid resistor is tapped so that part of the output
Voltage is fed to the grid of the phase inverter,
V2. This tube then amplifies the signal and
applies it in reverse phase to the grid of the

Input

16

(B)
Fig. 613 - Transformer-coupled amplifier cireuits for
driving a push.pull amplifier. A. resistance.transformer
coupling; D, transformer coupling. Designations corre·
spond to those of Fig. 611. In A, values can be taken
from Table II. In D, the cathode resistor is calculated
from tbe rated plate current and grid bias as given for
the particular type of tube used as listed in Chapter 20.
A is preferable for best frequency characteristic, D for
transferring power to the following grids, or for maxi·
mum voltage gain.

transformer. This ratio usually is 2:1. In this
circuit the transformer primary does not carry
direct current, which is advantageous in improving the frequency response.
In B the transformer primary is in series
with the plate of the tube and thus must carry
the tube plate current. When the following
amplifier operates without grid current, the
voltage gain of the stage is practically equal to
the p. of the tube multiplied by the transformer
ratio.
Triodes having an amplification factor of 20
or less are used in transformer-coupled voltage
amplifiers, since practicable transformers do
not have high enough primary impedance to
give good gain and frequency response when
used with pentodes or high-p. triodes.
Voltalle Output
The column marked "Output Volts" in
Table II is important in the selection of the
tube to excite the modulator or driver. A tube
capable of delivering the necessary peak voltage must be used for this purpose. This column
shows the maximum output voltage obtainable
without distortion, assuming that the signal at
the grid is large enough to produce this voltage.
In stages preceding the last voltage amplifier
this column may be ignored, since low-level
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Fig. 614 - Phase inversion circuit for driving a pushpull amplifier without a transformer. RI, grid resistor;
R2 and Rs, plate load resistors; R. and R., next stage
grid resistors; C, and C2, blocking or coupling condens.
ers; Ca, plate by-pass condenser. Rs is equal to half the
value specified in the table if separate tubes are used at
VI and Vi; for double triodes such as the 6N7 the
cathode resistor is given for both triode sections.

second push-pull tube. Two similar tubes
should be used at Vl and V2. with identical
plate resistors and output coupling condensers.
The tap on R4 is adjusted to make VI and V2
give equal voltage outputs so that balanced
excitation is applied to the grids of the following stage.
The cathode resistor, Rs, commonly is left
un-bypassed since this tends to help balance the
circuit. Double-triode tubes are frequently
used as phase inverters.
Choosinll a Tube Lineup
When high gain is required, a pentode ordinarily is used as the first voltage amplifier.
The second and third tubes generally are triodes.
There is less danger of instability with the
pentode-triode combination than with a pento de followed by a pentode.
As an illustration of design, suppose that a
Class-B modulator which requires 5 watts of
driving power is to be used. Consulting the
tables in Chapter 20, and bearing in mind the

Modulation
desirability of providing more driving power
than is actually used, it is found that push-pull
2A3's giving 10 watts output will make a satisfactory driver. The grid bias required is 62
volts, so that the peak grid-to-grid voltage will
be 124 volts (actually, a slightly higher voltage
will be needed since the tubes will be working
Class-AB and, with self-bias, the operating
bias will rise somewhat under full output; this
is taken care of in the allowance for reserve
gain in the voltage amplifier). Assume that a
crystal microphone, having an output of 0.01
volt, is to be used.
The 2A3's are to be coupled to the preceding
amplifier through a transformer having a 2:1
step-up ratio, therefore the preceding stage
must be capable of a voltage output of at least
124/2, or 62 peak volts. A 6C5 is capable of this
output with the circuit shown in }'ig. 613-B,
since with this circuit the voltage output can
be as high as the highest figure for a particular
type of tube in Table II. The tube gain will be
approximately equal to the IL, which from the
tube tables of Chapter 20 is found to be 20.
The signal required at the 6C5 grid is 62/20, or
3.1 volts. A 6J7 following the microphone can
give a gain (from Table II) of, say, 104, so
that its output will be 104 X 0.01, or 1.04 peak
volts. One more stage capable of a gain of

Fif!,. 616 - Output limiting circuit to prevent over.
modulation.
Cl, Co, Ca, C4 - O.l.Jd'd. paper.
Rl, Ro, Ra
250,000 ohms.
R. 25,000·ohm potentiometer.
R6
100,000 ohms.
T
See text.

difficult to speak into the microphone at e.
constant intensity. To maintain reasonably
constant output from the modulator in spite
of variations in speech intensity, it is possible
to use automatic gain control which follows the
average (not instantaneous) variations in
speech amplitude. This is accomplished by
rectifying and filtering some of the audio output and applying the rectified and filtered d.c.
to a control electrode in an early stage in the
1.04V

t

O.22:V

+

Fig. 615
Block diagram of a
typical speech amplifier, showing
voltage gain and signal level at
each.

3.1/1.04, or about 3, is needed. Allowing a
factor of safety, a 6J5 with a gain of 15 will
provide ample gain.
The speech amplifier then will look, in block
form, like Fig. 615.
Gain Control

Gain control methods are similar to those
used in audio amplifiers in receivers (Chapter
4). The gain control potentiometer should be
near the input end of the amplifier so that there
will be no danger that stages ahead of the gain
control will overload. With carbon microphones the gain control may be placed directly
across the microphone transformer secondary,
but with other types the gain control usually
will affect the frequency response of the microphone when connected directly across it. The
control is therefore usually placed in the grid
of the second stage.
Output Limiting

It is desirable to modulate as heavily as
possible without overmodulating, yet it is

I24V.

t

6J5

6C5

GAIN

GAIN

14

GAIN CONTROL

6ZV.

3.IV

t

t

20

...

GAIN

Z

amplifier. The principle is similar to that of
a.v.c. in a receiver.
A practical circuit for this purpose is shown
in Fig. 616. The rectifier must be connected,
through the transformer, to a tube capable of
delivering some power output (a small part of
the output of the power stage may be used) or
else a separate amplifier for the rectifier circuit alone may have its grid connected in
parallel with that of the last voltage amplifier.
Resistor R4 in series with R6 across the plate
supply provides variable bias on the rectifier
plates so that the limiting action can be delayed until a desired microphone input level is
reached. R2, Ra and C2, Ca, C4 form the filter,
and the output of the rectifier is connected to
the suppressor grid of the pentode first stage
of the speech amplifier.
A step-down transformer giving about 50
volts when its primary is connected to the output circuit should be used. A half-wave rectifier can be used instead of the full-wave circuit
shown, although satisfactory filtering is more
difficult.
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Workshop Practice
Tools

Constructional

IN

CONTRAST to earlier days of amateur radio,
when many components were available only
at prohibitive prices or not at all, the construction of a piece of equipment today resolves itself chiefly into proper assembly and
wiring of the various components.

• TOOLS

While the greater the variety of tools available, the easier and, perhaps, the better the job
may be done, with a little thought and care it
is possible to turn out a fine piece of equipment
with comparatively few common hand tools.
A list of tools which will be found indispensable
in the construction of amateur 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. A few
additional tools will make certain operations
easier, so it is a good idea for the amateur who
does constructional work at intervals to add to
his supply of tools from time to time. The following list will be found helpful in making a
selection:
Bench vise, 4-in. jaws

"~ethods -

Coil Winding

Tin shears, lO-in. for cutting thin sheet metal
Taper reamer, ,!1-in. for enlarging small
holes
Taper reamer, 1-in. for enlarging holes
Countersink for brace
Carpenter's plane, 8- to 12-in. for woodworking
Carpenter's saw, cross-cut
Motor-driven emery wheel for grinding
Long-shank screwdriver with screw-holding
clip for tight places
Set of "spintite" socket wrenches for hex
nuts
Set small fiat open-end wrenches for hex nuts
Wood chisel, ,!1-in.
Cold chisel, ,!1-in.
Wing dividers, 8-in. for scribing circles
Set machine-screw taps and dies
Folding rule, 6-ft.
Dusting brush
Several of the pieces of light woodworking
machinery, often sold in hardware stores and

INDISPENSADLE TOOLS
Long-noae pliers, 6-in.
Diagonal cutting pliers, 6-in.
Screwdriver, 6- to 7-in., U-in. blade
Screwdriver, 4- to 5-in., ?i-in. blade
Scratch awl or ice pick for marking linea
Combination aquare, 12-in. for laying out work
Hand drill, U-in. chuck or larger, 2-apeed type
preferable
Electric soldering iron, 100 watts
Hacksaw, 12-in. blades
Center punch for marking hole centers
Hammer, ball pien, I-lb. head
Heavy knife
Yardstick or other straight edge
Carpenter's brace with adjustable hole outter or
aocket-hole punches (see text)
Pair small" C" clamp. for holding work
Large coarse fiat file
Large round or rat-tail lile, ~-in. dlameter
Three or four small and medium files, fiat, round,
hall-round, triangular
Drills, particularly U-in .. and Nos. 18, 28, 33. 42
and 50
Combination oil stone for sharpening tool.
Solder and soldering paste (non-corroding)
Medium-weight machine oil
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A
Fig. 701- Important surface angles in drill sharpening
The point surfaces of the drill shonld be ground hack
(rom the cutting edges so that they are higher than the
rest of the surfaces; the angle of 12 to 15 degrees .hown
at A. i. quite eritical. The angle between the center point
of the drill and the cutting edges should be 120 to 135
degrees, as shown at B. The best angle between the axis
of the drill and the cutting edge is 50 degrees, as shown
at C. It is highly important to keep the length of the
cutting edges A. and B equal.

mail-order retail stores, are ideal for amateur
radio work, especially the drill press, grinding
head, band and circular saws and joiner. Although unnecessary, they are mentioned here
for those who may be in a position to acquire
them.
Ca.re of Tools

To a good workman, the proper care of tools
is not only a matter of pride, but he also realilles the energy which may be saved and the

Workshop Practice
Outlets for lamp
and test;"'!

• USEFUL MATERIALS

Iron

Fig. 702 - A work bencb for tbe amateur shop. Tbe
legs are of 4-in. by 4-in. stock, the side rails and "junk
shelf" of I-in. boards and the top of I U-in. or 1711-in.
planks. Three-eighths-inch carriage bolts should be
used to secure the legs. The top may be covered with
linoleum or similar material to present a more attractive
appearance and to prevent screws and nuts from falling
through the cracks between the boards.

annoyance which may be avoided by well kept
sharp-edge tools. A few minutes with the oil
stone or emery wheel now and then will maintain the fine cutting edges of knives, drills,
chisels, etc.
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 for best cutting
with least wear. These angles are illustrated in
Fig. 701.
The soldering iron may 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 sht;lUld be removed and cleaned of any Bcale, which may
have accumulated. An oxidized tip may be
cleaned by dipping in sal ammoniac while hot
and wiping clean with a rag. Should the tip
become pitted, it should be filed until smooth
and then tinned by dipping it in solder.
All tools should be wiped occasionally with
an oily cloth to prevent rust.
• WORK BENCH FOR THE AMATEUR
SHOP
The sketch of a simple but satisfactory work
bench is shown in Fig. 702. If space is available, it should be 6 to 9 feet long. Half-pint
mayonnaise jars make excellent receptacles for
screws, etc. They need not be labelled for the
contents may be seen at a glance. Rubber
stamp racks commonly sold in stationery
stores make good holders for screwdrivers, etc.

Small stocks of various miscellaneous
materials will be required from time to
time. Most of them may be purchased from
hardware or radio-supply stores. A representative list follows:
Y2-in. by 1/16-in. brass strip for brackets,
etc. (half-hard for bending)
7;4; -in. square brass rod or Y2-in. by Y2-in.
by 1/16-in. angle brass for corner joints
7;4;-in. diam. round brass rod for shaft
extensions
Machine screws: Round-head, flat-head
with nuts to fit. Most useful sizes,
4-36, 6-32, and 8-32 in lengths from
7;4; -in. to 1 Y2-in. (Nickeled iron will be
found satisfactory except in strong r.f.
fields where brass should be used.)
Plain washers and lock washers for screws
Bakelite and hard rubber scraps
Soldering lugs, panel bearings, rubber
grommets, lug terminal strips, cambric
tubing
Machine screws, nuts, washers, soldering
lugs, etc., are most reasonably purchased in
quantities of a gross.
• CHASSIS AND PANELS
A definite plan should be followed in laying
out and drilling a chassis and panel. Drill the
mounting holes in the panel first and then
clamp the panel to the chassis while drilling
the mounting holes in the chassis. Before removing the panel, mark a clear line across the
back of the panel along the top edge of the
chassis for future reference.
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.
Next, assemble 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 mountings
will be avoided. Place condensers and other
parts with shafts extending to the panel first
and arrange so that the controls will form the
desired pattern on the panel. Be sure to line
up the shafts square with the chassis front.
Locate any partition shields and panel brackets next and then sockets with their shields
if used, and other parts, marking the mount:
ing-hole centers of each, accurately, on the
paper. Watch out for condensers whose shafts
do not line up with the mounting holes. Do not
forget to mark the centers of socket holes and
holes for leads under Lf. transformers, etc., as
well as holes for wiring leads.
By means of the square, lines indicating accurately the centers of shafts should be ex-
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tended to the front of the chas8is and marked
on the panel at the chassis line by fastening the
panel temporarily. The hole centers may now
be punched in the chassis with the center
punch and the paper removed for drilling and
cutting holes. 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 of the chassis should be transferred
to the panel by once again fastening the panel
to the chassis and marking from the rear.
N ext 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. 703. The horizontal displacement of shafts having already been
marked on the chassis line on the panel, the
vertical displacement may now be measured
from this line and the shaft centers marked on
the back of the panel and the holes drilled.
Holes for any other panel equipment coming
above the chassis line may now be marked and
drilled and the remainder of the apparatus
mounted.

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 in the carpenter's
brace make the job much easier. A large rattail file may be clamped in the brace and makes
a very good reamer for holes up to the diameter of the file if the file is revolved counterclockwise.
For socket holes and other large round holes,
an adjustable cutter designed for the purpose
may be used in the brace. When the cutter is
well sharpened, it makes the job easy. Occasional application of machine oil in the cutting
groove usually helps. The cutter should first be
tried out on a block of wood to make sure that
it is set for the correct diameter. Probably the
easiest device of all for cutting socket holes is

DrillinA and CuttinA Holes

Fig. 704 - Cutting rectangular chassis holes. The
hacksaw blade can be inserted in one of the four holes
and then fastened in the haeksaw frame. The other hole.

In drilling holes in metal with the hand drill,
it is important that the centers be well located
with the center punch so that the drill point
will not "walk" away from the center when
starting the hole. Care should be used to pre·
vent too much pressure with small drills which
bend or break easily. When the drill starts to
break through, special care should be used and
it is often an advantage to shift a two-speed
drill to low gear at this point. Holes near U-in.
in diameter may be started with a smaller drill
and reamed out with a larger drill.
The chuck of the usual type of hand drill is
limited to U-in. drills. Although it is rather
tedious, the U -in. hole may be filed out to
larger diameters with round files. Another possible method 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,

can be used in turning the corners or in getting new

starting points for the blade.

the socket-hole punch. The best type works by
pressure applied by turning a screw with a
wrench.
Square or rectangular holes may be cut out
by using the series of small holes previously
described, but more easily by drilling a HI-in.
hole inside each corner, as illustrated in Fig.
704, and using these holes for starting and
turning the hacksaw.
The burrs or rough edges which usually
result in 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
up for this purpose.
CuttinA Threads

o
Chassis
Fig. 703 - Method of measuring heights of shafts.
If the square is adjustable, the end of the scale .hould be
let Hush with the face of the head.
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Brass rod may be threaded or the damaged
threads of a screw repaired by the use of dies.
Holes of suitable size (see drill chart) may be
threaded for screws by means of taps. Either
are obtainable in any standard machine-screw
size. A set usually consists of taps and dies for
4-36, 6-32, 8-32, 10-32 and 14-20 sizes with a
suitable holder for either tap or die. The die
may be started easily by filing a sharp taper
or bevel on the end of the rod. In tapping a
hole, extreme care should be used to prevent
breaking the tap. The tap should be kept at

Workshop Practice
NUMBERED DRRL SIZES
Diameter

Number
1

2
3
4

5
6
7

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

2.
30
31
32
IJlI

34
Iii
36
37
38
39
40
41
U
43
44
45
46
47
48
49
50
51
52
53
54

* Use

(mils)

228.0
221.0
213.0
209.0
205.0
204.0
201.0
199.0
196.0
193.5
191.0
189.0
185.0
182.0
180.0
177.0
173.0
189.0
166.0
161.0
159.0
157.0
154.0
152.0
149.5
147.0
144.0
140.6
136.0
128.5
120.0
116.0
113.0
111.0
110.0
106.5
104.0
101.5
099.5
098.0
096.0
0113.5
089.0
086.0
082.0
081.0
078.5
076.0
073.0
070.0
067.0
063.5
059.5
055.0

Will Clror
Screw

Drilled/or
TavPino Iron,
Sleel or Bras.*

12-24
14-24
12-20

10-32

10-24

12-24
8-112

12-20
10-32

10-24
6-32

8-3'

4-3& 4-40
&-3lI

3-48
4-311 (-(0

2-56
3-48

2-56

one .i,e larger drill for tapping bakelite and hard

rubber.

right angles to the surface of the material and
rotation should be reversed a revolution or
two whenever the tap starts to turn hard.
With care, holes may be tapped rapidly by
clamping the tap in the chuck of the hand drill
and using slow speed. Machine oil applied to
the tap usually makes cutting easier and sticking less troublesome.
Cuttin~ and Bendin~ Sheet Metal
If a sheet of metal is too large to be conveniently cut with a hacksaw, it may be
marked with scratches as deep as possible
along the line ot 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, used in the vise
will make the job easier. "C" clamps may be
used to keep the bars from spreading at the
ends. The rough edges may be smoothed up
with a file or by placing a large piece of emery
cloth or sandpaper on a fiat surface and running the edge of the metal back and forth over
the sheet.
Bends are made similarly. The sheet should
be scratched on both sides, but not too deeply.
Cleaning and Finishin~ Metal
Parts made of aluminum may be cleaned up
and given a satin finish, after all holes have
been drilled, by placing them in a solution of
lye for half to three-quarters of an hour. Three
or four tablespoonsful of lye should be used to
each gallon of water. If more than one piece is
treated in the same bath, each piece should be
separated from the others so as to expose all
surfaces to the solution. Overlapping of pieces
may result in spots or stains.
Crackle Finish
Wood or metal parts may be given a crackle
finish by applying one coat of clear Duco or
Tri-Seal and allowing it to dry over night. A
coat of Kern Art Metal Finish is then sprayed
or put on thickly with a brush, taking care
that the brush marks do not show. This should
be allowed to dry for two or three hours and
the part should then be baked in a household
oven at 225 degrees for one and one-half hours.
This will produce a regular commercial job.
This finish comes in several different colors and
is produced by the Sherwin-Williams Paint
Co. and should be obtainable through any
dealers handling Sherwin-Williams products.
• HOOK-UP WIRE
A popular type of wire for receivers and
low-power transmitters is that known as
"push-back" wire which comes in sizes of
No. 18 or 20 which is sufficiently large for all
power circuits except filament. The insulating
covering, which is sufficient for circuits where
voltages do not exceed 400 or 500, may be
pushed back a few inches at the end making
cutting of the insulation unnecessary when
making a connection. Filament wires should be
of sufficiently large conductor to carry the required current without appreciable voltage drop
(see Wire Table, Chapter Twenty). Rubbercovered house wire sizes No. 14 to No, 10 is
suitable for heavy-current transmitting tubes,
while No. 18 to No. 14 flexible wire is satis-

CHAPTER SEVEN

107

The Radio Amateur!s Handbook
factory for receivers and low-drain transmitting tubes where the total length of wire ill not
excessive.
Stiff bare wire, sometimes called bus-wire, is
most favored for the high r.f.-potential wiring
of transmitters and, where practicable, in
receivers. It comes in sizes No. 14 and No. 12
and is usually tin-dipped. Soft-drawn antenna
wire may also be used. Kinks or bends may be
removed by stretching 10 or 15 feet of the wire
and then cutting into small usable lengths.
The insulation covering power wiring which
will carry high transmitter voltages should be
appropriate for the voltage involved. Wire
with rubber and varnished cambric covering,
similar to ignition cable, is usually available at
radio dealers. Smaller sizes have sufficient insulation to be safe at 1000 to 1500 volts, while
the more heavily insulated types should be
used for voltages above 1500.
• WIRING TRANSMITTERS AND
RECEIVERS

It is usually advisable to do the power-supply wiring first. The leads should be bunched
together in cable form as much as possible and
kept down close to the surface of the chassis.
Chassis holes for wires should be lined with
Tubber grommets to fit the hole to prevent chafing of the insulation. In cases where powersupply leads have several branches, it is often
convenient to use fibre terminal strips as
anchorages. These strips also form handy
mountings for wire-terminal resistors, etc.
When any particular unit is provided with a
nut or thumb-screw terminal, solder-lug wire
terminals to fit are useful.
High-potential r.f. wiring should be well
spaced from the chassis or other grounded
metal surfaces and should run as directly as
possible between the points to be connected
without fancy bends. When wiring balanced or
push-pull circuits, care should be taken to
make the r.r. wiring on each side of the circuit
as symmetrical as possible. When it is necessary to pass r.f. wiring through the chassis, a
feed-through insulator of low-loss material
should be used, or the hole in the chassis should
be of sufficient size to provide plenty of air
space around the wire. Large-diameter rubber
grommets may be used to prevent accidental
short-circuit to the chassis.
By-pass condensers should be connected
directly to the point to be by-passed and
grounded immediately at the nearest available
mounting screw, making certain that the
screw makes good electrical contact with the
chassis. In using tubular paper by-pass condensers, care should be taken to connect the
"foil" side to ground.
Blocking and coupling condensers should be
mounted well spaced from the chassis.
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High-voltage wiring should he done in such

a manner that exposed pointg

lU'Q kQpt llt

!l.

minimum and those which cannot be avoided
are rendered as inaccessible as possible to
accidental contact.
• SOLDERING

The secret of good soldering is in allowing
time for the joint, not the solder, to attain sufficient temperature. Sufficient heat should be
applied so that the solder will melt when it
comes in contact with the wire forming the
joint without the necessity for touching the
solder to the iron. Soldering paste, if the noncorroding type, is extremely useful when used
correctly. In general, it should not be used for
radio work except when it is necessary to make
the soldered joint with one hand. In this case,
the joint should first be warmed slightly and
the soldering paste applied with a piece of
wire. Only the soldering paste which melts
from the warmth of the joint should be used. If
the soldering iron is clean, it will be possible to
pick up a drop of solder on the tip of the iron
which can be applied to the joint with one
hand, while the other 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.
• CONSTRUCTION NOTES

Lockwashers should be used under nuts to
prevent loosening with use, particularly when
mounting tube sockets or plug-in coil receptacles subject to frequent strain.
If a control shaft must be extended or insulated, a flexible shaft coupling with adequate
insulation must be used. Satisfactory support
for the shaft extension may 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 to the chassis with a wire or grounding
strip. This prevents any possible danger
• COIL CEMENT

Duco cement, obtainable universally at
hardware, stationery or five-and-ten-{)ent
stores, is a very satisfactory substance for
fastening coil turns. For small coils, however,
it is rather thick and a better-looking job will
result if it is thinned out with acetone, amyl
acetate sometimes referred to as banana oil.
If desired, the solution may be made thin
enough to permit application with a brush.

Construction of Receivers
Regenerative Receivers - Low-Cost Superhet Designs - Converters - Beat Oscillators - Preselection
Antenna
Tuning

'tion
rHEtohome-built
receiver has strong competimeet in the greatly-diversified line of
receiving equipment now available from a number of manufacturers, especially on a cost basis.
The question of whether to buy or build is,
therefore, not easily decided. However, the
satisfaction that comes from having built one's
own receiver, plus more ready willingness to
experiment, as new ideas come along to be
tried, with the product of one's own hands than
with a factory-made outfit, are two reasons in
favor of home construction. This is especially
true with the simpler types of set. It must be
admitted that the average manufactured receiver of the morc elaborate variety is characterized by a much higher order of mechanical
construction than is possible with simple tools
in the home workshop.
The receivers described in this chapter have
been built upon the principle of obtaining maximum performance per dollar of cost. They are
all relatively inexpensive to build. Free use is
made of regeneration to obtain gain and selectivity with a small number of tubes and circuits. This means that much of the success
of the receiver depends upon the skill of the
operator in bringing its inherent performance
capabilities to realization. This skill can easily
be acquired with a little practice, and once
acquired the operator can rest assured that his
results compare favorably with those obtained
from much more expensive equipment.
The receivers described here do not include
power-supply equipment. It is best not to attempt to build the receiver and power supply
on the same chassis, since considerable care
is needed to prevent hum from either electrical
or mechanical shortcomings. The power supply
requirements are given, and the supply itself
may be constructed from the data in Chapter 11.

tubes as well as those intended for operation
from the a.c. line may bc used in it, it is also
a thoroughly practical portable receiver as well.
Light-weight dry "A" and "B" batteries will
furnish power for it with excellent life.
The circuit diagram is given in Fig. 803.
Socket connections for both battery and a.c.
tubes are the same, although if a.c. tubes are to
be used exclusively the screen-grid connection
shown in the audio stage may be omitted,
while if battery tubes only are to be used the
cathode resistor, R3, and by-pass condenser,
C9, in the audio amplifier can be left out.
The receiver is built on a 7 by 7 by 2 inch
metal chassis. The top view of the set shows
clearly how the parts are arranged on the base
and panel. The sockets for the two tubes and
the power-supply plug (at the rear) project
through the base. Each hole should be just
large enough to pass the socket
about 1 ~
inches in diameter - and the centers should be
2 % inches back from the panel and 1 U inches
in from the edges of the chassis.
The coil socket is midway between the two
tube sockets and is also 2% inches behind the
panel. This socket is supported by two 1 ~-inch

• A TWO-TUBE REGENERATIVE RECEIVER
The simplest receiver capable of giving satisfactory results in everyday operation is one
consisting of a regenerative detector plus a
single audio amplifier for headphone output.
Figs. 801-805, inclusive, show a two-tube re-

ceiver of this type which i5 well 5uited for
duplication by beginners. Since dry-battery

Fig. 801 -The receiver mounted in its cabinet and
ready for U8e.
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Fi8. 802
A top-of-chassis view of the two-tube reo
generative receiver.

6-32 bolts. The socket ring is held firmly on the
head end of the bolts by tightening nuts on the
under side of the ring, and the bolts are then
run through holes in the chassis and held firmly
by nuts and washers on both sides. If small
brass pillars are available to slip over the bolts,
they can be added for some slight additional
strength.
The coil socket is mounted with the two large
holes faCing towards the right-hand side of the
set (looking at the receiver from the front) and
the tube sockets are mounted with the notches
on the centering holes towards the panel. The
orientation of supply-plug socket is immaterial.
Holes in the chassis for leads from E and F on
the coil socket are made large enough to accommodate small rubber grommets which in-

sulate the wires running through the holes
from the metal. A soldering lug is Fastened
under the supporting bolt adjacent to the hole
under B, and the wire from B solders to this
lug to form a ground connection.
The antenna terminal is made from a small
porcelain stand-off pillar, secured to the base
by a bolt from the underside, and a bolt is
screwed in at the top of the pillar (after the
head of the bolt has been sawed off) and locked
in place by a nut. The antenna condenser, C3, is
then slipped over the bolt and held in place by
another nut. Two washers are then slipped
on the bolt and a final nut completes the assembly, which swerves as a support for the condenser and also as the antenna binding post.
The ground post is made from a bolt through
the baseboard which has a convenient soldering lug held in place by a washer and the bottom nut. The paint should be scraped from the
chassis so that the lug makes good electrical
contact.
The choke L4 and the transformer TI are held
in place by bolts, and holes are drilled in the
base for the wires from these components.
The arrangement of parts on the panel will
become clear after inspection of the front and
top views. The condensers CI and C2 are supported on the panel by bolts fastening to the
mounts provided on the condensers. Large
holes are drilled to clear the shafts. The dial is
fastened by the three screws provided for the
purpose, and it should be centered carefully so
that there is no tendency towards binding,
which might keep the dial from working
smoothly.
The panel measures 8 inches by 8;4 inches
and is the one furnished with the cabinet. The
band-set condenser, C2, and the regeneration
control, R 4 , are 2%: inches away from the main
tuning condenser, CI, so that the knobs will
clear the edge of the dial. CI is placed in the
center of the panel and the switch, Sw, and
the phone tip jacks are centered under C2 and
R4 respectively, at a height of 1 inch from the
bottom of the panel.

TWO.TUBE RECEIVER COIL TABLE
Turn.
Range, Me.

Amal6ur Band, Me.

LI

L2

1.1>5- 3.0

1.75

48%;

13~

2

2.8

0.5

3.5

22%;

1O~

3

5.0 -10.5

7.0

15%;

7~

No.

La

13
(28)
8~
(20~)

5~
(l2~)

4

7.5 -10.5

14.0

II

10.0 -33.0

28.0

9%;
(8%;)
3

4~

5~
(5~)

3)4

2)4

a

Dimensions, I nche8
b
d

Band Spread
Tap

lYo Yo % Va %
~

Va )4 Va

~

)4

~

)4

U

Va

Va )4

(%;)
)4
(~)

Yo

7

Yo

2~

(%)

(-) (U)

~ )4 )4
Va
(not recommended)

All coila are wound with No. 24 d.s.e. wire. The taps are counted off from the lower end of Ll (connection B); coils No,
1 and 2 are not tapped and terminal D goes directly to C inside the eoil form. All LI'. are spaee-wound except on eoil
No.1: all Lo's and J.4 are close-wound except on coil No.5, where I,a is spaee-wound within LI.
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Construction of Receivers
The remaining receiver parts are mounted positions, and a study of Fig. 804 will furnish a
underneath the chassis. They can be identified clear picture of how to run the leads. The sereadily in Fig. 894. Although the exact place- quence of the connections on the power-plug
ment of parts is not critical, the general ar- socket is of no importance. The switch, Sw, in
rangement shown should be followed, since it the positive B lead, is necessary so that the batresults in short radio-frequency leads and also tery plate supply will not be wasted during
lends itself to convenient wiring.
transmission periods. The heater or filament
Connections in the tuning circuit (between power, which is left on during any operating
the variable condensers and the coil socket) period, is most conveniently disconnected at
are made with bus wire as shown in Fig. 802. the source, whether it be battery or transA wire from the rotor of C: goes to the rotor of former.
Coil data are given in the table and should
Ct and thence to B on the coil socket. Another
wire from B goes through the base and over to be followed closely as a start. When starting to
the No.2 pin of the detector socket. Finally, a wind a coil, first solder one end of the wire
wire from B is run to the ground binding post in the proper pin, after threading the wire
at the rear of the set.
through a small hole in the coil form. Then seThe grid condenser, C4, and the grid leak, Rb cure the distant end of the wire (after unwindare mounted on the stator terminal of C2, being ing from the spool as much wire as is judged
soldered directly to the lug. Thus only a short necessary for the coil) to a doorknob or other
connection is needed to run to the grid cap of convenient point, and wind the coil by stretchthe tube and there is little tendency to pick up ing the wire taut and walking towards the far
hum from nearby power wires.
end of the wire as the coil form is revolved in
Pieces of bus wire are used to connect the the hand. This will wind the wire tightly on the
stators of the tuning condensers to the proper form and result in a much better-looking coil
coil socket terminals, and
6C50r
6J10r
INS-GT
lAS
another piece of the wire
is used from F on the coil
socket to the screen-grid
pin (No. 4)oC the detector
socket. The rest of the
connections are made with
smaller "push-back"
GhD.
wire.
Of the three wires from
the variable resistor, R 4 ,
the one from the righthand side (looking at it
- C + -FiL.,'+
B+
from the back) goes to the
e..
- ...
ground bus, the center
one runs over to one side
With bJ1 and 6C5,
of C., and the third terminal connects to switch
Sw through R •. Connected
8+
C
+
- fll +
in this manner, turning
the knob clockwise will
WitJ, INS-GTandIA5,
~
increase the screen volt~
~
9,ge and consequently the
Fi8. 803 - Wirinl! diagram of the two. tube receiver.
feedback.
CI-35.""fd. midget variahl~ (Millen 20035 or Hammarlund HF-35).
In connecting C9, be Ca -l00.~,.£d. midget variable (Millen 20100 or Hammarlund HF .100).
mre the .. pi us" terminal Ca - 3-30·",.£d. mica trimmer condenser (Millen 26030, Hammarlund MEX or
NationaIM30).
goes to the No.8 pin on C. 100.",.£d.
midget mica.
the amplifier tube socket. Ca - 0.5."fd., 400·volt paper.
Ce,
C7
0.0005.,.£d.
midget miea.
The "minus" terminal
C8 - O.OI.,.£d., 6OO.volt paper.
should connect to the Co
1O."fd•• 25.voh electrolytic.
common ground wire. If RI - 2.megohm, l.watt carhon.
R.
O.5-megohm,
~.watt carbon.
this connection is not
made properly, the con- Ra - 1000-ohm. ~.watt carholl.
- 25,OOO-obm wire·wound potentiometer.
denser will not function R4
Re -15.000-ohm. l.watt carhon.
correctly and may be LI, 14. La - See Fi,. 805 and coil table.
L - 500.henry audio choke IThordafllOD T67C46).
damaged.
The rest of the wires '1'1 - Audio transformer (Thordal'8On T13A34).
SW - Single-pole einsle-tbrow tOSilie switch.
are placed in convenient RFC - 2.5·mb. radio-frequf'ney cboke.
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than if the form is held and the wire wrapped

(and" C," if needed) can now be connected and
the switch, Sw, closed. The switch is closed
been wound on the form, the wire is cut a foot
when the toggle is pointing towards the side of
from the form and this end threaded through the switch from which the terminals are
the proper hole and pin in the form. The insula- brought out.
tion is then scraped from the end of the wire
Now turn the regeneration control knob in a
brought through the pin, and the wire is sol- clockwise direction until the set goes into oscildered to the pin. The important thing is to lation. This phenomenon is easily recognizable
wind on the wire evenly and as tightly as pos- by a distinct click, thud or hissing sound. The
sible. In the case of spaced turns, the wire is point where oscillation iust begins is the most
wound on first by spacing the turns by eye and,
sensitive operating point at that particular
after the ends have been soldered, the turns dial setting.
can be moved slightly to give more even
The tuning dial may now be slowly turned,
spacing, or string can be wound between the
the regeneration control knob being varied
turns and then unwound.
simultaneously (if necessary) to keep the set
Taps are made on Ll by drilling a small hole iust oscillating. A number of stations will probin the form at the proper point (after the coil ably be heard. A little practice will make tuning
has been wound and properly spaced), scraping easy.
the insulation on the wire for a very small dis-If the set refuses to oscillate, the sensitivity
will be poor and no code signals will be heard on
tance either side of the hole, and soldering the
end of a short length of wire to the scraped the frequencies at which such signals should be
portion.
expected. It should oscillate easily, however, if
After the set is completed and the wiring the coils are made exactly as shown and the
checked to make sure that it is exactly as tubes and batteries are good. It sometimes hapshown, insert the No. 3 coil (selected because pens that the antenna takes so much energy
signals can usually be heard in this range at any from the set that it cannot oscillate, this usutime of the day or night) in the coil socket and ally resulting in "holes" in the range where no
signals can be picked up (and where the hissing
connect the headphones, antenna and ground,
and the heater supply. The heater supply, as sound cannot be obtained). This can be cured
well as the plate power, is conveniently con- by reducing the capacity of Ca (unscrewing the
nected by means of a 5-wire cable and a 5-prong adjusting screw) until the detector again oscilplug which fits into the socket at the rear of the lates. If it still refuses to oscillate, the coil La
set. After the heater supply has been connected
must be moved nearer to L2 or, in extreme
for a few minutes, the metal tubes should feel
cases, a turn or two must be added to La. This
warm to the touch; the dry-battery tubes heat is best done by rewinding with more turns
up instantly but there is no detectable sign rather than by trying to add a turn or two to
the already-wound coil. For any given band of
that they are on. If the tubes do not warm up,
the wiring should be checked. The" B" battery frequencies, adjust Ca (and possibly La) so that
the detector oscillates over the
whole range, using as much capacity at Cs as is possible. This
will give the best compromise
between dead spots and signal
strength. It will be found that less
advancing of the regeneration control, R4 , is required at the high-frequency end of a coil range (C2 at
or near minimum capacity) than at
the low-frequency range. Since it is
desirable to have the detector go
into oscillation with the regeneration control advanced well towards
its maximum, the best adjustment
of the antenna condenser, Ca, and
the feedback coil, L3, is that which
requires almost a maximum setting
of the regeneration control at the
low-frequency end (maximum capacity of C2) of any coil range.
Coil No.1 just misses the highFig. 804 - The uuderside of the two-tube receiver chassis, showing
bow the panel is spaced away from the cbassis (necessary only wben a frequency end of the broadcast
band, but it is possible to hear
cabinet is used).

around. When the propllf numb~r of turns has
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To stator Plates
police stations and the 160-meter
0(e2
amateur band with it, as well as
other services. The amateur band is
most easily located by listening at
TeStator
night (when there is the most activPlates
ity), setting (It at maximum and
ofC,
slowly tuning with C2 until some of
BOTTOM VIEW
the police stations are heard. These
OF TUBE SOCKET
To Groundond
7OCs onJR4
stations operate on 1712 kc., 80 that
Rotor Plo1:eS of e,and Cz
once found they become "markers"
TOP VIEW OF COIL SOCKET
for the low-frequency end of the band.
Further tuning then should be done
with the main tuning dial, and many
amateur stations should be heard.
The band-set condenser setting will
L
work out to be about 70% to 80%
.fully meshed, for the 160-meter amac
-.i...
teur band.
Lz
Locating the amateur bands on the
-::;:"'e
other coils is done in much the same
L3
manner, by searching carefully with
C2. The 3.5-4.0-Mc. amateur band
will be found on coil No. 2 at about
65% setting of C2; it will be easiest to
0<:8 rEA
OCBFEA
locate this band by setting C1 at minimum capacity (plates unmeshed) and
8
A
adjusting C2 until amateur 'phone
Fig.
80S
Tube
and
/lOcket
connections
the reo
stations are heard. Again this is best done at ceiver. AU of the coils except No.5 for metalfor
tubes and
night, when the activity is heaviest on this No.4 for battery tubes are wound as at A; B shows how
band. On coil No.3, the 7-Mc. amateur band coil No.5 for metal tubes and No.4 for battery tuhes
will be found with C2 meshed about 45%; the are wound. ,All coils for anyone range must be wound
the same direction. In the:table (p. 110) the values
14- and 28-Mc. bands are found with C2 meshed in
given in parentheses apply only to the hattery.tube
about 20% and 15% respectively.
coils, otherwise tbe values are tbe same for both types
Since a regenerative receiver is particularly of tuhes.
susceptible to hum troubles when operated
with a rectified a' c. plate supply, a 90-volt "B" volt "B" battery for plate supply. It can
battery (two 45-volt blocks in series) is recom- therefore be used either as an inexpensive station receiver or for portable work when a car
mended for this purpose.
A suitable antenna for the receiver would be battery is available.
The circuit diagram is given in Fig. 807. A
50 to 75 feet long, and as high and clear of surrounding objects as possible. The ground lead 6K8 is used as a combined oscillator-mixer,
should preferably be short; a ground to a followed by a 6SK7 Lf. amplifier. The interheating radiator or any of the water piping is mediate frequency is 1600 kc., a frequency
which reduces image response on the higher
good. (Bib. 1.)
frequencies and simplifies the design for low• A THREE·TUBE GENERAL COVERAGE frequency operation in the region below the
AND BAND·SPREAD SUPERHET
broadcast band. One section of the 6C8G
A superhet type receiver can be constructed double triode is used as a second detector and
almost as simply as a regenerative detector the other section as a beat-frequency oscillaset, but is of course capable of a much higher tor. Headphone output is taken from the
order of performance especially on the lower plate circuit of the second detector.
frequencies where image response is not seriTo simplify construction and eliminate padous. An example of such a receiver is given in ding condensers on each plug-in coil, the anFigs. 806-810. The circuit uses a minimum tenna circuit is not ganged with the oscillator,
number of tubes for good performance, and but must be separately tuned to resonance
gives continuous frequency coverage from with the incoming signal if maximum signal
about 75 kc. (4000 meters) to 60 Mc. (5 strength is desired. The input tuning control,
meters). Provision is made for spreading each C l , may be used as a volume control by deof the amateur bands over most of the tuning tuning from resonance.
dial The receiver is intended for operation
The mixer grid circuit, LlC l , is tuned to the
from either a 6.3-volt transformer or 6-volt signal frequency; L2 is the antenna coupling
storage battery for filament supply, and a 90- coil. The oscillator circuit, LaC2 C s, is tuned 1600
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on each band so that it coincides with the tuning range in
the mixer grid circuit
The U. stage uses interstagetype transformers at both Tl
and T 2 ; these are permeabilitytuned units with silvered-mica
fixed padding condensers. The
second detector is cathodebiased by R" with C u a bypass for audio frequencies. The
plate by-pass condenser, C l2 ,
helps cut down high-frequency
response and thus reduces hiss.
The second 6C8G section is
the beat oscillator, using a permeability-tuned transformer
made for the purpose. The grid
condenser and leak are built
into the transformer. The plate
is fed through the b.o. on-off
switch and a dropping resistor,
Rs, the latter serving both to
reduce the" B" current drain
Fig. 806 - The three-tuhe superhet, designed lor either a.c. or d.c.
and to cut down the output of
heater operation and 90-voIt "B" hattery plate supply.
the oscillator to a value suitable for good heterodyning. No
kc. higher than the signal on frequencies up to special coupling is needed between the beat os5 Me.; above 5 Me. the oscillator is 1600 kc.
cillator and the second detector; there is enough
lower than the signal to improve stability. The stray coupling between the two sections of the
resonant circuit is in the plate of the oscillator tube to introduce the beat frequency into the
and a tickler in the grid circuit provides the detector circuit.
feedback for oscillation. C2 is the general covThe plates and screens of all tubes except the
erage or band-setting condenser, Ca the bandbeat oscillator are operated at the same voltspread or tuning condenser. C, is a tracking age - 90 volts. The" B" current drain is apcondenser which sets the oscillator tuning range proximately 15 milliamperes, which is about

Phones

j

Co - 0.002.,.ld. mica.
C7 - 250.,. .. fd. mica.
Cs - 0.002 ... fd. mica.
All Heaters
CD, CIO - O.Ol.,.fd. paper.
CII - 5.,.fd. electrolytic, 50-volt.
'----+---<~ _____ t B
Cu, Cia - 0.002-,.fd. mica.
5,
B
RI - 50,000 ohms, Y2-watt.
Rs, Ra - 250 ohms, Y2-watt.
R. -12,000 ohms, Y2-watt.
6.3V.
Ra - 50,000 ohms, Y2.watt.
TI, T. - 1600-kc. permeability-tuned i.I. transformer,
Fig_ 807 - The three-tuhe superhet wiring diagram.
interstage typc (Sickles 9282).
CI -140-..,.fd. variahle (Hammarlund MC-140-M).
Ta - 1600-kc. heat oscillator transformer (Sickles 9127).
C2 - 100-,...fd. variable (Hammarlund MC-100-M).
LI, Ls, La, L. - See coil table.
Ca - 35-....fd. variahle (Hammarlund HF -35).
51. 52 - S.p.s.t. toggle switch.
C. - Oscillator padder; see coil tahle.
RFC - 2_5-mh. r.f. choke.
C. - O.l-,.fd. paper.

t
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COIL DATA FOR THE THREE-TUBE SUPERHET
Turns
Range

A- 76-154 ke ...................................
166-360 kc ...................................
401}-15OO ke......... ........................
,
B--1.6 to 3.2 Me. (160) •....••. ,
C - 3.00 to 5.7 Me. (80) ......•................•..
D - 5.4 to 10.0 Me. (40) ..........................
E
9.5 to 18 Me. (20) .••...........
,',
F - 15.0 to 30 Me. (10) ...........................
G - 30 to 60 Me. (5) ..... .......................

.......... ......
.....

....

30mh.
8mh.
2.5 mh.•
56
32
18
10
6
3

La Tap

La

Ll

I mh.}
1 mho

,.

10
8
8

8
4
3

65

12

Top

42
21
22
12
6
3J.i

11
9

Top
Top
12
6
2J.i

~~

1

300 ppfd.
75
100

p~fd.
p~fd.

0.002 pfd.
400 ~~fd.
400 ~I'fd.
300 ~pfd.

,. See Fig. 810 and text lor details. C. is mounted inside oscillator coil form; Bee Fig. 810. Band...pread tapa on La measured
from bottom (plus-B end) of coil. La·A and L,·B coils close-wound with No. 22 enamelled wire; La-B close-wound with No. 20
enamelled; all other grid coils (L, and La) wound with No. 18 enamelled. spaced to give a length of IJ.i inches on a IJ.iinch diamet.,r form (Hammarlund SWF) except the G coils, whieh areapaced to a length of 1 inch on I-inch diameter forms
(Millen 45004 and 45005). Antenna and plate coils, L2 and L., are close-wound with No. 24 enamelled, spaced about oneeighth inch from hottomJI of grid ooils, except for L,.a, which is interwound with La.

the normal drain for medium-size "B" bat- be seen extending to the left toward the oscilteries. The receiver will operate satisfactorily, lator coil socket in Fig. 808. Power supply conbut with somewhat reduced volume, with a nections should be soldered to the 6K8 socket
single 45-volt battery for "B" supply.
prongs before the socket is mounted, and these
The parts arrangement is shown in the pho- leads brought down through a hole in the
tographs of Figs. 808 and 809. The chassis is chassis.
5}2 by 9}2 by 1}2 inches. The panel, made
C1 and C2 are mounted directly on the
from a piece of aluminum, is 10}2 inches wide chassis. Ca is held from the panel by means of
and 6 inches high. The mixer tuning condenser, a small bracket made from metal strip, bent so
CIr is at the right, band-spread tuning conden- that the condenser shaft lines up with the dial
ser Cs in the center, controlled by the National coupling. A shield made of aluminum separates
Type A 3}2-inch dial, and the band-set con- the oscillator and mixer sections; this shield
denser, C2, at the left. The on-off switches for is essential to prevent coupling between the
the "B" supply and the beat oscillator are two circuits which might otherwise cause intermounted on the front edge of the chassis as action and poor performance.
shown.
The first step in. putting the receiver into
Referring to the top view, Fig. 808, the Lf. operation is to align the i.f. amplifier. This
section is along the rear edge, with Tl at the should preferably be done with the aid of a test
right. Next is the socket for the 6SK7, then T2 oscillator, but if one is not available the circuits
and finally Ta at the extreme left. The socket may be aligned on hiss or noise. The beat oscilfor the 6C8G is just in front of Ta. The triode lator can also be used to furnish a signal for
section with the grid brought out to
the top cap is used for the beat oscillator.
The r.f. section has been arranged
for shortleads to favor high-frequency
operation. The three sockets grouped
closely together in the center are, from
left to right, the oscillator coil socket,
socket for the 6K8, and the mixer coil
socket. All are mounted above the
chassis by means of mounting pillars,
so that practically all r.f. leads are
above deck. The oscillator grid leak,
RI, and the high-frequency cathode
by-pass condenser, Ce, should be
mounted directly on the socket before
it is installed. So also should the osFig. 808 - A plan view of the three-tube superhet with the coila
cillator grid condenser, C1 • which can and tubes removed.
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purpose as shown in Fig. 806. Calibration points may be taken from
incoming signals of known frequency, from a calibrated test osciIIator, or from harmonics of a
100-kc. oscillator as described in
Chapter 17. The mixer calibrations
need only be approximate, since
tuning of the mixer circuit has
little effect on the oscillator frequency. It is sufficient to make a
calibration which ensures that the
mixer is tuned to the desired signal
rather than the image.
On the broadcast band, the tuning range is such that with C2 set
at 1500 kc. the entire band will be
covered on Ca. It is necessary, however, to change the tap on the
mixer coil to make the antenna
Fig. 809 - Below the chassis of the three-tuhe receiver. The r.f.
choke is mounted near the oaeillator coil socket to keep the f.f. leads circuit cover the entire band. Only
short. In the Lf. stage. care should he taken to keep the plate and one oscillator coil is needed for the
grid leads from the i.f. transformer short and welt separated. A four. complete range from 75 to 1500
wire cahle is used for power supply connections. The 'phone tip jacks kc., because of the rather high inarc in the upper right corner.
termediate frequency, but a series
alignment. Further information on alignment of coils is needed to cover the same range in the
may be found in Chapter 9.
mixer circuit.
The coils are wound as shown in Fig. 810.
The sensitivity of the receiver on 56 Me. is
A complete set of specifications is given in the
OSCILLATOR
MIXER
coil table, but the builder can make only those
covering frequencies in which he is interested
if preferred. Ordinary windings are used for
all oscillator coils, and for all mixer coils for
frequencies above 1600 kc. Below 1600 kc.,
readily available r.r. chokes are used for the
tuned circuits. For the broadcast band and
the 600-750-meter ship-to-shore channels, the
mixer coil is a Hammarlund 2.5-mh. d. choke,
with the pies tapped as shown in Fig. 810. The
grid end and the intermediate tap are connected
to machine screws mounted near the top of the
coil form, and a flexible lead is brought out
MIXER
from the grid pin in the coil form to be fastened
G R I D ® 2 ANT
to either lead as desired. Mixer coils for the
osc.
GRID
two lowest-frequency ranges are constructed as GND.-+o-F.:~ 4 GOND.
L,
lz
shown. The antenna winding in each case is a
coil taken from an old 465-ka. i.f. transformer,
GND.
4
3
ANT. OR
GND.
OSC PLATE
having an inductance of about 1 millihenry.
TOP OF SOCKET VIEWS
The inductance is not particularly critical, and
a pie from a 2.5-mh. choke may be used instead.
With the i.f. aligned, the detector and oscillator coils for a band can be plugged in. Ca
should be set near minimum and C2 tuned from
minimum until a signal is heard. Then C1 is
adjusted for maximum signal strength. If C2
is set at the high-frequency end of an amateur
band, further tuning should be done with Ca,
and the band should be found to cover about
75 per cent of the dial. Ca can of course be used
LOW-FREQUENCY MIXER COILS
for band-spread tuning outside the amateur
F'ill. 810 - How the coils for the three-tuhe superhet
bands. It is convenient to calibrate the re- are constructed. On the hand.wound coils. all windings
ceiver, using home-made paper scales for the are in the same direction.
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Olher-i1...
6F6Ntr

+6

Fig. 812 - Pentode audio am·
plifier for the three·tube superhet.
Except as noted below. compo.
nents correspond to those bearing
similar numbers in Fig. 807.
CI.
O.I.;tfd. paper
C16 -25·;tfd. electrolytic. SO-volt
Ra - 120,000 ohms, Yli-watt
Ih - 500,000-ohm volume control
Rs -400 ohms, I-watt
J Closed-circuit jack

".

Ntrs

63\1

not as good as on the lower frequencies, or as
would be expected from a receiver laid out
primarily for ultra-high-frequency operation,
but is sufficient for occasional listening on this
band.

-250+

be regulated by a VR-I05-30 regulator tube.
The primary winding of the speaker output
transformer always should be connected in
the plate circuit of the 6F6 when the tube is
being fed" B" voltage. Operating without the
plate circuit elosed is likely to damage the
screen. Any speaker having a transformer with
primary impedance of 7000 ohms will be satisfactorYi a permanent-magnet dynamic is convenient since no field supply is necessary.
For portable work the 6F6 may be removed
from the receiver and the three tubes used on
batteries as previously described.

Addinl!, an Audio Stal!,e to the Three-Tube
Superhet
Very frequently the builder of a small receiver wishes it to operate a loud speaker. The
three-tube receiver just described is designed
for headphone operation, but readily can be
converted to a four-tube set for use with a
speaker. For this purpose a 6F6 pentode can be
added to the circuit diagram as shown in Fig. • A REGENERATIVE SINGLE·SIGNAL
RECEIVER
812. There is ample chassis spaee for installaAn inexpensive amateur-band receiver of
tion of the additional tube. Figs. 811 and 813
show how the receiver looks when completed. relatively simple construction, using i.f. reFor the purpose of driving the audio stage, generation for single-signal reception, is shown
resistance coupling is used from the plate of the in Fig. 814. Fig. 815 gives the circuit diagram.
second detector to the grid of the 6F6. A vol- Regeneration is used in the mixer circuit to
ume control is used for the grid resistor of the improve the signal-to-image ratio and to give
6F6, and a jack installed in the second detector added gain.
The mixer, a 6SA7, is coupled to the antenna
plate circuit so that a headphone plug may be
inserted. The volume control, R7, should be the and is separately excited by a 6J5 oscillator.
midget type so that it will fit in the chassis, There is a single 460-kc. Lf. stage, using a
and is installed with its control projecting under the tuning dial. In the
bottom view, Fig. 813, the 6F6 socket
is in the upper left corner, along with
the cathode resistor and by-pass eondenser, Rs and Cll;. The coupling con·
denser, Cl<!, and plate resistor, R6 , are
mounted on an insulated lug strip
near the volume control.
The 6F6 will require a plate supply
of 250 volts at about 40 milliamperes.
This may be taken from a regular
power pack, and a five-wire connection cable is used to provide an extra
lead for the purpose. The first three
tubes may be operated from a HB"
battery as before. Alternatively, the
power supply may be constructed
with a tap giving 90 or 100 volts for
these tubes, the tap being connected
to the proper wire in the eonnection
cable. For best performance, the
Fig. 811
The audio amplifier tube illstalled 011 the chassis of
output voltage of such a tap should the three-tube receiver.
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fier output. The headphones connect
In the plate circuit of the triode section of the 6SQ7; R17 is the audio
volume control.
The top and bottom views, Figs.
816 and 817, show the layout quite
clearly. The chassis is 11 by 7 by 2
inches and the panel 7 by 12 inches,
both standard sizes. The band-spread
tuning condenser, Ca, is at the front
center; at the left is C1, the mixer
tuning condenser; and at the right,
C2, the oscillator band-set condenser.
The oscillator tube is directly behind
Ca, with the mixer tube to the left on
the other side of a baffle shield which
separates the two d. sections. This
shield, measuring 4~ by 472 inches,
Fig. 813 - Additional parts for the audio output stage can read. is used to prevent coupling between
i1y be ideutified in this sub-ehassis view of the receiver.
oscillator and mixer. The mixer coil
socket is at the left edge of the chassis
6SK7 and permeability-tuned transformers. behind Cli the oscillator coil socket is beThe second detector and first audio amplifier tween C2 and Ca.
is a 6SQ7 and the audio output tube for loudThe U. and audio sections are along the rear
speaker operation is a 6F6. The separate beat edge of the chassis. The transformer in the
oscillator circuit uses a 6C5. A VR-I05 voltage rear left corner is T l ; next to it is the i.f.
regulator tube is used to stabilize the plate tube, then T 2• Next in line is the 6SQ7, folvoltage on the oscillators and the screen volt- lowed by the 6C5 beat oscillator, the b.o.
age on the mixer and i.f. tubes.
transformer, Ta and finally the 6F6. The YR·
To make construction easy and to avoid the 105 is just in front of Ta. The U. transformers
necessity for additional trimmer condensers should be mounted with their adjusting screws
on each coil, the mixer and high-frequency os- projecting to the rear where they are easily
cillator circuits are separately tuned. Main accessible.
tuning is by the oscillator band-spread conThe controls along the bottom edge of the
denser, Ca, which is operated by the calibrated panel are, from left to right, the mixer regendial. C2 is the oscillator band-setting condenser. eration control, R15, the Lf. gain control, RIG,
The mixer circuit is tuned by Clp and regenera- the audio volume control, R 17 , and the beattion in this circuit is controlled by R15, con- oscillator vernier condenser, C 21 • The latter has
nected across the mixer tickler coil, L3.
Rl S is the Lf. amplifier gain control,
which also serves as an i.f. regeneration control when this stage is made
regenerative. C15 is the regeneration
condenser; it is adjusted to feed back
a small amount of Lf. energy from the
plate to the grid of the 6SK7 and thus
produce oscillation. If the high selectivity afforded by Lf. regeneration is
not wanted, C15 may be omitted.
Diode rectification i~ used in the
~econd detector circuit. One of the
two diode plates in the 6SQ7 is used
for developing a.v.c. voltage, being
coupled through C22 to the deter-tor
diode. The detector load resistor consists of R5 aud R7 in series, the tap
being used fo( d. filtering of the
audio output to the triode section of
the tube. R18 is the a.v.c. load resistor; R 9 , Cl4 and C12 constitute the
Fig. 814 - A 7·tube superhet using regeneration to give single.
a.v.c. filter circuit. 8 2 cuts the a.v.c. signal reception and improve image ratio. The dial (National ANC)
out of circuit by grounding the recti- may be directly calibrated for each amateur band.
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the corner of one rotary plate bent over
so that when the condenser plates are
fully meshed the condenser is shortcircuited, thus stopping oscillation.
The tube heaters are all in parallel,
one side of each being grounded right
at the tube socket. Only one filament
wire need be run from tube to tube.
The beat oscillator is coupled to
the second detector by the small capacity formed by running an insulated
wire from the grid of the 6C5 close to
the detector diode plate prong on the
6SQ7 socket. Very little coupling is
needed for satisfactory operation.
In wiring the Lf. amplifier, keep the
grid and plate leads from the Lf.
transformers fairly close to the chassis
and well separated. Without C16 , the
Lf. stage should be perfectly stable
Fig. 816 - Top view of the 7.tuhe superhet without coils in
and should show no tendency to os- place. Placement of parts is discussed in the text.
cillate at full gain.
The method of winding the coils is shown in circuit are scramble-wound to a diameter
which will fit readily inside the coil form and
Fig. 818 and complete specifications are given
in the coil table. Ticklers (La) for the mixer mounted on stiff leads going directly to the

Small elY' to
diode plates
6CS
R'4

x
VR-I05

Alilltrs.

H1

63Y

f

'[

1

-250 +

Fig. 815 - Circuit diagram of the regenerative superhet.
C" C4
50-l'l'fd. variable (Ham.
C21
25-....fd. variable (HammarR11 - 2.megohm volume control.
lund SM.2S).
marlund MC-50·S).
RIS - 2-megobms, ~.watt.
RI - 200 ohms, ~.watt.
CD - 35-I',.fd. variable (National
TI - 460·kc. permeability.tuned
Ra
20.000 ohms, ~.watt.
UM-35).
i.1. transformer, interatage
Rs. R•• R5 - SO,OOO ohms, hi-wau.
C. - 50...,.fd. mica.
type (Millen 64456).
He
300
ohms,
72-watt.
Co, C7. Cs - O.l-,.fd. paper.
460-kc.
permeability-tulled
Ta
RT
0.2
megohm.
~-watt.
600-volt.
i.f. traneformer, diode type
HI
2000
ohms.
~-watt.
C., C.o. ClI, C .. - O.OI-..fd. paper,
(Millen 644S4).
ED - I megohm, Yli-watt.
600-volt.
T. - 460-kc. beat-oseillator tranaHlo - 0.1 megohm, Yli.watt.
Cia. Cu - O.OOS·,.fd. mica.
former
(Millen 65456).
Hu - O.S megohm. 7':/.watt.
C~ - 3·30-.... fd.
trimmer (NaR Fe - 2.S-mh. r.f. choke.
Uu - 4S0 ohms, I.watt.
tional M .30); see text.
J - Clooed-circnit jack.
RIS -7S.000 ohms, l.watt.
C •• - 2S0 .....fd. mica.
S., s" - S.p••. t. tonle.
Ha
5000 ohms, 10.watt adjunCI7, C18. C2a - lOO-..,.fd. mica.
able.
LI'Lo, inc.
See eoil table.
ClV, C20 - 25'jlfd, electrolytic, 50.
X Indicatea jumper in.ide VR·IOS
illS - 10,OOO-ohm volume control.
volt.
Rl6 - 2S.000-ohm volume control.
bale.

es.
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beat oscillator should be off, A6
the circuits are brought into line,
reduce the oscillator output to keep
from overloading any of the amplifiers, which might cause a false
indication.
After the i.f. is aligned, plug in a
set of coils for some band on which
there is a good deal of activity. Set
the oscillator padding condenser,
C2, at approximately the right capacity; with the coil specifications
given, the proportion of total C2
capacity on each band will be about
as follows: 1.75 Mc., 90 per cent;
3.5 Me., 75 per cent; 7 Mc., 95 per
cent; 14 Me., 90 per emit; 28 Mc.,
45 per cent. Set the mixer regeneration control, RIG, for minimum regeneration - no resistance in cirFig. 817 - The below.ehassi. wiring is shown in this view of the cuit. Connect an antenna. Switch
7-tuhe receiver.
the beat oscillator on by turning
C21 out of the maximum position,
proper pins in the form. The leads shouW be and adjust the screw on Ta until the characterlong enough to bring the coils inside the grid istic beat-oscillator hiss is heard.
winding at the bottom. The amount of feedNow tune CI slowly over its scale, starting
back is regulated by bending the tickler coil from maximum capacity. Using the 7-Mc.
with respect to the grid coil. Maximum feed- coils as an example, when CI is at about half
back is secured with the two coils coaxial, mini- scale there should be a definite increase in
mum when the tickler axis is at right angles noise and in the strength of the signals which
to the axis of L j • The position of La should be may be heard. Continue on past .this point
adjusted so that the mixer goes into oscillation until a second peak is reached on CI ; at this
peak the input circuit is tuned to the frequency
with RI. set at Yz to ~ maximum resistance.
The oscillator circuit has been adjusted to which represents an image in normal reception.
make the proper value of rectified grid current The oscillator in the receiver is designed to
flow in the 6SA7 injection grid (No.1) circuit work on the high-freqeuncy side of the incomon each amateur band. This calls for a fairly ing signal, so that CI always should be tuned to
strong feedback, with the result that if the the peak which occurs with most capacity.
After the signal peak on CI has been identiband-set condenser is set toward the highfrequency end of its range the oscillator may fied, tune C3 over its whole range, following
"squeg." This is of no consequence unless the with CI to keep the mixer circuit in tune, to
receiver is to be used for listening outside the see how the band fits the dial. With C2 propamateur bands, in which case it may be cor- erly set, the band edges should fall the same
rected by taking a few turns off the tickler number of main dial divisions from 0 and 100;
coil, Ls, but at some sacrifice of conversion if the band runs off the low-frequency edge,
efficiency in the amateur band for which the less capacity is needed at C2, while the concoil was designed.
verse is true if the band runs off the high edge.
The U. amplifier can be aligned most con- Once the band is properly centered on the dial,
veniently with the aid of a modulated test oscil- the panel may be marked at the appropriate
lator. First alignment should be made with C1• point so that C2 may be reset readily when
disconnected so that the performance of the changing bands.
amplifier non-regenerative can be checked.
To check the operation of the mixer regenerA headset or loud speaker can be used as an ation, tune in a signal on Ca, adjust CI for
output indicator. The mixer and oscillator maximum volume, and slowly advance the
coils should be out of their sockets, and Rio regeneration control, RIG. As the resistance
should be set at zero resistance.
increases retune Cl to maximum, since the
Connect the test oscillator output across Cl, regeneration control will have some effect on
which should be set at minimum capacity. Ad- the mixer tuning. As regeneration is increased,
just the test oscillator frequency to 460 kc. signals and noise will both become louder and
and, using a modulated signal, adjust the C1 will tune more sharply. Finally the mixer
trimmers on TI and T2 for maximum volume. circuit will break into oscillation when, with Cj
R16 should be set for maximum gain, and the right at resonance, a loud carrier will be heard
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since the oscillations generated will go through
the receiver in exactly the same way as an
incoming signal. As stated before, oscillation
should occur with R15 set at half to threequarters full scale. In practice, always work
with the mixer somewhat below the critical
regeneration point and never permit it actually
to oscillate. On the lower frequencies, where
images are less serious, the tuning is less critical
if the mixer is non-regenerative. In this case,
always set R15 at zero since there will be a
range on the resistor where, without definite
regeneration, the signal strength will be less
than it is with zero resistance.
Should the mixer fail to oscillate, adjust the
coupling by changing the position of La with
respect to Ll. If the coil happens to be "poled"
incorrectly, the circuit will not oscillate. This
can be cured by rotating L3 through 180 degrees. It is best to test the mixer regeneration
first with the antenna off, since loading effects
may give misleading results until it is known
that L3 is properly set to produce oscillation.
After the preceding adjustments have been
completed the Lf. regeneration may be added.
Install C15, taking out the adjusting screw and
bending the movable plate to make an angle
of about 45 degrees with the fixed plate. Realign the Lf. As the circuits are tuned to resonance the amplifier will oscillate, and each time
this happens the gain control, RIG, should be
backed off until oscillations cease. Adjust the
trimmers to give maximum output with the
lowest setting of R16. At peak regeneration the
MIXER

OSCILLATOR

ANT,

Cz

p

p

TOP OF SOCKET VIEWS

Fig. 818 superhet.

Coil and woket connections for the 7-tube

COIL TAUIM
Wire
Tap
LIJ7l(lIIr.
Band
Cou Bille Turn.
Close-wound
1.75 Me.
LI
24
70
24
15
141
22
15
La
Top
22
42
Close-wound
1.4
15
La
24
3,5 Me.
LI
22
35
22
9
L2
22
12
La
18
1 inch
22
25
L4
Close-wound
22
10
La
1 inch
7 Me.
Ll
18
20
Close-wound
L2
22
5
22
La
9
1 inch
6
14
18
L4
Close-wound
22
6
L6
linch
14Mc.
18
10
Ll
Close-wound
22
5
L2
22
7
L2
2.4
1 inch
18
7
L4
Close-wound
22
4
L6
linch
28 Me.
4
LI
18
4
Close-wound
L2
22
22
1.5
Ls
1.4
3.6
1 inch
18
L4
2.4
Close-wound
22
L6
All coils except L2 are 1:k\ inches in diameter, wound
with enamelled wire on Hammarlund SWF ForlllJl. Spacing
between Ll and LB. and between L4 and L6, approximately
7ll inch. Band-spread taps are measured from bottom
(ground) end of L4.
La for 28 Mc. is interwound with LI at the bottom end.
La for all otber coils is self-supporting. scramble-wound to a
diameter of %: inch, mounted inside the coil form near the
bottom of LI.
H

H

.

signal strength should be about the same, despite reduced gain in the amplifier, as without
regeneration at full gain. Too much gain with
regeneration will have an adverse effect on
selecti vity.
For single-signal c.w. reception, set the beat
oscillator so that when RIG is advanced to
make the Lf. just go into oscillation the resulting tone is the desired beat-note frequency.
Then back off on RIG to obtain the desired degree of selectivity. Maximum selectivity will be
secured with the Lf. just below the oscillating
point. The "other side of zero beat" will be
very much weaker than the desired side.
A useful feature of the band-spread dial is
that it can be directly calibrated in frequency
for each band. These calibrations may be made
with the aid of a lOO-kc. oscillator such as described in Chapter 17. Ten-kc. points may be
plotted if a 100kc. multivibrator is available,
but since the tuning is almost linear in each
band a fairly accurate plot will result if each
100-kc. interval is simply divided off into ten
equal parts.
Power supply requirements for the receiver
are 2.2 amp. at 6.3 volts for the heaters and
80 rna. at 250 volts for the plates. Without the
pentode output stage a supply giving 6,3
volts at 1.5 amp. and 250 volts at 40 rna. will
be sufficient. (Bib. iJ.)
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Fig. 819 - Front view of the converter. The hand.
spread knob i. at tbe center with the band .get and de.
tector tuning condensers to the right and left. respec·
tively. The antenna and on-olf ..witchee are to the left
and right at the hottom ofthe panel.

• A ONE·TUBE CONVERTER
Rather than building a complete receiver,
some amateurs prefer to use a "converter" in
conjunction with an ordinary broadcast receiver. The converter is simply a superhet
mixer and oscillator with its output circuit arranged to feed into the antenna terminals of
the broadcast receiver. By this method the
gain and selectivity of the broadcast receiver
are used, and an amateur-band receiver can be
obtained at relatively little expense. A converter also is useful with a regular communications receiver which has a low-frequency (460
kc. or lower) i.f., because the converter output
frequency may be made considerably higherof the order of 1600 kc. - with a consequent
improvement in image ratio on the higherfrequency amateur bands such as 14 and 28 Mc.
A single-tube converter for this type of operation is shown in Figs. 819-824 inclusive.
Fig. 820 shows the circuit diagram of the converter. A 6K8 functions as the mixer-oscillator
tube. Ll and C1 form the mixer tuned circuit
and L 2C2Ca, the oscillator portion of the 6K8.
Ca may be tapped across the coil for bandFig. 820 - Wiring diagram of the
single.tuhe converter.
CI, C, - 100.""fd. midget variable
(Millen 20100).
Ca - 35.""fd. midget variable
(Millen 20035).
C& - O.l·,,£d .• 400.volt.
Co - O.Ol-"fd •• 400-volt.
RI-300ohms. ~.watt.
R, - 50.000 ohms, ~.watt.
Ra - 20.000 ohms. 1O.watt.
SWI - S.p.s.t. switch.
SWt - 4-pole douhle-throw .witeh (Ymey 3242J).
Tl - Output transformer (Miller 512 WT).
Dial assembly (Millen 10011).

c..
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spread to suit the individual's choice; the taps
suggested in the coil chart give approximately
90-division spread with the dial used. A separate tickler winding provides feed-back for the
oscillator. TI is the output transformer.
Nearly all the parts are mounted on an 8;y.z
by 4%; by l;y.z-inch chassis. Those remaining,
CI, C2 and the dial assembly, mount on the
panel of a 9 by 5 by 6 inch cabinet. The top
view, Fig. 822 shows the positions of the components when mounted. C3 is elevated above
the chassis by metal pillars which allow the
condenser shaft and assembly to be properly
aligned. To insure short rJ. leads the tube and
coil sockets are supported on pillars also. The
heater prongs of the tube socket face the rear
of the chassis. Holes 1:4 inches in diameter are
drilled below the sockets so the prongs can be
reached easily by a soldering iron.
The by-pass condensers, resistors and switches
are below the base as shown in bottom view,
Fig. 823. Output and power leads are soldered
to lug strips fastened in place by the socket and
output transformer screws and nuts .
The two switches on the front wall of the
ANT.

't======--_71_o_a-:.'Utpllt Trons.
Fig. 821 - The con verter antenna switch wiring diagram.

chassis should be mounted before the panel
is attached. Each switch should have an extra
nut screwed to the shaft; this provides a small
space between the chassis and panel when the
two are fastened together, and the front edge
of the bottom plate slips into this space when
the cabinet is assembled. The panel and chassis
are held firmly together by a third nut on each
switch shaft.

T,
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,

I

I

I

:

~:au:tpllt

L ___ ____

...J

Constm~tion

of Re~eivers

Fig. 821 shows how SW2 is wired.
This switch shifts the antenna from
the converter to the receiver.
Coils L1 and L2 are wound on
I-inch diameter forms with the associated antenna and tickler coils
wound approximately Ys inch below the main windings. Fig. 824
shows the construction. The spacing between windings is not too important and in the case of the
1.75-Mc. mixer coil will have to be
slightly less than suggested, because the form will not handle all
of the turns otherwise.
A 200-250-volt receiver power
supply may be used with the converter. The heater requirements
are 6.3 volts at 0.3 amperes. It is
823 - Bottom view of the converter. Only a few component.
also possible to tie into the b.c. or areFig.
below the chassio.
communication receiver supply if
it is capable of standing the extra 10 or 12 noise level as heard in the receiver output may
be used as a tuning indicator with which to
rna. "B" drain that the 6K8 will impose upon
it. A portable supply consists of a 6-volt stor- peak up the converter output circuit. The
age battery and two or three 45-volt "B"
transformer is tuned with an insulated screwblocks. For automobile operation it is assumed driver, and proper peaking will be indicated by
that the car battery and b.c. receiver supply an increase in noise.
will be employed.
The oscillator band-spread condenser is used
The unit may be tested after the chosen to tune in signals after a band has once been
power supply has been connected. The antenna located on the band-set condenser. The mixer
and converter output leads are connected in circuit tuning is quite broad and, as a result,
place first. Power is then applied and the re- it is not necessary to reset Cl each time the
ceiver turned on. The band-setting condenser,
oscillator circuit is tuned. During the prelimiC2, is set at half scale and the receiver is tuned nary adjustments the condenser may be left
to a frequency between 1400-1600 kc. The at half scale unless the noise level is sufficiently
low to warrant peaking to the highest point attainable. For regular work
the circuit need be retuned not more
than three or four times across each
band.
A signal generator or amateur
signals of known frequency may be
used to line up the converter. In all
cases it will be found that the lowfrequency end of an amateur band
comes with C2 adjusted to approximately half scale. The band-spread
condenser, Cs, should be at nearly
maximum capacity during the lining
up procedure. Because only part of
the band-set condenser capacity is
required to tune to the amateur bands
it is possible to use the converter for
general coverage by setting this condenser to higher or lower capacity
values.
In using the converter with a broadcast receiver some provision to attain
the effect of a beat oscillator must be
Fig. 822 - Top view of the converter. Lt and Ia are to the rigbt
made for c.w. reception. This may be
and lett or the 6KS. The ontpnt transformer stands at the left. Tbe
done by setting the receiver or i.E.
power_hIe output leads and aDtenDa terminals may be seen a[onl
the rear wall of the chassis.
system to the frequency of a weak
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broadcast station carrier. This must be done
before the converter is lined up. A preferable
method is to use a separate beat oscillator such
as is described in the subsequent section.
If more or less band-spread than the specified
coils give is desired, it is only necessary that
the band-spread tap be moved toward the grid
TOP VIEWS OF COIL FORMS

o

nm:~A

~
L
z

To OSc.
Plote(p')

Tap all
L2 "

To Gnd onci rotor
ploterC2 .CJ

TOP VIEW 01' COIL SOCKET

BOTTOM VIEW OF TUBE SOCKET

Fig. 824 - Socket and coil-fonn pin arrangement
for the converter coil ••

end of the coil for less spread, or toward the
ground end for more. (Bib. 3.)
• BEAT OSCILLATOR FOR BROADCAST
RECEIVERS
When a converter is used with a broadcast
receiver, some provision must be made for

getting a beat note for c.w. reception, as mentioned in the previous section. The most satisfactory way to get such a beat frequency is by
meanl" of a beat-oscillator unit. The beat oscillator may be constructed quite simply and at
little expense. Fig. 825 shows such an oscillator.
The circuit diagram is shown in Fig. 826.
Plate voltage is fed to the 6C5 through RI.
CI is the plate by-pass condenser. The grid leak
and condenser are included in the transformer.
An adjustable condenser shown on the diagram at the right of the coil is used to set the
oscillator frequency to the receiver intermediate frequency; the condenser at the left of the
coil is the b.f.o. control. C2, the coupling condenser, is the capacity existing between the
shielded output lead and the receiver U. or
second detector circuit. The lead is not connected to either of these stages but is simply
placed near enough to the transformer or tube
socket for sufficient coupling.
A chassis measuring 331 by 231 by l~
inches, bent from a piece of 1/16-inch aluminum, is used as the base. The tube and transformer mount on top and the remaining parts
mount below as shown in Figs. 825 and 827.
Fig. 827 shows the power cable and output lead
coming out through holes in the rear wall of the
chassis. Holes may be drilled in the front wall
so the unit may be bolted to the receiver
proper.
Most broadcast superhets have intermediate
frequencies in the vicinity of 456-465 kc. so
that an oscillator transformer such as that
specified will be satisfactory in the majority of

(;oNVERTER (;oIL DATA
Band

1.75 Me.

3.5 Me.

7 Me.

14Me.

28 Me.

Coil

Ttlr.,."

Wire

Length

Ll

65

28 d ••. c.

Close-wound

L2

45

22 enam.

Cloae-wound

L!

38

22 enam.

Close-wound

L2

60

28 d ••. c.

Cloae-wound

Ll

21

22 enam.

~in.

L2

23

22enam.

Close-wound

1.1

8

22 enam.

N: in.

L2

7

22 enam.

N: in.

LI

3

22 enam.

~in.

14

3

22 enam.

~ill.

Antonna
Coil
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Band-Spread
Tap

*

14 turllB No.
28 d ••. c.
15 turns No.
28 d.s"e.

26

15 turn. No.
28 d.s.c.

**

7 turns No.
22 enam.

5 turns No.
22enam.
5 turns No.
22enam.

llU

3 turns No.

22 enam.
4 turns No.
22 enam.

2N:

2 turns No.
22 enam.

All coil. wound on I-inch forms (Millen 45004 for Lt, 45005 for L2).
Antenna and tickler coils are cloae-wound approximately J4 inch below LI, L2.
• Turns counted off from ground end of coil.
"* No band-spread tap; jumper placed between prongs, of coil form.
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Tickler

2 turn. No.
22 enam.
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Fig. 825 - Top view of the beat oscillator
assembly.

cases. Alternatively, the b.o. frequency may be
the same as that of the converter output, which
in the case of the converter just described is
1600 kc. A 1600-kc. beat oscillator transformer
should be substituted in that event. Should the
b.c. receiver be of the tuned radio-frequency
type (not a superhet) the latter method is necessary, since the receiver has no intermediate
frequency. The 1600-kc. units usually can be
adjusted as low as 1500 kc. in Case the broadcast receiver's range does not extend beyond
the upper-frequency limit of the broadcast
band.
Power supply for the beat oscillator may be
taken from the broadcast receiver or from the
converter power supply. The filament requirements are 0.3 amp. at 6.3 volts, but the plate
current drain is negligible.

6.3\'.

P"

-6

+6

Fig. 826 - Circuit dia,ram of tbe beat frequency
ollCilIator.
Cl - O.Ol~d., 4OO.volt.
C, - See text.

HI - :)0,000 obms, ~.watt.

Tl -'- 4.56 beat oscillator transformer, with grid leak and
condenser (Millen 634.56 or 65456).

• A 14- AND 28-MC. PRESELECTOR
A separate preselector unit, consiHting of
an d. amplifier which may be inserted between the antenna and receiver, is an extremely useful device. Its use is especially
beneficial on the 14- and 28-Mc. bands where
image response becomes bothersome with
superhet receivers using intermediate frequencies of the order of 455 kc., since the added
selectivity practically wipes out the image.
Also, the gain of most receivers drops off on
these two bands as compared with the lower
frequencies, so that the additional gain of the
preselector is helpful in building up the weaker
signals to more substantial volume.
A simple preselector for these two bands is
shown in Figs. 828 and 830. As shown in the
circuit diagram, Fig. 829, the amplifier tube is
an 1852, with tuned grid and plate circuits.
The tuning condensers, C1 and C2, are ganged
for single-control tuning.
The unit is built on a 7 by 7 by 2-inch chassis.
Fig. 828 shows the arrangement of parts on top.
The grid-circuit coil is at the left rear corner,
with the 1852 directly in front of it. An Lshaped shield partition separates the grid circuit from the plate coil, L3, which is in the right
front corner. The sockets for both coils are

Fig. 827 -

Bottom view of the b.f.o. unit.

mounted above chassis on small metal pillars.
The ganged tuning condensers are mounted in
line in the center of the chassis. They are mechanically connected together, and to the shaft
bearing on the front panel, by flexible couplings. The antenna binding posts and the
cords for power and d. output come through
the rear edge of the chassis. It is necessary to
cut a rectangular hole in the lower part of the
back of the cabinet to make the connections
accessible.
The below-chassis view, Fig. 830, shows how
the condensers are grouped about the tube
socket. The mica condenser, Co, is fastened
vertically across the socket as close to it as
possible (allow room for the tube centering
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Fig. 828 - Top view of the 14- and 28·Mc. pre·
selector. The padder condensers are mounted inside
the coil forlWl.

prevent unwQnted feedback and also to reduce
signal pickup on the line going to the receiver.
The shield should be continued up to the
antenna terminals of the receiver with which
the preselector is used. The wires should be
connected to the "doublet" terminals on the
receiver, and the shield to the receiver ground
terminal or chassis. The shield also is grounded
to the preselector chassis. This connection between the preselector and receiver chassis is
essential for goed performance.
Because of the high transconductance of the
1852, very little coupling is needed between
input and output circuits to cause self-oscillation when both circuits are tuned to the same
frequency. The box containing the unit provides part of the shielding between the two
circuits, in addition to that provided by the
baffle. This shielding is not complete enough
to prevent self-oscillation, however, so the
plate of the tube is tapped down on La to reduce the feedback. The tap should be located
so that the circuit goes into oscillation with the
gain control, ~, at
about half-scale or less.
The controlled regeneration greatly increases
the gain and selectivity;
over that obtainable
without regeneration.

WJ

- 8 +
Fig. 829 - Circuit diagram of the preselector.
Cl, C2 -15-l'l'fd. midget variable (National UM.15).
Ca, C4
3-30'I'~d. isolantite·insulated mica padder
(National M-30).
Cs - 0.002-~d. mica.
Ce, C7, Cs - O.OI-l'fd. paper, 400-volt.
Rl - 150 ohms, }-2-watt.
R2 - 5000-obm variable.
Ra- 60,000 ohms, I-watt.
Ll -14 Me.: 9 turns No. 20, diameter 1}-2 inches,
len gth 1 inch.
28 Me.: " tums No. 20, diameter 1}-2 inches,
lengtb 1 inch.
L:! - Close-wound at ground end of Ll; 3 tum. for 14
Me., 2 tums for 28 Me.
La - Same as Ll but tapped 3 tums from ground end for
14 Me. and 1 tum from ground for 28 Me.•
14,
Same a8 Ls. on 8ame fonn as La.
6-3V.

pin to project through the socket) to provide
shielding between the grid and plate prongs.
The additional cathode by-pass, Ca, and the
screen by-pass, C7, also are mounted across
the socket on either side of the mica condenser,
thus providing additional shielding. With the
exception of the ground on CI, all rJ. ground
connections are made to one lug on the side
of the ring holding the tube socket to the chassis (the socket is a National erR). Shielding
about the output leads from L. is essential to
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FiB. 830
Below-chas8is view of the preselector.
Note grouping of by-pa88 condenser. about the tube
socket to provide shield in g.

Power for the preselector may be taken from
the receiver, since the drain is small. Initial
adjustments are simple. With the receiver and
preselector turned on, first tune the plate
trimmer, C, (C, and Ca are mounted inside the
coil forms) for maximum noise, with R2 near

Constru~tion
maximum (least resistance). The adjustment
will be fairly critical. The tuning condenser
should be at about half scale, and the receiver
should be set at about the middle of the band.
Then set Rz at minimum gain (resistance all in)
and adjust Ca, the grid padder, for maximum
noise. The adjustments may be made on a
signal as well as on noise. Next, advance R2
a little at a time, simultaneously swinging Cs
through resonance, until oscillations commence. Back off R2 to the point just below
oscillation and readjust Cs and C. for maximum output. When the lid of the cabinet is
closed the feedback will decrease and R2 must
be advanced more to obtain oscillation. It is
not necessary to work near the critical regeneration point under normal conditions so
that actual tuning is not critical. The preselector must, of course, be kept in tune with
the receiver as the latter is tuned over the
band.
Should the circuit oscillate at all settings of
Rz, the plate tap should be moved nearer the
bottom of L3. H no oscillations take place at
any setting, move the tap toward the plate end
until oscillation starts at about half-scale on
R2.
.
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Fig. 831 - Three type! of circuit! for coupling
antenna to receiver. A, balanced pi-llection network; B.
single-ended pi __ tion network; C, tuned eircuit with
taps for matching impedance!.
CI - 150·""ld. variable.
CI-lOO'l'l'fd. variable.
C.4 - 50'l'l'fd. variahle or larger.
Lit Lt, La - 25 turn! No. 26, spaced to ooonpy I.inch
length on I.inch diameter form; tapped at
2nd. 5th, 9th. and 15th turns.

L4 - Proportioned to rtlOnllte with C. in the dcaired
band.

I" - 3 or " turn. wound on Li; ICC test.
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The improvement in gain and reduction of
image response will depend upon the amount of
regeneration used. With average-strength signals and regeneration below the critical point
for easy tuning, the signal-to-image ratio will
be improved by a factor of 40 to 50 on 28 Me.,
and 100 or more on 14 Me. Used with the average receiver having one d. stage ahead of the
mixer, this means that the overall image ratio
will be of the order of 5000 on 14 Me. and 400
or 500 on 28 Mc. The voltage gain is about
100 under the same conditions. Greater selectivity and gain can be obtained by working
closer to the critical regeneration point.
• ANTENNA TUNING UNITS

Obviously the signal-to-noise ratio will be
improved by a means which makes the signal
strength at the receiver input as large as
possible. A separate antenna tuning unit, designed to couple between antenna and receiver,
therefore is a desirable addition to the receiving
equipment. It is especially useful when the
transmitting antenna is used for receiving.
Typical couplers of this type are shown
diagrammatically in Fig. 831. At A is the
balanced pi-section matching network, applicable to antenna systems using two-wire
feeders. Specifications suitabll;. for average
conditions are given. The taps on LI and 14 are
varied simultaneously so that the same inductance is in use in each branch, with trial
settings of Cl and C2 until the signal strength
on the desired frequency is maximum. With
the average antenna system the settings are not
critical, although slight readjustment may be
necessary when going from one end to the
other of a wide band.
The single-ended pi-section filter is shown
at B. This filter is intended for use with a
single-wire antenna or other system worked
against ground.
A parallel-resonant circuit with provision for
impedance matching is shown at C. The coil L,
should be constructed so that the turns readily
may be tapped. The pickup coil, L5, may consist of three or four turns wound around the
center of L" for the usual receiver having approximately 5OD-ohm input impedance. The
feeder taps on L, should be adjusted for maximum signal strength when Ca is tuned to resonance. In case a single-wire antenna is used,
L5 should be coupled to the bottom of L" which
in turn is connected to ground. The antenna is
tapped on Lt at the point giving maximum
signal as before.
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Receivers
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HERE are four types of receivers used at the
present time: the regenerative, the straight
superheterodyne, the single-signal superheterodyne and the superregenerative. A thorough
understanding of the principles involved and
the "feel" of each type is an indispensable
asset to any amateur. Unless the operator
can tell by handling a receiver whether or
not it is working properly, he can struggle
along with a receiver incapable of its best
performance solely because of the lack of
skill and experience of the operator. Simply
because a receiver bears a well-known trademark is no assurance that it is always working
at its best. Troubles attributed to old tubes in
a receiver are often caused by misalignment
of stagcs or other causes, and a new set of
tubes will not correct the condition.

• TEST EQUIPMENT
Contrary to popular opinion, it is not necessary to own a complete laboratory to work on
a receiver. A commercial set that is only
slightly out of line requires nothing more than
an insulated screw-driver or wrench to bring
it back into first-class condition, and the situa-

+

Fig. 901 - Voltage measurements on a typical stage
of r.f. or Lf. amplification. The negative terminal of the
voltmeter i. connected to the cha ••is (ground) and the
positive terminal placed at B will give the grid bias due
to the cathode resistor, touched at C will show the plate
voltage (minus the grid voltage) and at D will show the
screen voltage (minus the grid voltage). A high-resistance voltmeter between A. (minus) and ground will give
an indication of the voltage developed hy the a.v.c.
hut will read low.
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tions are rare where more than a 1000-ohmsper-volt voltmeter will bc required to check a
receiver, although an ohmmeter is a handy
addition to the meter. A test oscillator, particularly if it is calibrated, is a useful adjunct
to the station, but the station's frequency
standard will often serve instead.
Measuring voltages is a simple matter if a
high-resistance (lOOO-ohms-per-volt) voltmeter
is available. A lower resistance meter can be
used, but it will read low in high-resistance
circuits. The most convenient ranges are
0-30, for reading cathode-bias voltages, and
0-300, for reading plate voltages. Cathodc
(grid-bias) voltages are read between cathode
and ground - the ground is negative and
the cathode is positive
and plate and screen
voltages are read between cathode (or ground,
if the bias voltage is low) and the plate or
screen. See Fig. 901. One should familiarize
himself with the tube socket connections of
the various tubes so that the elements can
be readily identified.
• REGENERATIVE RECEIVERS
The principle of the regenerative receiver
has been explained in Chapter Four and will
not be repeated here. However, the mcthod
of tuning a regenerative receiver depends on
whether it is being used for 'phone or c.w.
reception. The regenerative receiver is not
recommended for 'phone reception in crowded
bands because of the lack of selectivity (particularly on the higher frequencies) and the
tendency to lose what selectivity it may have
on strong signals. Nevertheless, the tuning
procedure differs slightly and, since it does
come in handy occasionally, will be explained.
There are two main controls on a regenerative receiver, the tuning control and the regeneration control. As their names imply, they
control the tuning or frequency and the
amount of regeneration. In most cases, the regeneration control has to be changed slightly
as the tuning control is changed, making the
receiver essentially a two-control affair requiring both hands for adjustment.
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C.W.

For c.w. reception, the regeneration control
is advanced until the receiver breaks into a
"hiss," which indicates that the detector is
oscillating. In some instances the receiver will
break into this hiss with a "plop," which is an
undesirable condition and should be remedied
as explained later. Further advancing of the
regeneration control after the detector starts
oscillating will result in a slight decrease in
the strength of the hiss and, in some instances
when the control is advanced far enough, into
a high-pitched whistle and increased hiss which
indicates that the detector is "superregenerating" or "squegging." The use of this condition
is explained in Chapter Twenty-nine - it is
not used in c.w. reception. Sometimes the receiver will break into a squeal (unaffected by
tuning) almost immediately after the hiss point
is reached - this indicates" fringe howl" and
should not be tolerated. It can be corrected
as explained later. The properly-operating regenerative detector will, when the regeneration
control is advanced, smoothly break into the
hiss condition (caused by the "beating" of
the oscillating detector with the external and
internal noise) and, when the regeneration control is backed off, smoothly break out of the
hiss condition. The going in and out of osdllation (the hiss point) should occur at the same
point on the regeneration control and any
great discrepancy should not be tolerated.
The proper adjustment for the reception of
c. w. signals is just after the detector has
started to hiss, when it will be found that c. w.
signals can be tuned in and will give a tone
with each signal depending on the setting of
the tuning control. As the tuning control is
varied and one tunes into a signal, it will start
out at a very high pitch, go down through
"zero beat" and disappear at a high pitch
~
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As the tuning dial of a receiver is turned
pa8t a c.\\!. Flignal, the beat nott" variCf4 from 8. high one
down through Pf zero beat'" and back up to a high one
88 8ho~u at A, R an~
curve is a graphical Tepre:
sentallon of the actIon. rhe heat exists past 8000 or
10,000 cycles hIlt usually is not heard because of the
limitations of the audio system of the receiver.
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on the other side, as shown in Fig. 902. It will
be found that a low beat-note cannot be obtained with a strong signal because the receiver
"pulls in" or "blocks," but this condition can
be corrected by advancing the regeneration
control until the beat-note occurs again. If the
regenerative detector has an r.f. amplifier stage
ahead of it, the blocking can be eliminated by
backing-off the gain control of the r.f. stage,
but with no d. stage the blocking condition
can only be eliminated by advancing the regeneration control or loosening the antenna coupling (in receivers where the co upling is varia ble).
Because a signal is obtained on either side
of zero beat, two signals near the same frequency can be separated sometimes by trying
to tune in the undesired signal at zero beat or
by listening to the desired signal on first one
side of zero beat and then the other and using
the side that gives the least response from the
interfering signal. There is no substitute for
experience in the handling of a regenerative
receiver, and the operator will find that continued practice will enable him to separate
signals on the regenerative receiver that at first
seemed hopelessly jammed.
The point just after the receiver starts oscillating is the most sensitive condition of the receiver and should be used for listening to weak
c.w. signals - further advancing of the regeneration control makes the receiver less
prone to blocking by strong signals but less
capable of receiving weak signals.
'Phone

If the receiver is in the oscillating condition
and a 'phone signal is tuned in, a steady whistle
will result (the beat of the detector with the
'phone carrier) and, while it is possible to listen
to 'phone if the receiver can be tuned to exact
zero beat, it is more satisfactory to back off
the regeneration control to the point where the
whistle stops, at which time the voice or modulation will instantly clear up and can be listened
to without any trouble. The most sensitive
and selective condition for 'phone reception
is just before the receiver goes into oscillation.
However, a strong 'phone signal will tend to
reduce the selectivity of the receiver and it is
very nearly impossible to listen to a weak
'phone signal near (in frequency) a strong one.
.The best way to listen for 'phone signals
With a regenerative receiver is to put the receiver in the weakly oscillating condition (at
the point where the hiss starts) and first locate the carrier by the whistle or beat. The
regeneration contl'ol is then backed off until
the whistle disappears.
R.F.

Sta~e

If the regenerative detector is preceded by
an r.f. amplifier, the amplifier should always
be tuned to the same frequency as the signal.
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This condition can be checked by tuning the

Hum

condenser or trimmer (if the controls are
ganged) for maximum signal or, if no signal is
available, by the setting that requires the
miniml1m setting of the regeneration control
for oscillation. The gain control of the r.f.
stage is used to reduce the signal at the detector
detuning the r.r. stage to reduce the gain
should only be necessary when the signal is
exceedingly strong.
For c. w. work, an r.f. stage will only serve as
a useful gain control and as a buffer between a
swinging antenna and the oscillating detector,
and it adds very little to the useful sensitivity.
However, it will contribute materially to the
sensitivity of a regenerative receiver used for
'phone reception and is recommended in this
application.

It may be found that the regenerative detector will hum badly at the point of oscillation, the hum being caused by pick-up of the
alternating house-lighting current. The hum
can be eliminated by better shielding of the
grid of the detector tube and the lead running
to it, and sometimes by grounding the chassis
of the receiver to a good physical ground connection. Tbe power supply must, of course,
be capable of delivering ripple-free current, and
if the heaters of the tubes are supplied with
a.c., one side of the heaters should be grounded
to the chassis and the other side by-passed
to ground through a O.Ol-J<fd. condenser; or
both sides can be by-passed to ground and
the center-tap of the heater winding connected
to ground.

Smooth Regeneration
Three things can influence the smoothness
with which the regenerative detector goes into
oscillation: the amount of feedback (setting
of cathode tap or number of tickler turns), the
coupling to the antenna or previous stage, and
the size of the grid leak. The feedback should
be adjusted so that the detector breaks into
oscillation at the recommended screen-grid
voltage (see Chapter Eight). If it only oscillates
at a higher voltage, too little feedback is present and the cathode tap should be moved
higher on the coil or turns added to the plate
coil, and if it oscillates at too low a plate
voltage, turns should be removed from the
plate coil, the cathode tap moved down, or
the antenna coupling tightened. The highest
value of grid leak that will permit smooth
regeneration should be used - if this value
falls below one megohm the other sources of
trouble should be checked, since a value of less
than one megohm will detract from the sensitivity. If an r.f. stage is used, the one megohm
value will be satisfactory, but a value of two
to five megohms will he preferable if no d.
stage is included in the receiver. Low values
of grid leak make the detector less sensitive
but capable of handling larger signals without
overloading.

Body Capacity
Occasionally it will be found that a regenerative receiver shows a tendency to change
frequency slightly as the hand is moved near
the dial. This condition (" body capacity")
can be caused by poor design of the receiver
or by the type of antenna that is being used.
If the body capacity is still present when the
antenna is disconnected, it can be eliminated
by better shielding, and sometimes by r.r.
filtering of the 'phone leads. If, however, the
body capacity effect is still present when the
antenna is again connected, it is probably
caused by the antenna system. A good, short
ground connection should be connected to the
receiver and the length of the antenna varied
(by adding a small coil or variable condenser in
the antenna lead) until the effect is minimized.
Connecting the antenna to a point down on the
coil (such as the cathode tap) will sometimes
eliminate the unwanted effect of body capacity.

Antenna Coupling
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 still
allow the detector to go into oscillation
smoothly, without a "plop," and with the correct voltages on the tube. If capacity coupling
to the grid end of the coil is used, only a very
small amount of capacity will be needed to
couple to the antenna. Increasing the capacity
increases the coupling.
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Trouble Shooting
In any discussion of trouble shooting, it must
be assumed that the receiver has been wired
correctly in the first place. This can be checked
by a careful comparison with the wiring diagram and by means of a voltmeter to see that
all the tube-element voltages-to-ground are
approximately what they should be. A continuity-checker, which can be simply a highrange ohmmeter, can be used to check through
a receiver to make certain that all components
are connected together that should be and that
the circuits have the correct resistance in
them as indicated by the wiring diagram. The
continuity check should not be made with
heater or plate voltages on the set.
H the wiring is checked satisfactorily and the
detector cannot be made to oscillate, it indicates that not enough feedback is present. If
a cathode-tap type of circuit is used, the tap
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should be moved up towards the grid end of
the coil a turn at a time until oscillation takes
place. If a plate coil is used, turns can be
added or the plate coil can be moved closer
to the grid coil. The proper polarity of the
plate coil is necessary and, if both coils are
wound in the same direction on a form, the
grid connection should be the top end of the
grid coil and the plate connection should be
the lower end of the plate coil. See Fig. 903.
If the receiver "plops" going in and out of
oscillation, the feedback, antenna coupling
8+

L,

B

Fig. 903 - The two common types of oEeilIator circuits used in rcceivct8 and the corresponding way in
which the coils must be wound to insure proper feedback
for oscillation.

and grid leak must be juggled about until
smooth results are obtained. There is no one
adjustment that can be made to clear up this
condition. Fringe howl indicates d. getting
into the audio-amplifier tube, and better
filtering and by-passing of the output of the
detector will usually eliminate fringe howl. If
a choke or transformer is used in the plate
circuit of the detector for coupling to the audio
tube, a resistor should be shunted across the
choke or the secondary of the transformer
to reduce fringe howl. The value of the resistor
should be the maximum required to reduce the
howl and will normally be between 50,000
and 250,000 ohms.
If the oscillating detector seems to creep
badly in frequency, or if it is too sensitive to
voltage fluctuations caused by a slight change in
line voltage, it indicates that the detector tube
is a bad one, that there is not enough capacity
in the tuned circuit, or that the plate voltage
is too high. A high Lie ratio in the tuned
circuit will give maximum sensitivity and a low
Lie ratio will give maximum stability a
compromise should be reached in each case.
• THE SUPERHETERODYNE

The straight superheterodyne differs from
the

single-signal

superheterodyne

in

the

amount of selectivity contained in the" i.f.
amplifier. Single-signal reception is normally
only applied to c.w. reception, although it is
possible in some cases to improve 'phone reception by a receiver with high selectivity in
i.f. amplifier.
As explained in Chapter Four, the high selectivity necessary for single-signal reception
is obtained by either a regenerative iJ. amplifier or an amplifier incorporating a crystal
filter. Cutting out the regeneration or crystal
filter changes a single-signal superheterodyne
to a straight receiver
the rest of the
receiver is the same in both cases.
The superheterodyne has two or more
tuned circuits that must be adjusted for
each signal, but these circuits are usually
ganged in most modern receivers and
thus the superheterodyne can be considered a single-control receiver. Some
homemade superheterodynes separate
the high-frequency-oscillator control
and the signal-circuit control, to eliminate
tracking difficulties, and this makes the receiver a two-control affair. However, the signalcircuit tuning is not too critical, unless regeneration is used, and presents no real handicap.
The signal circuit is always peaked (tuned for
maximum response) after the signal has been
tuned in - if the band is dead the signal
circuit is kept in track with the high-frequency
oscillator by peaking it on the noise.

'Phone
For 'phone reception, the bJ.o. (beatfrequency oscillator) is turned off, the a.v.c.
(automatic volume control) is turned on, and
the tuning control, or controls, adjusted for the
desired signal. The d. gain control is normally
turned up to maximum and the audio-volume
control adjusted for a comfortable level. The
a.v.c. takes care of changes in signal due to
fading and also different signals of varying
strengths, within the limit of its control.
Occasionally, when listening to very weak
signals, it will be found that better intelligibility can be obtained with the a. v.c. off,
but with signals of any appreciable strength
the a. V.c. will be an invaluable asset in preventing overloading and sudden changes in volume.
When two or more 'phone carriers are close
together (in frequency) they will beat with each
other and make it difficult to copy either signal. If a crystal filter is available in the receiver, it can be used to eliminate this "heterodyne" by turning it on and adjusting the
"phasing" control until the undesired signal
is eliminated or attenuated as much as possible. A slight adjustment of the tuning control
may be necessary at the same time. Because
of the increased selectivity introduced by the
crystal filter, the fidelity of the signal will not

CHAPTER NINE

131

The Radio Amateur's Handbook
be as good as with the filter out, but it will
allow signals to be copied through interference
that would otherwise render them unreadable.
A few hours' practice will make the operator
familiar with the use of the crystal filter for
eliminating heterodynes.
The crystal filter will also help in the reception of weak signals by reducing the noise
passed by the Lf. amplifier and thus increasing
the signal/noise ratio of the receiver. However,
it can only be used with signals of excellent
stability that show no frequency modulation.

can be obtained than is possIble with a less
selective super. Unfortunately, too many
amateurs let the crystal filters in their receivers
go to waste because they have never taken
the trouble to familiarize themselves with the
operation. Some also have the idea that the
crystal filter reduces the sensitivity of the
receiver, but the opposite is true. The properly-adjusted crystal filter makes a superheterodyne many times more sensitive than it
could be without the filter. When the filter

C.W.

For C.w. reception with no crystal filter, the
a.v.c. should be set in the "off" position and
the b.f.o. should be turned on. It will be noted
that as the frequency of the b.f.o. is varied, the
pitch of the noise in the receiver will change.
The b.f.o. should not be set so that the pitch
of this noise is the lowest possible but slightly
to one side of this adjustment. Another way
that the b.f.o. can be adjusted properly is to
turn it off and tune in a c.w. signal for maximum strength. No beat note will be obtained
but it will be easy to tell (by the hissing noise)
when the signal has been peaked. The bJ.o.
is then turned on and its frequency adjusted
for the desired pitch of the signal. Most operators like to listen to a note of from 600 to 1200
cycles
the most pleasing pitch is the one
to use.
After the b.f.o. has been set, c. w. signals can
be tuned in and no further adjustments will be
necessary, except the proper control of volume.
Since C.w. receivers do not use a.v.c., it is
necessary to control the r.f. volume manually.
For weak-signal reception, the d. gain control
should be set at maximum and the audio gain
control set at a value that just enables the
operator to hear the background noise. If too
much volume is used, the rush of the background noise will tend to paralyze the earR and
will prevent the reception of weak signals.
Strong signals will sound better if the d.
gain is backed off enough to prevent any tendency towards overloading throughout the set.
Interference can be dodged in milch the
same way as with a regenerative receiver, by
trying to find an adjustment that minimizes
the interfering signal or puts it at zero beat.
It is easier to do with a superheterodyne because the super has much less tendency to
block on strong signals. However, the ear
provides plenty of selectivity, and the good
operator will, through experience, be able to separate two signals that are quite close together
simply by concentrating on the desired one.
Single-Signal Reception
If a crystal filter is incorporated in the receiver, much more satisfactory c.w. reception
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Fig. 904
A graphical illustration of how the sin gle.
signal receiver tunes. As the tuning dial is turned into
the signal, the signal gets louder, as represented hy the
heavier portion of the line in the graph. As it goes down
through zero beat and up on the other side it is very
weak, and is inaudible at one point, as shown by the
discontinuity in the tbin line. The point of inaudibility
i. the point corresponding to the "rejection slot" of the
,·rystal.

is cut into the receiver, a reduction in the
noise will be noticed, and this has led many
to believe that the gain has been reduced. The
gain has not been reduced. but the bandwidth haR. Since the c.w. signal consists of
energy on but one frequency, a wirie bandwidth is not necessary. On the other hand, the
noise power is proportional to the band-width,
so if the filter cuts the band-width down to
one-tenth its former value, the noise has been
cut to one-tenth but the signal remains the
same, resulting in a ten-times increase in
available signal/noise power ratio.
The crystal should not be switched in only
when interference conditions become too severe, but it should be left in the circuit for ail
c.w. reception. This is an important pointthe selectivity of the crystal makes it easy to
lose the signal at the instant the crystal is
switched in. Operate with the crystal in at all
times.
The adjustment of the crystal filter is simplicity itself. With the h.f.o. and a.v.c. off and
the crystal switched in, the "band-width" or
"selectivity" control of the filter is turned
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to the setting normally used for c.w. reception.
In the case of receivers with "full-range selectivity" this will be one or two points back from
the sharpest setting or, with the older-type filters, the point of maximum "hiss" noise. A
signal is then tuned in and peaked, and then
the bJ.o. is turned on and adjusted for the desired pitch of signal. The tuning control of the
receiver is then moved slightly until the signal
has passed through zero beat and is tuned in at
about the same pitch on the other side of zero
beat. Now, adjusting the "phasing" control
will give a setting where the signal is practically
eliminated. The filter isnow adjusted for singlesignal reception. It will be found that most
signals are received on only one side of zero
beat and that only the very strongest signals
can be heard on the other side. By thus eliminating one side of zero beat, the amateur band
being tuned is etTectively doubled in width.
Even the strongest interfering signals can be
eliminated by minor adjustments of selectivity
control, to sharpen up the selectivity, along
with close adjustments of the phasing control,
to reject the unwanted signal. A 450-kc.
crystal filter will normally be used in its
broadest position for c.w. work, while the
160o...kc. crystal filter, which is not capable of
as much selectivity, will normally be used at
its sharpest setting. In any case, the adjustment of the selectivity control which gives the
least noise is the sharpest position, but this can
be too sharp with a 450-kc. crystal and is not
normally used.
Some commercial receivers have no bandwidth selectivity control brought out to the
panel, in which case only the phasing control
can be used. However, the operation is the
same as mentioned above, except that only
variable rejection adjustments are allowed.
If a regeneratifJe i.f, amplifier is used to obtain single-signal reception, the amplifier
regeneration control is advanced until the
amplifier breaks into oscillation and is then
backed otT just to the point where the amplifier is just out of oscillation. This is the most
selective condition for the amplifier, and it is
now only necessary to adjust the b.f.o. for the
proper pitch of the hiss to have single-signal
reception. There is no phasing or "rejection"
control on a regenerative i.f. amplifier, but
considerable selectivity can be obtained and a
very marked reduction of the signal on the
other side of zero beat will be noticed. Strong
signals will tend to "flatten out" the selectivity of the regenerative i.f. amplifier. and
strong signals should be cut down by backing
off the gain ahead of the i.f amplifier, if this is
possible, to retain the selectivity.
Time spent in familiarizing one's self with
the proper handling and adjustment of a singlesignal superheterodyne is an excellent invest-

ment that will pay dividends under severe
interference conditions. Until one is thoroughly familiar with the adjustment of the
crystal filter, it is most convenient first to
adjust it by listening to a commercial transmitter sending continuously outside one of
the amateur bands, or a signal from t,he frequency metcr can be used. The important
thing to remember in single-signal reception is
that the bJ.o. is set so that the signal is louder
on one side of zero beat than on the other and,
with the crystal filter, the phasing control is
set to give rejection on the weak side of zero
beat.
Rellenera tive Preselectors
Regenerative pres electors are often used to
improve the image ratio of a superheterodyne
which does not, in itself, have sufficient selectivit~· ahead of the mixer to reject images.
They are most useful on the 14- and 28-Mc.
bands. They have maximum gain at the point
just before they go into oscillation, and this is
also the point of maximum selectivity. However, they tend to lose selectivity on strong
signals and, for this reason, it is best to operate
them with the regeneration backed otT slightly
if a strong signal is near the one being received. Because of its selectivity, it is difficult
to keep a regenerative preselector tuning in
line with the other signal circuits in the front
end of a superheterodyne, and it is USI\:llly
provided with a separate tuning control. This
control becomes more critical as the regeneration is increased, and it is good practice to
back otT the regeneration control until a signal
is tuned in on the receiver, and then the regeneration can be advanced and the signal
peaked with the preselector.
AHgnment of I.F. Amplifiers
Some sort of signal generator is invaluable
in aligning U. amplifiers, although it is possible
to align them by the noise alone. Assuming
that a signal generator is available, a signal
lead from the generator is clipped on to the
grid lead of the last i.f. amplifier tube and the
trimmers of the transformer feeding into the
second detector are adjusted for maximum
signal in the output. The frequency of the signal generator is set to the nominal frequency
of the i.f. amplifier. The lead from the generator is then clipped on to the grid lead of the
next to the last i.f. amplifier tube and the next
iJ. transformer is aligned by adjusting the
trimmers. The process is continued, working
back from the second detector, until all of the
iJ. transformers have been tuned. It will be
necessary to decrease the signal from the
generator as more and more of the Lf. amplifier
is used because of the increased gain as more
stages are brought into alignment. The i.f.
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transformer tn the plaie circuii of the mixer is
adjusted with the U. signal introduced to the
grid of the mixer.
If a tuning meter that works from the a.v.c.
system is incorporated in the receiver, it can
be used as a check on the alignment, and the
a.v.c. of the receiver should be left on when
the Lf. is being aligned. However, if no tuning
meter of this type is used, the a.v.c. should be
turned off during alignment, and the ear or
an output meter can be used to show maximum
response.
If the i.f. amplifier uses a crystal filter for
single-signal reception, the signal generator
must be set for the nominal frequency of the
crystal and the amplifier aligned as described
above. However, it is probable that the alignment will not be exact for the crystal frequency'
(which probably differs by a. few k.c. from the
one on which the amplifier was tuned) and so
the signal generator frequency should be
varied slightly back and forth, with the crystal
in the circuit, until the peak of the crystal
resonance is noticed, and the amplifier can
then be realigned on this frequency. If desired,
the crystal frequency can be obtained at first
by placing the filter crystal in an oscillator
built for the purpose and using the output to
align the Lf. amplifier. After the crystal has
been put back in the i.f. amplifier, the trimmers should be touched up again, since the
oscillating frequency and the response frequency of the crystal may differ slightly.
Part of the success of a single-signal superheterodyne is dependent upon the Lt. amplifier
being aligned with the crystal frequency - it
is well to check this from time to time to assure
peak performance.
Adjustment of B.F.O.

The bJ.o. trimmer is set so that the frequency of the b.f.o. can be adjusted, by means
of the panel control, to a frequency either side
of the intermediate frequency and thus give a
suitable beat note. It can be adjusted by
turning the gain of the iJ. amplifier wide open
and turning the trimmer of the bLo. until the
hissing noise of the bJ.o. beating with the
random noise is heard or, if the signal generator is left on, until a beat is obtained with the
signal from the generator.
AlilJ,nment of Front End

Since the high-frequency oscillator must
always tune to a slightly different frequency
than the signal circuits in a superheterodyne
- the difference is equal to the intermediate
frequency
the two circuits must "track" if
single control is to be used. This is not as
difficult a problem as it may first appear,
since home-made receivers are usually built to
cover only the amateur bands, and it is a

134

CHAPTER NINE

relaiively simple maHer to make circuits track
over a small range. In commercial receivers,
the job has already been done by engineers,
and it is only necessary to compensate from
time to time for the minor changes due to
hUmidity and temperature changes and the
variations in tubes.
Assuming that the front end of the receiver
works but does not track exactly, the first step
is to adjust the frequency range of the highfrequency oscillator. The tuning dial is set to
the high-frequency end of the band and the
trimmer is adjusted until the frequency of the
oscillator is right to give a signal at the highfrequency end. The tuning dial is then turned
to the point where the low-frequency end
should tune - if it tunes to too low a frequency it shows that too much inductance is
present; if it tunes to too high a frequency
more inductance is required. Slight adjustments of inductance can be made by spacing
turns.
Once the range of the oscillator has been
adjusted, the signal circuits are aligned at the
high-frequency end of the range and then
checked at the low-frequency end of the dial.
If capacity must be added at the low-frequency
end to bring the circuit into resonance, it indicates that more inductance is needed
if less
capacity is needed, it shows that too much
inductance is present.
In a commercial receiver, resetting the trimmer condensers at the high-frequency end of
the scale will normally be all that is necessary.
A commercial receiver of the type using a
band-set dial and a band-spread dial can be
brought to peak efficiency by aligning it in the
amateur bands rather than at the high-frequency ends of the tuning ranges, since it is
possible for a receiver tracking over such a
large frequency range to go out of line at some
of the intermediate points, a.nd one of these
points might be the amateur band that interests the operator.
AlilJ,nment of Lamb Noise Silencer

The adjustment of the Lamb type of noise
silencer depends on the proper alignment of
the separate i.f. channel used as the noise
amplifier and rectifier. It is aligned after the
regular Lf. amplifier has been adjusted. A
steady carrier is tuned in and the noise control
on the panel is advanced. The trimmers on the
transformers of the noise amplifier are then
adjusted until the receiver blocks up. Backing
off the noise control will bring the carrier back
and the trimmers can be adjusted still further.
The correct adjustment of the trimmers is
that which gives the blocking effect with the
minimum advance of the noise control. This
setting should occur with the noise control
about three-quarters advanced.
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The receiver is normally operated with the
noise control in the "off" position. When some
noise is heard, the control is advanced to the
point where the noise dies out, leaving the
operator free to tune across the band as usual.
The noise control must be backed off slightly
on strong signals, to prevent blocking of the
receiver.
If separated-pulse type noise is not properly
reduced by the silencer it normally indicates
regeneration or perhaps too much lag in the
lead back to the injection grid of the silencing
tube, and the condensers and wiring should be
checked for excessive capacity.
Trouble

Shootin~

in Superheterodynes

Misalignment of i.f. amplifier can be detected by broadened tuning and lack of
sensitivity. It can be corrected by realignment.
I.f. amplifier off tune with crystal will show
up by peaking a carrier (bJ.o. off) with the
crystal out of the circuit and noting the tuning
dial setting. The crystal is then switched in
and the carrier peaked again. If the two tuning
dial settings are different it indicates that the
Lf. amplifier is not tuned to the crystal frequency. Occasionally it will be found possible
to tune in a station sharply at two points 10
kc. or so apart on the dial (with the crystal in)
but only one of these points will give a beat
with the bJ.o. This is caused by a poorlyaligned U. amplifier allowing a secondary
response peak of the crystal to show up. Such
a secondary peak may result from a chipped or
otherwise damaged crystal.
Front end out of track is indicated by a variation in the noise response of the receiver as it
is tuned from one end of the tuning range to
the other, with the antenna removed. A quick
spin of the dial will show that the noise comes
up at several settings and drops off at others.
If the effect is pronounced, it is well to make
certain that one of the dead spots does not
coincide with one of the amateur bands. If it
does, the front end should be made to traok
on the amateur band. The noise will be less on
the higher-frequency bands.
Front end signal circuits out of line can be
detected by disconnecting the antenna. The
noise in the headphones or speaker should
decrease. The grid of the first d. stage should
then be shorted to ground with a O.OI-,.fd.
condenser and the noise should decrease still
further. Working through the signal circuits of
the receiver (r.f. stages and mixer), as each
grid is shorted by the condenser the noise
should decrease. The effect will be most noticeable on the lower frequencies but should be
apparent even at 14 Me. and will show up on
an excellent receiver at 28 and 56 Mc.
The above troubles apply to hoth commercial and home-made receivers alike
the

following troubles occur when a new homemade receiver is first put into operation:
Oscillating i.f. and r.f. amplifiers show up
when the b.f.o. is turned on and the d. (and
i.f.) gain control is advanced to the full position. A loud howl will result or the set will
block up. The stage responsible for the oscillation can be found by starting from the input
of the set and shorting the grid of each tube
to ground by a O.01-,.fd. condenser. When a
tube is reached that stops the effect, the immediate circuits should be studied in an effort
to locate the cause. Oscillation in an amplifier
is normally caused by high-impedance cathode
or screen-grid returns or by inductive coupling
between grid and plate circuits. The former
causes can be checked by by-passing the
cathode or grid right at the socket - the latter
can usually only be rectified by additional
shielding or changing the orientation of the
coils. Sometimes the oscillation can be caused
by long ground returns - it is well to ground
all leads for anyone stage close to the socket
of the tube and not to depend upon the chassis
to any great extent.
Instability with 'phone reception can be
caused by an unstable high-frequency oscillator, and with c.w. reception (evidenced also
by modulation of all signals) it can be caused
by either an unstable high-frequency oscillator
or an unstable b.f.o. The bJ.o. can be checked
by feeding a signal in at the intermediate
frequency - if the instability is still present
it is caused by the b.f.o. H.i. oscillator instability can be caused by a loose connection,
poor tube, poor resistor in the grid or plate
circuit, poor voltage regulation or, in sets
where a pentagrid converter is used, by overloading of the mixer. All of these factors
should be checked in looking for the trouble.
Oscillator coupling is an important fa..,tor in
the home-made receiver and should never be
left to chance. If the oscillator is capacitycoupled to the mixer. reducing the value of
the coupling condenser will reduce the coupling. If inductive coupling is used, fewer
turns in the coupling coil or moving it farther
away will reduce the coupling. If too little
coupling is used, the receiver will lack sensitivity, and if too much is used (except in the
case of the 6L7 mixer) the receiver will be
easy to overload and selectivity will be reduced.
The optimum coupling can usually be found
by reducing it to the point where the gain
begins to drop off. The performance of a 6L7
is more or less independent of oscillator volt.age, and no adjustment is necessary.
Too much b.i.o. voltage is sometimes a dioadvantage during weak-signal reception. It
can be cut down by reducing the coupling or
reducing the d.c. voltage on the bJ.o. Too
little bJ.o. voltage will be apparent by a tend-
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eney for strong signolg to \I block:" and II mugh"
without giving a solid beat note. However,
reducing the d. gain and increasing the audio
gain will give a good signal in this case.
Antenna coupling plays a large part in determining the image ratio. With an Lf. of 450 kc.
and one stage of rJ. ahead of the mixer, no
trouble with images should be experienced on
7 Me. and below. Some may show up on 14 Me.
(especially from I5-Mc. band broadcasting)
and they are to be expected on 28 Mc. and
higher. Two stages of d. should give little or
no image interference on 14 Mc. If only a few
images are noticed, they can be reduced by
loosening the antenna coupling, but the antenna coupling should never be loosened beyond the point where signals start to drop off
noticeably. If images occur on 7 Me. and lower
with one stage of d., it is an indication that
the antenna is too closely coupled, or possibly
the d. stage is too closely coupled to nbe
mixer,
If a regenerative preselector is used, the
antenna coupling should be adjusted so that
the preselector will oscillate with the regeneration control set at about three-quarters in. If
it refuses to oscillate, the antenna coupling is
too tight or not enough feedback is present.
If the preselector cannot be made to oscillate,
it will be impossible to reach the point of
maximum gain and selectivity except in rare
instances.
In general, receivers should first be aligned
and adjusted by working from the output up
towards the input. In shooting trouble, however, it is sometimes more convenient to work
from the input towards the output, as in the
case of running down an oscillation or finding
a stage that lacks gain. Tubes should be
shorted at the grid or plate by a condenser
so as to short the d. but not to disturb the
d.c. voltages.
• SERVICING SUPERHETERODYNES
In addition to the general receiver servicing
suggestions already given, there are a few others for troubles peculiar to superhet type receivers. Generally poor performance, charac·
terized by broad tuning and poor sensitivity,
calls for checking of the circuit tuning and
alignment as previously described. The procedure is to start with the receiver output
(audio) and work back as mentioned previously.
In case of oscillation in high-frequency amplifier and first detector circuits, as evidenced
by squeals or "birdies" with varying of their
tuning, look for poor connections in the common ground circuits, especially to the tuning
condenser rotors. Inadequate or defective bypass condensers in cathode, plate and screengrid circuits also can cause such oscillation. In

136

CHAPTER NINE
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9.
baffle shield between the stators of pre-d. amplifier and first-detector ganged tuning condensers, in addition to the usual tube and
inter-stage shielding. A metal tube with an ungrounded shell will cause this trouble. Improper screen-grid voltage, as might result
with a shorted or too-low screen-grid series resistor, also could be responsible,
Oscillation in the Lf. circuits, independent of
high-frequency tuning and indicated by a continuous squeal when the gain is advanced with
the c.w. beat oscillator on, will result from similar defects in Lf. amplifier circuits. Inadequate
cathode resistor by-pass capacitance is a very
common cause of such oscillation. Additional
by-pass capacitance, 0.1 to 0.25 "fd., usually
will remedy it. The same applies to screen-grid
by-passes of Lf. tubes.
"Birdies" and "mush" occurring with tuning of the high.frequency oscillator may indicate that it is "squegging" or oscillating
simultaneously at high and low frequencies.
This may be caused by a defective tube, toohigh oscillator plate or screen-grid voltage,
excessive feed back in the oscillator circuit or
excessive grid-leak resistance.
Excessive "hiss" may be caused by a defective h.f. or i.f. tube, by an open grid circuit,
or by misalignment of high-frequency or U.
circuits. It may be helpful in Borne cases to
reduce the oscillator screen voltage, in the
case of an electron-coupled oscillator, or the
plate voltage in the case of a triode. The same
symptoms and remedies apply to the c. w.
beat oscillator and its coupling to the second
detector. There should be some increase in hiss
when the latter is switched on, as a result of the
Lf. noise components beating with the carrier
it furnishes in the second detector.
High-frequency harmonics from the c,w.
beat oscillator will show up as steady "carriere" which tune in like signals. These can be
identified by disconnecting the antenna. If
they remain the same with antenna on or off,
they are almost certainly traceable to the beat
oscillator, and are prevented by design precautions in shielding and filtering supply leads.
Other "birdies" which show up in the operation of the receiver are likely to result from
image interference. An image beating with an
on-tune signal, such as an image short-wave
b.c. station beating with an amateur 'phone,
will produce a heterodyne that can be tuned,
and it will tune twice as fast as a regular signal
beating against the b.f.o. Normally, tuning will
not change the pitch of the heterodyne between two signals that can be heard at the
same time. Second, with a single-signal receiver an image will .. peak" on the opposite
side of zero beat to the side on which normal
signals peak as the receiver is tuned. The last
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method gives positive image identification
with the receiver's beat oscillator on.
lf a receiver equipped with a.v.c. blocks on
IIloderately strong signals when the a.v.c. is
supposed to be on, check to make certain that
it is in operation. If a separate a.v.c. tube is
used, check to see that it has not burned out or
failed otherwise. If motor boating occurs with
a.v.c., a defective tube, open load resistor or
leaky by-pass condenser IIlay be at fault. Insufficient time constant (too-small by-pass
capacitance) and inadequate r.f. filtering in the
a.v.c. feed circuits also can cause this trouble.
On excessively strong signals, sufficient to drive
the grid of a controlled tube positive, the same
effect is likely where a.v.c. is applied to only
1 or 2 stages. It is not probable with the full
range a.v.c. available in the better type receivers.
A similar motor boating effect may occur
with high-selectivity receivers, especially where
a crystal filter is used. It is most noticeable
with a. v.c. in operation. Ita source is principally
instability in the high-frequency oscillator.
This trouble can be eliminated by improving
the voltage regulation of the supply and the
stability of the oscillator.
• AUDIO AMPLIFIERS

Audio amplifiers do not normally give any
trouble except from hum and, in high-gain
affairs, feedback or "motorboating." Hum can
be reduced by making ct'rtain that one side of
the heater is grounded or, if both sides are free
from ground, that both heater leads are bypassed to ground. Hum can be introduced via
the first grid of the audio amplifier
if the
hum increases as the volume control is turned
up, it is probable that the hum is being picked
up near the volume control, and the case of the
control should be grounded and the grid lead
shielded if necessary. Audio hum can also
come from an inadequately filtered power supply, in which case an additional 8-pfd. condenser across the power supply will reduce or
eliminate the hum.
Feedback or "motorboating," manifested by a
"putt-putt-putt" type of noise in the output,
is caused by common impedances in the plate
or grid circuits, and can be eliminated by further by-passing of the circuits or by isolation
through resistance-capacity combinations. It is
rarely encountered when there is sufficient
capacity in the output of the power-supply
filter.
A noisy audio tOlume control, indicated by
a scraping noise as it is turned, yields to only
one solution: replacement.
The tone control, which is simply a variable
resistor in series with a fixed condenser which
enableB the higher a.udio frequencies to be
attenuated, should give no trouble. However,

in the event tha.t turning the tone-control
knob doesn't have any effect in reducing the
higher audio frequencies, the condenser and
resistor should be checked. If the resistor is not
open, a larger value of condenser should be
added.
• JUDGING RECEIVER PERFORMANCE

Sensitivity: The limiting factor determining
the effective sensitivity of a receiver is its
own noise ratio. For a given degree of selectivity (band width) this is determined by the
gain in the first circuit. With the antenna disconnected, a rough check on this gain can be
made by shorting the first tuned circuit of the
receiver, leaving the other circuits unaffected,
and noting the variation in noise output on a
rectifier-type voltmeter connected across the
output terminals. The c. w. beat oscillator
should be swit.ched on to furnish a carrier in
the second detector of a superhet, gain should
be full-on and a.v.c. should be switched off.
The noise output should decrease with detuning. showing that the first circuit has appreciable impedance as evidenced by thermal agitation voltage. If it does not decrease, the gain
of this circuit is negligible. This test should be
made on each frequency band. Little change is
likely on 14 Mc., but should become appreciable on 3.5 and 1.7 Mc. The test should be
made on r.f. amplifier and detector stages.
Unchanged noise with the first detector input
shorted would indicate that the first detector is
the principal source of noise and that there is
little gain ahead of it.
Stability; With the beat oscillator on and a
steady signal tuned in, vary the manual d.
gain control rapidly. This will affect the oscillator plate supply voltage, as a result of varying r.f. stage plate current load. The beat note
should vary but a few hundred cycles. Another
check can be made for temperature stability
by noting the change in beat note for a quarterhour or so after "cold sta.rt" of the receiver.
Mechanica.l stability can be checked by jarring
the receiver and pushing against its panel and
the sides of its cabinet. noting the shift in
c.w. beat note.
Band-Spread: Band-spread on each amateur
band can be judged by the tuning rate and the
calibration spread. Tuning rate is the average
number of kilocycles covered with each rotation of the tuning knob, while calibration
spread is the average number of kilocycles
represented by each of the smallest tuning
scale divisions. Tuning rate of approximately
50 kilocycles per knob rotation is generally
satisfactory in high-selectivity s.s. receivers,
assuming a knob of "natural" size (approximately 2-inch diameter). Calibration spread of
10 kc. or leas per scale division is satisfactory
for reset and logging purposes.
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Transmitter Construction
Low- and Medium-Power Transmitters - Single-Tube and
Push-Pull Amplifiers - Band-Switching Exciters and Amplifiers
E.C.O. Exciters - Antenna Couplers

IN

THE descriptions of apparatus in this chapter not only the electrical specifications but
also the manufacturer's name and type number
have been given for most components. TWs is
for the convenience of the builder who may
wish to make an exact copy of some piece of
equipment. However. it should be understood
that a component of different manufacture. but
of equivalent quality and having the same
electrical specifications, may be substituted
wherever desired.
In most cases such substitutions will make no
major modifications necessary, although slight
wiring changes may be needed to take care of
different terminal arrangements, etc.

• SIMPLE TETRODE OSCILLATOR
TRANSMITTER
The unit shown in the photograph of Fig.
• 1001 represents one of the simplest types of
amateur transmitters. The various parts are
assembled on a breadboard which may be purchased already finished at any "dime" store.
Rubber feet are tacked on at the corners to
elevate the base a half-inch or so to clear
mounting screws. A "ground" wire is run from
one side of the crystal socket to one side of the
coil so.cket to wWch all ground connections
shown in the diagram of Fig. 1002 are made.
Since parallel plate feed is used, the only exposed Wgh-voltage points are the plate-circuit
d. choke and the high-voltage power terminal.

Fig. 1001 - The simple breadboard tetrode oscillator
transmitter. The grid r.f. ehoke is between the crystal
and 6L6 and the plate ehoke to the right: of the 6L6.
The cathode and screeD resistors are to the rear of the
6L6. The blocking condenser Ca is between the tube and
tbe tank coodenser.
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Fig. 1002 - Circuit diagram of the simple telrode
oscillator transmitter.
CI-250."pld. midget variable (Natiooal STH250).
C, - O.OOI.pld. mica.
c., Ca - O.OI.pld. paper•
Rl - 200 ohms, 2.watt.
Rs -15,000 obms. 2.watt.
R.i.c. - 2.5.mh. r.f. cboke.
Ll-1.75 Me. -42 tumB No. 22 eDam., 2 in.looll•
S.5 Me. - 21 tumB No. 18 eDam., 2 in. loog.
7
Me. - 15 turns No. 18 eDam., 2 io. long.
All coils wouod 00 "·prong, 17!i.io. diam. forms.

c..

Grid bias is obtained entirely from the cathode
resistance. Either simple voltage feed to a halfwave antenna or an antenna a multiple of onehalf wavelength long or link coupling to an antenna tuner (see Fig. 1046) may be used by
adding the link winding at the bottom of the
form as indicated.
Although a 6L6 is shown in the photograph,
a 6V6 might be used at lower plate voltage
without circuit alteration. Any available supply delivering up to 450 volts or so may be
used with tWs unit, the power output obtainable increasing with the voltage used. The unit
shown in Fig. 1102 is suitable. Since the circuit
is not designed for frequency doubling, a sepacate crystal will be required for each frequency
at which it is desired to operate.
Tuning
A milliammeter with a scale of 100 or 200 mao
should be connected in series with the key to
assist in tuning. With suitable coil and crystal
in place and the Wgh voltage turned on, a rise
in plate current should occur when the key is
closed. The plate tank condenser 01 should
then be rotated until there is a pronounced dip
in plate current at resonance. If the voltage-fed

Transmitter Construction
nance with the antenna disconnected. It should
be possible to load up the circuit until the tube
draws about 80 rna. at resonance. Under these
conditions, the power output on each band
should be 15 to 20 watts .
• 6L6 COMBINATION·OSCILLATOR
TRANSMITTER
In the low-power transmitter shown in Figs.
1003 and 1005, a combination circuit is used
to obtain output at the second harmonic of the

Fig. 1003
The 6L6 combination oscillator trans·
mitter is built in compact form on a 4.in. by 5·;n. by 5·in.
chassis Or utility hox. The plate coil 14 is hebind the tank
condenser and the cathode unit plup into the socket to
tbe left. The tank condenser mounts on the chassis with
%.in. metal spaeers. A clearance hole. lined with a
grommet is provided at the rear of the tank condenser
for the connection to the coil socket underneath. Six.
prong sockets are used lor the cathode units and the
crystal, 5.prong for the plate coil and octal for the 6L6.
All are Amphenol type MIP.

CATHODE -LIN IT CONNtCroONS
XTAL FlIND.

1.7_MeQ~3
'6 • 11-Me

xtal

volts. The tube will draw about 76 ma.. nonoscillating, dipping to about 50 mao at reso-

3S-Mc.

Output

Output

J

•

antenna is used, it may now be connected to
the antenna terminal and a temporary wire
run from the antenna terminal to reach the
coil L 1• Starting at a point one-third or half·
way up from the bottom of the coil, scrape the
wire at a spot, being careful not to short-circuit
turns, and let the antenna wire rest against the
bare spot. Tuning the transmitter as before,
the plate·current dip should again be found,
although less pronounced this time. The tap
should be moved gradually toward the top of
the coil until only a slight dip in plate current
is observed as the plate tank circuit is tuned
through resonance. At each adjustment of the
antenna tap, the transmitter should be tested
to make sure that the circuit keys well. Should
a point be reached where it is difficult to get
the crystal to start, the tap should be backed
off somewhat. It will be found possible to load
up the circuit more with certain more active
crystals than with others and still maintain
good starting and keying characteristics. When
a satisfactory point has been found for the
tap, it may be soldered in place permanently
and a connection made through one of the
unused pins on the coil form.
With a 6L6 and a plate supply delivering 400
volts, the screen voltage will run about 250
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Fig. 1004
Circuit diagram of the 6L6 combination
oscillator transmitter.
CI
250 ..."Id. midget variable (National STH250).
C2 - 50.....fd. mica.
D - 6O.m". dial light.
Cs.c.. C&-IOO·..,Jd.mica. Rl-20.000ohms, j.watt.
Co - O.OOl·..fd. mica.
R2 - 200 ohms, IO·watt.
Cr, Cg, C.-O.OI ...fd. paper. R.I.c.-2.S.mh. r.f.choke.
LI - For a.5.Me. output with 1.75·Mc. erystal- 32
turns, No. 22 d.s.e. close-wound.
For 7·Me.. output with a.5.Mc. crystal - 10
turns, I.in. long.
For 14.Me. output with 7.Me. crystal
6~
turns, 1.in. Ion g.
All above wound with No. 22 enam. on I~-in.
diam. 6.pin forms.
14
1.75.Me. output - 40 turns No. 22 enam., l~.in_
long.
a.S.Me. output - 21 turos No. 18 enam., I~-in.
loog.
7.M c. output
n turns No. 18 enam., I-in. long.
H..Me. output - 6 turns No. IS enam., l.in.long.
All above wound On l~.in. diam., 5.pin Corms.
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crystal frequency as well as at its fundamental
frequency. Thus, It crystal of 'Properly-chosen
frequency may be used to obtain output in two
bands; a 3.5-Mc. crystal, for instance, may be
used to operate in the 7-Mc. as well as the
3.5-Mc. band.

and output terminals and the power-supply
lug strip need be made after the top plate is
fastened to the box. It will be necessary to
make one or two small cutouts along the top
edge of the box to clear the sockets. The unit is
designed to connect to the power supply
through a 5-wire cable as shown in Fig. 1306.
Tuning

Pig. 1005
Assemhly of small parts underneath and
wiring i. simplified by the fact that the top plate is removahle. making it possible to do most of the work outside the hox. Filament and other low.potential wiring,
resistors and hy-pass condensers are placed down close
to the chassis, while r.f. chokes and high-potential r.f.
leads are kept well-spaced from the metal. Insulating
lug strips anchor the r.f.chokes, etc., and the tennination
of the power cable. Insulated pin jaeks at the rear are
used for the key and link.output tennmals.

The circuit, shown in Fig. 1004 combines
the features of the "grid-plate" oscillator,
which has been found to possess advantages
over most others for operation with maximum
output at the crystal frequency. and those of
the Tri-tet circuit which is excellent for obtaining output at the second harmonic. Both
circuits possess characteristics approaching
those of an oscillator-amplifier in that the
obcillating circuit proper is isolated and, therefore, operates more or less independently of
the output load circuit. Change from one circuit to the other is made automatically by
plugging in the proper units in the cathode circuit. The 60-ma. dial light, D, is in series with
the crystal to serve as an indicator of crystal
d. current and as a safety fuse in case the
wrong combination of units is plugged in by
mistake.
The unit is built up in compact form, since it
is designed to combine with the power supply
of Fig. 1102 and the antenna tuner of Fig. 1046
to form a single standard 17-inch rack unit.
(See Fig. 1305.) The top of the box is removable so that only the connections to the key
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Reference should be made to the table of
cathode units in Fig. 1004 to determine which
unit to use depending upon the frequency-band
of the crystal and the band in which power
output is desired. It will be noted that there is
no winding on the cathode-unit coil forms
shown for output at the crystal fundamental,
the empty coil form merely being strapped to
close the required circuits. The 1.75-Mc. unit
contains an extra 100-""fd. condenser which
connects in parallel with Ca when the unit is
plugged in. The cathode units for use when the
circuit is to double frequency have each a
winding as indicated. If, for example, we wish
to operate in the 3.S-Mc. band with a 3.5-Mc.
crystal, unit C is plugged into the cathodecircuit socket and the plate coil for 3.5-Mc. in
the plate-coil socket. If we were to operate at
3.S Mc. with a 1.7S-Mc. crystal, unit B would
be used in the cathode circuit and the same
plate coil used. 7-Mc. output from a 3.S-Mc.
crystal will be obtained with unit D in the
cathode socket and the 7-Mc. plate coil, etc.
The use of fixed values in the cathode circuit
has eliminated any manual control for this circuit. Therefore, it is necessary only to tune the
plate circuit for output on any given band.
Any plate voltage up to 500 may be used, the
power output increasing with plate voltage
increase.
Screen voltage may be taken from a voltage
divider resistance across the output of the
plate-voltage supply. It is preferable to locate
the voltage-divider resistance in the powersupply unit as described under Fig. 1306
rather than in the oscillator unit itself to reduce heating effects. The divider tap should be
set so the screen voltage does not exceed 300
volts under loaded operating conditions. Tuning the transmitter is merely a matter of tuning
the plate circuit to resonance and adjusting
the load. When operating at the crystal fundamental, oscillations will start when the plate
circuit is tuned only approximately at resonance, the plate current dipping as usual at
resonance. With a SOO-volt plate supply and
the screen voltage set at 250 volts, the plate
current when the circuit is not oscillating will
run approximately 80 rna., dropping to 40 rna.
or so at resonance. As the antenna is coupled,
the dip in plate current at resonance will become less pronounced, disappearing almost
entirely when the circuit is fully loaded. It is

Transmitter Construction
Fig. 1007 - The chassis is 7 -in. by 17 in.
hy 3 in. All sockets except that for the final
tank coil are suhmounted. The cathode coil,
L,. is in front of the oscillator tuhe. The final
tank condenser. Ca. to the left i. mounted on
insulating hutton. and spacers to bring the
shaft up level with that of the dual condenser. Amphenol type MIP sockets are used
throughout, a 6-prong with two groups of
three prongs wired together for the crystal
socket. One·half-inch holes lined with grommets arc drilled for the high.potential lead.
which must pas. through the chassis. The
halancing condenser. Co. is mounted at the
rear of Ct.

best to use some sort of indicator in the load
circuit, such as an r.f. ammeter in the feeder,
to assist in tuning for maximum output.
Heavy loading should not affect the oscillator's
keying characteristics. When loaded so that
the tube draws 75 rna., the output should be
close to 20 watts on any of the three bands
under the conditions described.
The tuning procedure, when operating at the
crystal's second harmonic, is similar. Oscillations should start as soon as the plate voltage
is applied and the key closed, regardless of the
setting of the tank condenser. Under the conditions described previously, the plate current
should dip to 40 or 50 rna. at resonance with
the circuit unloaded. Adjusting the load so
that the plate current runs 80 to 90 mao at
resonance, the output at the harmonic frequency should be 12 to 15 watts. Here also,
loading should have no effect upon keying
characteristics. Under normal conditions the

Fig. 1006 - The panel of the two-stage 6L6 transmitter is 8;!;{ hy 19 inches. The toggle switch at the left

is SWl and the one at the right SW2. The meter switch
is below the meter.

crystal-current dial lamp should show no more
than a medium-bright glow. A bright light or a
burn out will indicate a fault in the circuit or a
mistake in the cathode unit selected.
As indicated in Fig. 1004, coupling to the
antenna circuit is by means of a link winding
wound on the plate tank-coil form below the
plate winding. The number of turns in this link
winding and the distance from the plate coil
should be adjusted to give the desired coupling
for each band. Usually 3 or 4 turns spaced
about X-in. from the plate winding will be
found sufficient.
• A TWO-STAGE 6L6 TRANSMITTER

In the two-stage transmitter shown in the
photographs of Figs. 1006, 1007, and 1009, a
6L6 or 6V6 crystal oscillator is used to drive an
output stage employing a pair of 6L6's. The
oscillator circuit (Fig. 1008) is arranged so
that it is operated as a Tri-tet with fixed
cathode tuning when it is desired to double
frequency in the plate circuit of the oscillator
while, by short-circuiting the cathode tank
circuit, it is operated as a tetrode oscillator for
obtaining oscillator output at the crystal fundamentaL
The output stage is arranged primarily as a
push-push doubler so that frequency may be
doubled in this stage as well as in the oscillator
when required. Thus, output frequencies in
three bands may be obtained from a single
crystal of properly-chosen frequency.
When the output stage is to be operated as
a straight amplifier, the heater of one of the
tubes is turned off by opening SW2 which
also cuts in extra resistance in series with the
high voltage to the oscillator plate to reduce
the output of the oscillator, thereby avoiding
over-driving of the single tube with consequent reduction in output. The idle tube acts
as a neutralizing condenser for the other.
The plate circuit of the oscillator is split to
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tube connected acrOSB the oppotlite side of the
CrY8t ..1
&C..th.
1.75 Me.
1.75 Me.
1.75 Me.
1.75 Me.
3.5 Me.
3.5 Me.
3.5 Me.
3.5 Me.
1
Me.
Me.
7
Me.
7
Me.
1

08C.
Plot"
1.75 Me.
1.75 Me.
3.5 Me.
3.5 Me.
3.5 Me.
3.5 Me.
Me.
7
7
Me.
Me.
7
Me.
7
14,
Me.
Me.
14

Output
Circuit

SWI

1.75 Me.
3.5 Me.
3.5 Me.
Me.
7
3.5 Me.
7
Me.
Me.
1
14:f Me.
7 'fMc.
14Me.
Me.
14
Me.
211

Closed
Closed
OpeD
Open
Clo...,d
Closed
Open
Open
Closed
Closed
Open
Open

SW~

OpeD
Closed
OpeD
Closed
OpeD
CI.,..ed
Open
Closed
Open
Closed
Open
CI.,..ed

provide for push-pull feed to the output stage.
C2 is used to compensate for the unbalancing
effect of the output capacity of the oscillator

Bottom

~4~CATHOOE
7
3
1

plate circuit.
Meter switching is provided so that a single
milliammeter may be used to check all plate
and grid currents. The shunting resistances
RH, RlO and R16, which are connected across
the 10-ma. meter when reading grid currents,
are sufficiently high in value to have negligible
effect upon the original calibration of the meter. RI2 and RI3 are wound with copper wire
and the resistance adjusted to give a meterscale multiplication of 10 and 30 respectively,
so that the original scale of 10 rna. will be increased to 100 rna. for checking oscillator
cathode current and to 300 rna. for checking
amplifier cathode current. Information on
making these shunts will be found in Chap.

Bottom

o.3V.

- H.\f.'"

4

Sw,
Sw,
C4
CATHODE COIL SOCKET

CATHODE. COlll'ORM

Fig. 1008 CI - Split.statormidget condenser.
140 I'l'fd. per section (Ham.
marlnnd MCD140S).
C2 - 25.ppfd. midget (Cardwell
ZR25AS)
.
Ca - 260-"pfd. variable condenser
(Hammarlund MTC.2S0.
C).

Circuit diagram of the two-stage 6L6 transmitter.
Cr. Ca, Cg. CIO, Cn. CI2 - 0.01.
Re, Rg - 5000 ohms, 10.watt.
I'fd. paper.
RIO. Ru
10,000 ohms, 10.watt.
Cx -IOO:p~d. mica. .
RI2 - Meter multiplier resistance,
MA - MdhamDl;eter WIth 0.10 mao
10 times.
scale (TrIplett Mod. 326).
RI3 - Meter multiplier resistance,
30 times.
R.f.c. - 2.5.mh. d. choke.
RI - 20,000 ohms. I·watt.
R2, Ra - SO.ooO "hIDS, I.watt.
Ra. Ru. RIO - SO ohms. 7\1.watt.
R4 - 200 ohms. 2.watt.
SWI - S.p.s.t. toggle switch.
Rs - 200 ohIDS. 10.watt.
SW, - D.p .•. t. toggle switch.
C. -loo'l'pfd. mica.
Ro
50.000 ohms. 2-watt.
SWa - Two.gang, 5-contact tap
0;, Co - ISO'l'pfd. mica.
R7 -15,000 ohms. 1O.watt.
switch (Mallory 1326L).
LI -1.7S.Me. crystals -32 turns No. 22 d.s.c .• close.
Ahoveeoils wound on Hammarlund 17\1·in. diam.,
wound.
5.prong coil forIDS. eentertapped.
3.5.Me. crystals-l0 turns No. 22 d.s.e•• l·in.
Ls-1.7S Mc.-28 turns No. 18enam.• 274:.in.diam.,
long.
17\1.in. long.
7.Me. crystals - 67\1 turns No. 22 d ....c .• %;.in.
3.5 Me. -16 turns No. 14 enam., 274: .in. diam.,
long.
274: .in. long.
Ahovecoilswoundon Hammarlund 17\1.in.diam..
7 Me.-1O turns No. 14 enam., 274:.in. diam .•
4.pin coil form..
2~.in.long.
14 -1.75 Me. - 68 tum. No. 24 d.s.e., close-wound
14 Me.
6 turn. No. 14 enam .• 274:.in. diam .•
3.5 Me. - 36 tum. No. 24 d.s.e .• 2-in. long.
274:.in.long.
7 Me. -22 tnrn. No. 22 d.s.c., 17\1.in.long.
28 Me. - 3 turns No. 14 enam .• 17\1.in. diam .•
14 Me. -10 turns No. 22 d ...e.• 17\1.in. long.
174:.in.long.
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Fig. 1009
High.potential r.f.
leads should be made as ahort aa
possible and kept well.spaced
from the chaasis. By.pass con·
densers and resistors are fastened
with one end soldered to the point
of connection and the other end
grounded to the nearest mount·
ing screw or supported hy a fibre
lug strip where insulation is reo
quired. The meter-sbunting reo
sistanees are soldered directly to
tbe switeb points. The cathodecircuit condenser, C. is connected across tbe socket of LI.
with the short-circuiting switch.
SWI directly in front.

17. The cathode circuits of both stages are
keyed simultaneously.
The amplifier will handle a power input of 80
to 90 watts when both tubes are in use, or inputs up to 50 watts when the single tube is
used as a neutralized amplifier. At a voltage at
the input terminal of 475 volts, which should
not be exceeded (the power-supply shown in
Fig. 1104 is suitable), output power between
40 and 45 watts is obtainable from the two
tubes as doublers at 3.5, 7 and 14 Mc. and 22
watts at 28 Mc. The single tube, operating as a
straight amplifier, will deliver 30 to 35 watts.
When lower voltages are used, power output
will be proportionately reduced.
Coila

Coils for LI and L.? are wound on Hammarlund ly:!-inch diameter forms, following the
dimensions given under the circuit diagram.
Four-prong forms are used for LI and 5-prong
forms for L2. L2 is tapped at the center in each
case. Connections for the cathode-circuit
socket and coil forms are shown in Fig. 1008.
In the coil for use with 3.5-Mc. crystals only,
an extra 100-,u,ufd. mica condenser, C", is connected across the two unused pins of the form.
This is automatically connected in parallel
with C4 when the a.5-Mc. cathode coil is
plugged in. All coils for L3, excepting the one
for 28 Mc. are wound on Hammarlund 5prong, 2U-in. diameter forms. The coil for 28
Mc. is wound on a ly:!-in. form.
Tuninlj

The accompanying table shows the various
combinations which may be used to obtain
output in the desired band with any particular
crystal and as indicates the positions in
which SWI and SW2 should be thrown for each
combination. For preliminary testing, the
high-voltage connection to the output stage
should be disconnected at the terminal. After
the operator has become accustomed to tuning
the transmitter, this will be unnecessary. Both

switches should be cloBed and
of crystal and coils

cho~lln

the oscillator plate circuit to be tuned to the
crystal frequency and the output circuit to the
second harmonic of the crystal frequency; i.e.,
3.5-Mc. crystal, 3.5-Mc. coils for LI and L.?
and 7-Mc. coil for La. The meter switch should
be thrown to the first position where the meter
reads oscillator cathode current. As soon as
the plate voltage has been applied and the key
closed, CI should be tuned for a dip in plate
current. When this has been found, the meter
switch should be turned to the fourth position
so that the meter will read total grid current to
the output stage. After C1 has been adjusted
for maximum grid-current reading, the switch
may be set at the second position where the
meter reads the grid current for one tube. Thi!
reading should be compared with that for the
other tube by turning to the third switch position. C2 should now be adjusted in small steps,
following each step with a retuning of C1 for
maximum grid current to one tube and then
switching the meter over to compare it with
that of the second tube. Eventually a point
will be found where the two individual grid
currents are equal and C2 will require no further attention. The meter switch may now be
turned to the last position, the plate voltage
applied to the output stage and Cs tuned for
maximum plate-current dip.
Adjustments when doubling frequency in
the oscillator are similar, except that SWI will
be open instead of closed. In operating the
single tube in the amplifier stage for straight
amplification, adjustments are the same except that SW2 is open and the plate current
will not run so high. Grid current will, of
course, tlow but to one tube. Since the range
of C3 may be great enough with certain coils
to cover more than one band, care should be
taken to make sure that the correct plate-current dip is selected.
A link winding should be wound below La
on the same form for coupling to the link input
of a following amplifier or to a suitable antenna tuner.

combination

Typical values of voltages and currents for a

which will permit

supply voltage of 475 are given below. They are

II.
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vide isolation bet ween the oficillllltor
and following stages. The 802 is used
in the ouput stage to add further to
the isolation and to provide a means
of obtaining a power output from the
unit of 15 to 20 watts or more at full
voltage
a power level comparable
to that of a power crystal oscillator.
This type was chosen in preference to
the 807 because of the latter's tendency toward parasitic oscillations
which are often responsible for poor
e.c.o. performance. It is considered
preferable to build the isolating and
power stages into the e.c.o. unit rather
than to feed the oscillator into existing
stages of a transmitter which may not
be designed for the purpose.
It will be noticed from the circuit
diagram of Fig. 1011 that the grid
circuit of the e.c.o. and the plate circuits of the 6L6 and the 802 are tuned
simultaneously by a gang of three
midget condensers. These circuits
may be tuned individually by omitting C 6 and C6 and substituting 100.u.ufd. condensers for C7 and Cs. The
slight additional cost of the ganging
is well worth while, however. Parallel
plate feed is used throughout to perFig. 1010 - A steel utility box, 5 in. by 6 in. by 9 in., i. used as
the chassis. A standard 7.hy-8 steel panel is fastened on the front.
mit direct grounding of the various
The small knob to the left control. the vernier for small frequency
tuned-circuit components. The sepachanges, while the one to the right operates the keying switch. The
rate cathode winding, L 2, instead of
shaft of the 61..6 padder is in tront of the 802 pia te padder at the rear.
a tap on Ll facilitates a convenient
for tuned and loaded-circuit conditions. Load- keying circuit for the oscillator.
The unit is designed to give output in two
ing of the output amplifier should not be
either the 1.75- and the 3.5-Mc. bands
carried beyond the point giving normal tube bands
life. Those indicated at (a) are typical when a or the 3.5- and the 7-Mc. bands depending
single tuhe is operating in the output stage, upon the choice of the constructor. The gridwhile those indicated at (b) are for two tubes in circuit inductance of the oscillator and the
plate-circuit inductance of the 6L6 are perthe final.
manently mounted and only the plate coil of
Oscillator
the 802 needs changing for operating as a
Plate-cathode voltage (a) 125-140 (h) 175-250
Screen-cathode voltage (al 75-90 (h) 1O(}"'140
straight amplifier or as a doubler. For 1.75Cathode current (a) 15-25 rna. (h) 3(}...45 mao
and 3.5-Mc. output, the oscillator operates at
875 kc., the 6L6 at 1.75 Mc. and the 802 at
Output Stalle
either 1.75 or 3.5 Me. For 3.5 and 7-Mc. outPlate-cathode voltage (a) 450 (b) 450
put the oscillator operates at 1.75 Mc., the
Screen.cathode voltage (a) 360...375 (b) 30(}"'325
Cathode current (a) 95-120 rna. (h) 16(}...200 rna.
6L6 at 3.5 Mc. and 802 at either 3.5 or 7 Mc.
Grid current (a) 1-1.5 rna. (h) 1.5-2.5 rna. per tube
The tuning range is adjusted so that the
1. 75- and 3.5-Mc. bands are spread over about
• AN E.C.O. EXCITER UNIT
90 per cent of the dial scale. At 7 Mc. only the
In discussing self-controlled oscillators in lower-frequency portion of the range is useful.
Chap. 5, the importanee of care in design and However, no difficulty should be experienced
construction was stressed. In the unit shown in setting quickly within audibility of a chosen
in Figs. 1010 and 1012 the various factors frequency - even at the 28-Mc. harmonic.
which contribute toward instability have been C4 is provided as a handy means of setting the
taken into consideration. The 6F6 was chosen frequency to zero beat or for making small
for the oscillator tube since it is remarkably frequency changes.
Although zero temperature-coefficient confree from "microphonics" or changes in frequency caused by mechanical jarring. It is densers are specified for the oscillator padding
followed by a 6L6 frequency doubler to pro- capacity, (Cl and C2), an ordinary 500-.u.ufd.

144

CHAPTER TEN

Transmitter Constru£tion
mica condenser, or one of the silvered type,
may be substituted if maximum reduction in
frequency drift is not considered important.
Since the tubes are mounted on top of the unit
and all voltage-dropping resistor networks are
external to the unit, the variation in temperature inside the box is reduced substantially to
that of the operating room.
The switch in the keying circuit has three
positions. In the first position. the oscillator
and 6L6 stages operate through the key to
produce a monitoring signal for setting frequency. In the second position, both oscillator
and output stages are keyed for break-in operation. For those who prefer buffer keying, the
third position switches the oscillator to continuous operation, while the 802 alone is keyed.
It may also be well to mention that the unusually large value of plate blocking capacity
for G19 is required in this instance to detune a
parasitic circuit set up by the d. chokes in the
6L6 grid and plate circuits. The r.f. choke in
the cathode circuit of the 802 eliminated a
trace of r.£. in the keying leads.
6F6

Construction

The unit is constructed with a steel utility
box 5/1 by 6" by 9/1 as the chassis. Both top
and bottom plates of this box are removable
which facilitates construction, since all but a
few components are mounted on the top plate.
The three condensers of the tuning gang are
first coupled together and set in place with the
shaft running along the center of the plate and
the shaft of the first condenser (G a) protruding
far enough in front for the dial. The tube sockets are then placed in the positions shown in
the photographs, the sockets for the 6F6 and
802 on one side and the 6L6 on the other side
opposite the 6F6. The coil forms and the 6L6
padder, G7, are then placed, spacing the coil
forms a half-inch or so from the plate with
spacers. The plate-circuit components for the
802 are then arranged on top of the base so
that their mounting screws will not interfere
with the components placed below. The platecircuit r.£. choke and blocking condenser,
G12, are behind the 802 with a National feedRK23

6L6

802

fJ:...
~
POW,R
INPUT
MALE
PLUG

Fig. 1011
Circuit diagram of the e.c.o. exciter.
C2 - 250-p.p.fd. fixed, zero ..temp. coefficient for turn over ground end of LI, same direction.
(Centralab 816Z).
1.75 Mc.
9 turns No. 22 d.s.c., wound turn for
Ca - 200-p.p.fd. midget variable (Hammarlund
turn over ground end of L" same direction.
MC200M).
La-I.75 Me.-85 turns No. 30 d.s.e., close.wound,
C. - 15'p."fd. midget variable (Hamptarlund HF15X).
tapped at 22 turns from plate end.
C6, Co
50·""fd. midget variable (Hammarlund
3.5 Me.-37 turns No. 24 d.s.e., close·wound,
MC50M).
tapped at 10 turns from plate end.
C7 - 50.""fd. midget variable (Hammarlund HF50).
L.-1.75 Mc.-60 turns, l;!4.in. diam., l"".in. long
Cs
50-""fd. midget variable (Hammarlund MC50S).
(National AR160E coil with 12 turns removed,
C., ClO -lOO-""fd. mica.
tapped at 12 turns from plate end) (105 "bya .•
CII
250-p."fd. mica.
tapped at 1/5 oftotal numberofturnsfrom plate
C12
O.OOI-"fd. mica.
end).
Cia, C14, CIS, CIS, Cl7, CIS, C19, Cw, C2!, C.2 -O.OI-"fd.
3.5 Me.
32 turns, Hi·in. diam., "".in. long,
paper.
tapped at 11 turns from plate end (National
J - Single open-cireuit jack.
AR80E coil with 24 turn. removed. tapped at
Rl - 0.1 meg., ,J1.watt.
11 turns from plate end) (26 "hys., tapped at
R2 - 0.1 meg., ,J1.watt.
Il/32 of total number of turns from plate end).
Ra - 400 obms, I.watt.
7-Mc. -I9tuma, 13i.in. diam.,l.in.long, tapped
R. - 50,000 ohms,. I.watt.
at 8 turns from plate end (National AR40E
R.F.C. - 2.5·mb. r.f. choke.
with 9 turns removed, tapped at 8 turns from
Sw
Two-cireuit, 3·position switch (Mallory 3223J).
plate end) (8.8 "hy•• , tapped at 8/19 total
LI
0.875 Me. - 60 turns No. 24 enam., close.wound.
number of turns from plate end).
1.7S Me. - 26 turns No. 22 d.s.c., %.in.long.
Note: Lt, L2 and La wound on Millen I-in. diam.
L2
0.875 Me. - 20 turns No. 24 enam., wound turn
form .. no pins.
CI,
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through point for bringing the high-voltage
lead up through the base to the bottom end of
the choke.
Small components are then placed in the
nearest available remaining open spaces. The
National RIOOU r.f. chokes are convenient
for mounting in restricted space. The one
fastened on one of the mounting screws of the
6F6 socket is the one in the 6F6 cathode lead
to the key, while the one to the side of the
socket is the plate-circuit choke. The 6L6
plate-circuit choke is next to the 6L6 plate coil
and the one fastened to the 802 socket-mounting screw is in the 802 grid circuit. The horizontally mounted choke is in the 802 cathode
circuit and the end toward the key switch is
fastened to a small insulated lug strip, the
other end being connected directly to the
cathode terminal of the socket.
The two fixed condensers, Cl and C2, which
look like resistors, are supported by their leads
connected across the terminals of Ca. They are
braced against vibration by binding together at
each end with rubber bands. A stiff wire soldered to the lead between the rotor of C3 and
the top of Ll is fastened to the ends of the condensers with Duco cement to provide further

Fig. 1012 - Bottom view with bottom plate removed
showing arrangement of components under the chassis.
The removahle top and bottom plates make the aIsembly easy. Shielded single condnctor is 0800 for the
key -cireuit lead••
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bracing. CQ is supported by its leads between
the stator terminal of C3 and the 6F6 grid terminal at the socket. Clo is also supported by
its leads between the top of the oscillator platecircuit choke and the grid terminal of the 6L6.
Similarly, Cll is suspended between the stator
terminal of 0 7 and the grid terminal of the 802
socket, passing underneath the condenser shaft
but spaced from the chassis. By-pass condensers are tucked in wherever space may be
found near the terminal to be by-passed.
The high-potential d. wiring may be done
with a few short lengths of No. 14 wire. All
power wiring is done with push-back wire laid
close to the chassis and cabled along one side
to the nine-pin male power-input plug mounted
on the rear wall of the box. Power leads for the
802 suppressor, screen and plate may be
brought up to the power-input plug but should
not be soldered to the plug until preceding
stages have been tested.
A standard steel panel, 7 by 8 inches is fastened to the front end of the box. C4 and the
key-circuit switch are mounted in the lower
corners. The key jack is mounted on the side
of the box. Shielded single-conductor wire
should be used for all key-circuit wiring from
the r.f. chokes to the key jack and should also
be used for the external wiring from the plug
to the key to prevent r.f. pick-up. The outside
shield is used for the grounded side of the circuit. Wiring to the key switch and jack and to
the power-input plug may be done before the
unit is placed in the box, so that only the single
connection between the stator of the vernier,
C4, and the top of Ll need be made after the
top is fastened in place. After the top has been
screwed down, an inspection of the edges
should be made to make sure that it is secure
at all points. Any gaps between the top and the
box should be closed up with extra screws at
the proper points.
A small metal scale is fastened to the
mounting collar of Os and a small pointer knob
provided so that this condenser may be returned immediately to the proper setting for
each of the two output bands. The shaft of 07
is turned with a small screwdriver and, once
adjusted, needs no further attention for operation in either band. Output is taken directly
from the link terminals on the plug-in base of
L •.
TuninA
If dimensions have been closely followed, no
adjustment of the tracking taps on La and L4
iihould be required. The procedure for adjusting for 3.5- and 7-Mc. output will be described
in detail. Adjustment for 1.75- and 3.5-Mc.
output with the coils for these bands is carried
out in a similar manner. With the key switch
thrown in the last position, placing the 6F6

Transmitter Construction
and the 6L6 only in operation, the
plate voltage may be applied with the
key open. This should produce a continuous signal from the first two stages
by which the tuning range of the oscillator may be checked with a receiver. Care should be exercised in
distinguishing the signal from its
image on a superhet or from blocking
on any type receiver with a large receiving antenna. If the range of 3500
to 4000 kc. is not covered, it will be
necessary to remove a turn from Ll if
4000 kc. is not reached, or to add a
turn if 3500 kc. is not reached. Plate
current to the 6F6 should run at approximately 9 rna. with a plate voltage of 300 and screen voltage of 150.
The next step is that of trimming
up the plate circuit of the 6L6. This
is done with all voltages (except
heater) removed from the 802 and
with a low-range milliammeter in the
external grid return lead to ground.
With the oscillator set at or about
4000 kc., the key switch is set at the
Fig. 1013 - Top view of power supply with ::over removed. ~II
third position and the key closed. Ad- high-voltage points are unexposed. The VR150 s are to the left \D
hack
of the voltage-divider resistances which are mounted on top
justing the 61,6 plate circuit to resonance by turning C7 with a screw- for ventilation.
driver should produce a reading of
Power Supply
about 4 rna. on the grid-current meter. The
oscillator should then be tuned to 3500 kc.
A proper power supply is of utmost imporand, after noting carefully the setting of C7, tance if chirpy keying and changes in freit should again be adjusted for maximum quency with changes in line voltage are to be
grid current. If readjustment of C7 at 3500 avoided. The power-supply unit pictured in
kc. produces an increase of grid current of Figs. 1013 and 1015 has been designed particumore than 1 rna., the tap on L3 will have to be larly for use with the e.c.o. exciter. Referring
readjusted. It should be moved a turn toward to the circuit diagram of Fig. 1014, the VR150
the plate end of the coil if an increase in the regulator tubes provide constant voltages of
capacity of C7 is necessary to restore resonance; 300 for the plates of the 6F6 and 6L6 and 150
or a turn in the opposite direction if a decrease for the screens of these two tubes. Close reguin the capacity of C7 is required. At resonance, lation of the voltages applied to the 802 is not
plate current to the 6L6 will run approximately required. Screen and suppreSsor voltages of
15 rna. at plate and screen voltages of 300 and approximately 250 and 100 respectively are ob150, respectively. This stage is not keyed and tained from the voltage-divider resistance H2.
runs continuously, there being but slight dif- Precaution against the pick-up of r.r. through
ference in the plate current whether the key is the supply line or power supply itself or leads
closed or open.
to the d. unit has been taken by the use of
Lining up of the 802 stage is done in a sim- an d. filter in the input line, a shielding cover
ilar manner with all voltages applied to the 802 and a shielded 8-wire cable between powerand a load of some sort coupled to the output supply and r.f. units. A milliammeter and
link. Resonance here is indicated by the cus- switch are provided for checking the various
tomary dip in plate current. When the circuit currents and signal lamps and switches for the
is tracking, there should be but very slight difference in the setting of C8 for resonance over filament- and plate-supply circuits. The shield
the entire band. After the tracking for 3.5 Me. of the cable, connected to pin No.1, is used for
has been adjusted, the 7-Mc. coil may be the ground, negative high-voltage and one side
plugged in the output circuit. In this case, the of the filament circuit. The cable plugs into a
circuit need track only between 7300 and 7000 9-prong Amphenol female outlet set in one end
kc., of course. With proper coupling, the plate of the chassis. Since the power-supply has a
current at resonance may be run up to the rating of 250 rna. and the total current drawn
by the e.c.o. unit will be somewhere between
rated 60 rna.
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and to 240 rna. for measuring the current in the lead to the external circuit.
These two shunts are wound on a short
length of fibre rod }i-in. in diameter
with copper wire, following the procedure outlined in Chapter 17.
At some sacrifice in voltage regulation of the supply to the 802 and 108s
of independent control of filament and
plate voltages, a suitable supply may
be built at a lower cost. Tl and T2
may be replaced by a single combination transformer delivering 600 volts
a.c. each side of center, 200 rna. for
the high-voltage winding and having
6.3-volt, 3-amp. and 5-volt 3-amp.
windings for the filaments. A suitable
transformer is the UTC-S41. The filter
Fig. 1015 - Bottom view of power supply showing line·filter and chokE's may be replaced by a pair rated
hash.filter chokes and the meter switching. The terminal at the at 120 rna., such as the Thordarson
rear of the chassis is for external connection to the 6OO.volt line.
T53C19, and the 866 Jr. half-wave
rectifiers by a single type 83 full100 and 125 rna. at full load, another stage re- wave rectifier. Condenser input will be requiring 100 to 150 rna. at 600 volts may be quired and a double-unit 8-llfd., 450-volt elecoperated from this supply, and an external trolytic condenser with the sections connected
terminal for this purpose has been provided in series may be used. Ca and C4 may be reat the rear of the chassis.
placed with 600-volt 8-llfd. electrolytics. The
The resistors Ra, R 4• R6. Ra and R7 are shunts chassis cover may in many cases be eliminated
for the 3D-rna. meter. R~ and R7 are multiply- if the power supply is kept well removed from
ing resi~tors to increase the range of the meter d. fields. The hash-filter chokes may be disto 90 rna. for measuring the 802 plate current pensed with if no interference from rectifier
.------------{)+600

[)

R, -7500 ohms, 25.watt.

R. - 20,000 ohms, Ioo.watt. 2 sliders. One

Fig. 1014 - Circuit diagram of the power supply for
the e.o.o. unit.
C), Cz -- O.l·"fd.
double-unit, 4OO-volt paper oondenser.
Ca, C. - 4,."fd., IooO-volt filter condensers.
L" L. - Line filter chokes (Ohmite Z-20, double unit).
La, L! - Hash filter chokes (Millen 77866).
L5 - 5/25 hys., 225-ma. swinging filter choke (UTC.
S32).
L6 - 20.hys., 225-ma. smoothing filter choke (UTCS31).
MA - D.C. milliameter, scale 0 - 30 mao (Triplett
type 326).
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slider set at 6000 ohms between sup·
pressor tap and ground. other set at
12,000 ohms hetween screen tap and
ground.
Ra - 50 ohms, 72-watt.
fu. fu - 50 ohms, I-watt.
R6 - Multiplying resistor wound with No. 28 copper
wire to give scale multiplication of 3.
R7
Multiplying resistor wound with No. 26 copper
wire to give scale multiplication of 8.
S" S2 -llO-volt signal lamps.
SW" SW,
S.p.d.t. toggle switches.
SWa - Two.gang, 5-contact switch (Mallory I326L).
Tl - Plate transformer, 600 volts d.c., 250-ma. (UTC-

S45).

T2 - Filament transformer, 6.3 volts, 5 amp., 5 volts,
6 amp. (UTC-S67).

Transmitter Constrnction
hash is experienced, although they are good
insurance against roughening of the oscillator
signal from this source.
Should the full output from the 802 not be
required, a power supply of considerably lower
voltage might be used. If a voltage lower than
300 is used, the voltage regulator tube between
the screen tap and ground should be changed to
a VR75. (Bib.i.)
• TWO-TUBE PLUG-IN COIL EXCITER
In the two-tube exciter or low-power transmitter shown in the photographs of Figs. 1016,
1017 and 1019, a 6L6 oscillator is used to drive
an 807 as an amplifier-doubler. As shown in the
diagram of Fig. 1018, a Tri-tet circuit, which
is used to obtain harmonic output, is reduced
to the simple tetrode circuit for oscillator output at the crystal fundamental by short-circuiting the cathode tank circuit. Sufficient
oscillator output at the fourth harmonic of the
crystal frequency is obtainable to drive the 807,
which may be operated as either a straight
amplifier or frequency doubler, making it
possible to obtain an output of 25 to 50 watts
or more in four bands from a single crystal of
properly-chosen frequency.
The exciter is constructed in a manner
which conserves vertical panel space and which
renders the coils and tubes readily accessible
for change. The crystal socket is at the front so
that frequencies within a band may be changed
without the necessity for going to the rear.
The entire unit is designed to operate from a
single 250-ma. supply delivering up to 750
volts (see Fig. 1110), the maximum voltage at
which the 807 is designed to operate. A fixed
bias of 45 volts is required for the 807 and the
two heaters together consume 1.8 amperes at
6.3 volts. In the keying system shown, both
the oscillator and amplifier are keyed simultaneously in the common cathode lead. If pre-

Fig. 1016 - The two.tube plug.in coil exciter is built
to conserve space in the relay rack. The panel is 3J1 in.
by 19 in. A clearance hole is cut in the left end of the
panel for the crystal socket which is mounted in the

chassis directly above the cathode-circuit switch. The
left.hand dial controls the tuning of the oscillator plate

ferred, the fixed bias on the 807 may be increased to 90 volts and the oscillator circuit
keyed alone, the grid leak being omitted in
this case. A single milliammeter with a scale of
200 rna. may be switched to read the plate current of either stage.
TuninA
Since the 807 requires no neutralizing, tuning
the exciter consists chiefly of selecting the
proper coils and tuning the two plate circuits
to resonance. Because it is possible to double or
quadruple frequency in the plate circuit of the
oscillator and to double frequency in the plate
circuit of the 807 as well, there are several possible combinations of coils and crystals which
will produce the same output frequency. However, much better effiCiencies are obtainable
when operating the 807 as a straight amplifier,
rather than doubling, so that it is always advisable to operate the output stage in this
manner whenever possible. This possibility
occurs in all cases except where it is necessary
to obtain output at the eighth harmonic of the
crystal frequency
l4-Mc. output from a
1.75-Mc. crystal or 28-Mc. output from a 3.5Me. crystal. The accompanying chart will
enable the operator to choose at a glance the
combination required for the desired output
from a given crystal. It also indicates the position in which SWI should be thrown. Always
be sure that the crystal frequency chosen is
one whose harmonics will fall in the band in
which operation is to take place.
With the proper coils and crystal in place,
SW 1 thrown to the correct position and both
condensers set at minimum capacity (100
divisions on dial), the high-voltage should be
applied with the meter switch in the second
position where it will read plate current to the
807. If all resistances are correct and the plate
voltage 750, the plate current should run ap-

tank circuit, while the one to the right is the control for
the output tank circuit. The switch at the right-hand
end is for the 200.ma. meter. The outer ceramic buttons
used in providing insulating mountings for the tank
condensers are the only things appearing on top of the
chassis.
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COIL AND TUNING TABLE FOR TWO-TUBE PLUG-IN COli. EXCITER

$

Xtal
Band
Me.

Output
Band
Me.

1.75
1.75
3.5
1.75
3.5
7
1.75
3.5
7
3.5
7

1.75
3.5
3.5
7
7
7
14
14
14
28
28

SW,

LI
Band
Me.

CIL2
Bond
Mo.

C.L.
Band
Mo.

Cloed
Open
Closed
Open
Open
Closed
Open
Open
Open
Open
Open

1.75
1.75
3.5
1.75
3.5
7
1.75
3.5
7
3.5
7

1.75
3.5
3.5
7
7
7
7
14
14
14

1.75
3.5
3.5
7
7
7
14
14
14
28

28

28

Cl$

C2$

10
10
10
20
20
20
20
35
35
35
75

10
30
30
50
50
50
70
70
70
80
80

Approx ••etting.Cor low-frequency end. of band. with dial reading zero at full capacity of ~")Ddenoer.

proximately 25 mo.. Now close the key and turn
the oscillator tank condenser to the approximate setting given in the accompanying table
and watch for a rise in amplifier plate current.
When this occurs, tune the oscillator for maximum amplifier plate current. Do not hold the
key closed for long periods under this condition. AB soon as the peak has been obtained,
tune the amplifier plate tank condenser for
resonance as indicated by a pronounced dip in
plate current. Should the points of response on
either condenser be found at points on the
scale differing appreciably from those given in
the table. each circuit should be checked with
an absorption wavemeter to make sure that
it is tuned to the correct frequency, since the
ranges covered by some of the coils include odd
harmonics which result in responses outside
the amateur bands. Once checked, the dial
settings can be logged for quick resetting to the
desired frequency.

Witb the amplifier tuned, the meter switch
may now be thrown to the first position, where
the meter reads oscillator plate current, and
the oscillator tank circuit tuned for minimum
plate current consistent with satisfactory keying. Active crystals will usually oscillate continuously in the Tri-tet circuit, regardless of
the setting of the tank condenser. When the
tetrode circuit is in use, however, the circuit
will oscillate only so long as the plate circuit is
tuned within relatively narrow limits. SW 1
should never be left open when the oscillator
plate circuit is tuned to the crystal frequency.
The plate current to the oscillator will be found
to vary widely in value, depending upon
whether output is taken at the fundamental,
second harmonic or fourth harmonic. At the
specified plate voltage, it should run between
40 and 50 mo.. at resonance with the plate circuit tuned to the crystal fundamental or second
harmonic. When tuned to the fourth harmonic,

Fig. 1017 - The 4-prong socket for the cathode coil,
the octal for the 6L6 oscillator and the 5-prong socket
for the Coto coils used in the output tank circuit are
8ub.mounted in the rear edge of tbe chassis. The mounting for the National AR coils used in the oscillator plate
circuif is fastened on short cone insulator.., while tbe
socket for the 807 iasub.mounted in the small steel parti.
tion. The grid r.f. choke and screen and cathode by.pass

condensers are fastened directly to the socket. Large
clearance holes lined with grommets are provided for
passing the connections through the chassis from the
oscillator plate coil to the tank eondenser and for the 807
plate lead. A pair of pin jacks serves as tbe link output
terminals and power-supply connections are made to the
Millen strip at the right end_
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Transmitter Construction
the plate current will normally run between 85
and 95 mil..
Because the plate and screen of the 6L6 are
operated from a voltage divider, their voltages will vary considerably with conditions of
tuning. Plate voltage will vary between 400
and 450 except when operating at the fourth
harmonic when it will normally fall to 340
volts or so. The screen voltage varies simultaneously from 280 to 210 volts or so.
The tank coils for the output circuit are
fitted with link windings for coupling to a
following stage with link input, to a lowimpedance transmission line feeding an antenna or to an antenna coupler. In most cases,
the maximum rated dissipation of 30 watts
will not be exceeded in loading the output
circuit until the 807 draws the maximum

rated plate current of 100 mil.. However, when
doubling frequency in the output stage, the
plate curreat should be limited to 70 rna. at 28
Mc. and 80 rna. at 14 Mc. and to 90 rna. when
operating the 807 as a straight amplifier at 28
Mc. Power output under these conditions
should average 40 to 55 watts on all bands
so long as the 807 is operated as a straight
amplifier. When doubling frequency in the
output circuit to 14 and 28 Mc., the output
will normally be reduced to about 27 and 18
watts respectively.
Amplifier screen voltage will normally vary
between 240 and 300 volts, the higher values
obtaining when quadrupling in the oscillator.
If the exciter is operated from a power supply of lower voltage, the power output will, of
course, be reduced in proportion. In such a

ABC
K

+C

-H.V.
H

G

-45-': H +H.V.

0

Sw!Ul

Fig. 1018 - Circuit diagram of the two·tube plug.in coil exciter.
140'l'l'fd. midget variable (Hammarlund MC.
7.Mc. crystals
6711 turns No. 22 d.s.e., ~.in.
140M}.
lon«.
Ca
lS0'l'l'fd. variable (Cardwell MRI50BS).
Above coUe wound on Hammarlund 1711·in. diam.
Ca - loo'l'l'fd. mica.
4.pin forms.
C.
20'l'l'fd. mica.
L: -1.75 Me.
56 turns, IM·in. diam., l~.in. long,
Ct.. CG, Cr, C8, Co, CIO - O.Ol-"fd., 600-volt paper.
54 phye. (National AR80-no link).
Cu - O.01'llfd., loo0·voIt paper.
3.5 Me.
28 turns, IM·in. diam .• 1711·in. long,
C. - 100'I'~d. mica (see text).
15l'hys. (National AR40.no link).
MA
Milliammeter, 0·200·ma. scale (Triplett Mod.
7.Mc. -14 turns, IM·in. diam., IM·in.long, 4.2
227A).
I'hye. (National AR20 - no link).
Rl - 20,000 ohms, l.watt.
14 Me.
8 turns, IM.in. diam •• l~.in. long,
Ra
2S,OOO ohms. 2.watt.
1.25I'hys. (National ARlO - no link).
Ra
200 ohms. 2.watt.
28 Me. - 4 turns, 1M .in. diam.• ~.in. long, 0.5
R.
10,000 ohms, 25.watt.
phy. (National ARlO, 4 turns removed - no
Ra
3500 ohms, 25·watt.
link).
R., Rr - 15,000 ohms, 25.watt.
Ls -1.75 Me. - 50 turns 1711-in. diam., 2J1j.in. long,
Rs, Ro
1250 ohms, 50·watt.
52 phye. (Coto Coil CS6160E).
RIO, Ru - 10 ohms, l·watt.
3.5 Me. -25 turns, l~.in. diam., 1%.in. long,
R.f.c.
2.5-mh. r.f. choke.
16 phys. (Coto Coil CS680E).
SWI
S.p.•. t. toggle .witch.
7 Me.
16 turns, 1711.in. diam., lYs.in. long,
SW, - D.p.d.t. rotary switch (Mallory 3222]).
5.7 "hye. (Coto Coil CS640E).
Ll -1.75-Mc. crystal. -32 turn. No. 22 d.s.c., c1osewound.
14 Me. - 8 turns, l~·in. diam •• l%.in. long, 1.5
S.S.Me. crystal. - 10 turns No. 22 d.s.c., 1.in.
phy•• (Coto Coil CS620E).
long. Note: C. connected in parallel with this
28 Me. - 4 turns, 1711·in. diam., 1711·in. long, 0.7
eoil; mounted in form.
phy.. (Coto Coil CS610E).

Cl
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Fig.1019-Spacc inside the 4.
in. by 17.in. by 3·in. cbassis has
been utilized to the greatest
extent possible. Rs and R9 are
to the right of the oscillator
tank condenser, while R., Rs,
R6 and R7 are mounted to the rear
of the meter. The oscillator r.t.
choke and grid leak are fastened
to the crystal socket. Connections
between the crystal socket and
cathode switch are made directly
and kept well.spaced. Metershunting resistances are fastened
to the meter switch. Both tank.
condenser shafts mnst be fitted
with insulated couplings and
panel bearings.

case, it may be of advantage to alter somewhat
the values of resistance specified for the voltage
dividers in order to increase the voltages on
the oscillator plate and screen and also that of
the screen of the 807. With a 600-volt supply,
Rs and Rg should be changed to 1000 ohms
each and R4 to 20,000 ohms and R6 to 10,000
ohms. Power output will average 30 to 35
watts with the 807 operating as a. straight
amplifier. (Bib. fl.)

plug-in coil assembly changes tank coils in the
807 plate circuit. The circuit diagram is given
in Fig. 1022.
The oscillator, first and second doubler plate
coils, L1, L2 and L3 respectively, need not be
changed for crystals ground for a given band.
The switching circuit is so arranged that the
grids of unused stages are automatically disconnected from the preceding stage and
grounded so that excitation is not applied to
the idle tubes .
• A BAND·SWITCHING EXCITER WITH
Capacity coupling between stages is used
807 OUTPUT
throughout. The plates of the first three stages
The exciter or low-power transmitter pic- are parallel-fed 80 that the plate tuning contured in Figs. 1020, 1021 and 1023 is designed densers can be mounted directly on the metal
for flexibility in being adaptable to all bands chassis. The 6C5, 6N7 and the 807 screen all
from 1.75 to 28 Mc., with crystals cut for dif- operate from a 250-volt supply. Series feed is
ferent bands, and also for quick band changing used in the 807 plate circuit, the tank conover three bands. It consists of a 6C5 triode denser being of the type which is insulated
oscillator followed by two triode doubler from the chassis. Fixed bias of about 50 volts
stages in one tube, a 6N7; by means of a is used on the 807 grid.
switch, the output of any of the three stages
Sockets are provided for seven crystals,
can be connected to the grid of the final tube, with a switch to select the desired frequency.
an 807 beam tetrode. A band-switching Plate currents for all tubes and screen current
for the 807 are read by a 200rna. meter which can be switched
to an.y circuit by means of 8 4•
Keying is in the oscillator
cathode circuit for break-in operation. Since in normal operation the crystal tank circuit,
GILl, is tuned well on the highfrequency side of resonance,
there is a tendency for the first
doubler section to break into a
tuned-grid tuned-plate type of
oscillation when the key is up;
this is prevented by a small
amount of inductive neutralization provided by the singleturn coils L6 and L 6 , wound as
closely as possible to the ground
Fig. 1020 - An 807 exciter or low.power transmitter combining the
Oexibility of plug.in coils with the convenience of band.switching. Crystal end of each tank coil. The 28Mc. coil does not need such a
switching and meter switching also are provided.
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Transmitter Construction
neutralizing winding since it is used
only in the second doubler stage.
L5 and L6 should be connected in
such a way as to prevent selfoscillation of the first 6N7 section
when the key is open; the proper
connections can be determined by
trial.
The above-chassis layout is
shown in top-view photograph,
Fig. 1021. Along the back, from
left to right, are the spare crystal
socket, the 6C5 and the 6N7. Directly in front of them are the
sockets for the three low-level
Fig. 1021 - Top view of the hand-switching exciter, with coils replate coils, L1> L2 and L3. The moved. All tank circuit wiring is ahove the chassis. Insulated leads
sockets are mounted above the connect the first two sockets to complete the neutralizing circuit dechassis on metal pillars. The three scrihed in the tcxt.
tuning condensers, CI , C2 and Ca,
are mounted in front of their associated coils, of the panel so that the coils will clear the
and are fastened directly to the chassis. The sides of the relay rack or cabinet; this clearance
"hot" leads from the coils come down through will depend upon the type of rack used. It is
grommetted holes in the chassis, underneath desirable, of course, to keep the leads between
the sockets; grounds to the coils are made C4 and the switch as short as possible, considdirect to the chassis, on top.
ering the clearances which must be observed.
In the amplifier section, the switch assembly
The chassis is 8 by 17 by 2 inches, the 2is at the extreme right, with the 807 and tun- inch depth being used so that the height of the
ing condenser, C(, just to its left. The switch unit will be within the 8 %:-inch relay-rack
assembly shOUld be mounted far enough back panel size.

B.

A.

In6.3V

-50

+750

OUTPuT

Fig. 1022 - Circuit diagram of the 807 hand-switching exciter.
CI, C2. Ca - 100-""fd. variahle (National 5T -100).
LI, Lz, La -1.75 Me.: 50 tnrns No. 22 d.s.e. close-wound.
C. -150-""fd. variahle, 0.05" spacing (Hammarlund
3.5 Me.: 26 turns No. 18; length Uil inches.
HFB-150-C).
7 Me.: 17 tnrns No. 18; length 1~ inches.
C~, Ce, C7 - 0.002-"fd. mica, 500-volt.
14 Me.: 8 turns No. 18; length 1~ inches.
CR, Co, CIO -100-""fd. mica, 500-volt.
28 Me.: 3 turns No. 18; length I inch.
Cll - 0.002-;.fd. mica, 2500-volt_
All on l~-inch diameter forms (Hammarlund
CI2-G17, inc. -O.Ol-"fd_ paper, 600-volt.
SWF.4); turns spaced evenly to fill specified
Rl - 10,000 ohm •• ~.watt.
winding length.
R2
300 ohms, l·watt.
L. -1.75 Me. - 50 turns, lYz-in_ diam., 2%-in. long,
Ra, R. - 25,000 ohms, ~.watt.
52 "hy•. (COlO Coil CI6160E).
3.5 Me. - 25 turns, 1~-in. diam., 1%-in.long, 16
Rs-Ro, inc. - 25 ohms, H·watt.
RFC -2.5-mb. r.f. choke.
"hys. (Coto Coil CI680E).
SI - Ceramic wafer switch, 6 Or more point..
7 Me.
16 turns, 1Yz-in. diam., lYs-in. long, 5.7
S2 - Three-gang, three-position ceramic wafer switch
"hya. (Coto Coil CI640E).
(Yaxley 163C).
14 Me. - 8 turns, 1M-in. diam., 1%-in. long, 1.5
S3 - Band.switch with coil mountings (COlO type 700).
"hy•. (COlO Coil CI620E).
s. - Two-gang, 6,poBition (5 need) ceramic wafer
28 Me.
4. turns, IM·in. diam., 1M-in. long, 0.7
switch.
"hy•. (Coto Coil CI610E).
Ls. 1,6
One turn at hottom of Ll and 14_ See text.
M - 0·200 d.c. milliammeter, hakelite case.
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Preliminary tuning
should be done with
the plate voltage for
the 807 disconnected.
Set 82 80 that all tubes
are in use. Switch the
milliammeter to the
oscillator circuit and
close the key. Rotate
C 1 for the dip in plate
current which indi~
cates oscillation. The
non~scillating
plate
current should be be~
tween 20 and 25 rna.,
dropping to 15 or
20 when oscillating.
Fig. 1023 - Bottom view of the band-switching exciter, showing the multiple Switch the meter to
crystal mounting and 8witching circuits.
the doubler plate and
adjust C 2 to minimum
In the bottom view, Fig. 1023, the meter plate current, or resonance. The off~reso
switch with its shunting resistors is at the left, nance plate current should be about 30 rna.
with the 807 plate by~pass condenser, Cll, just or more and the reading should be between
above it. The stage switch, 82, is in the center. 10 and 15 at resonance. Check the second
R.i. leads to this switch should be kept sep- doubler plate current and tuning similarly;
arated as much as the layout will permit. the off~resonance plate current should again
R.f. junction points are insulated by small be around 30 rna., dropping to 15 or 20 at
ceramic pillars. In this view, the righ~hand resonance. At this point the 807 screen current
section of the 6N7 is the first doubler. The should be measured; with too much excitation
rotor contact of the section of 82 nearest the it will be considerably higher than the rated
panel goes to the grid of the first doubler, the value (about 12 rna.) and the excitation should
middle section to the second doubler grid, and not be kept on for more than a second or two.
the third section to the 807 grid.
Next, the plate voltage may be applied to
The multiple crystal mounting is a 3 by the 807. The amplifier should not be operated
4 ~~inch aluminum plate fitted with Am~ without load for more than a few moments at a
phenol crystal sockets, the assembly being time, because under these conditions the screen
mounted from the chassis by metal pillars. dissipation is excessive. Use a 70~ohm dummy
Six crystals may be mounted permanently antenna or 60 watt lamp connected to the
here; the seventh socket is on top of the chas~ output link. The three bands may be checked
sis for spare crystals or for bringing in excita~ in order by appropriate switching of 82 and
tion from an e.c.o. The crystal switch is in the 83. With the 807 fully loaded, check the screen
current to make sure it does not exceed 10 or
lower right corner.
The 750-volt lead is brought in through a 12 rna. If it is too high, reduce the excitation
Millen safety terminal on the rear edge of the by detuning the crystal oscillator until it
chassis. All other power connections come to reaches the proper value. The 807 grid current
a Millen five-terminal strip with barriers be- may be measured with a lower-range milliamtween terminals to prevent accidental contact. meter connected in series with the bias source,
All grounds are made directly to the chassis. if desired. Maximum output will be secured
with a grid current of about 3 or 4 milliTuninA
amperes, a value which also will give about
To operate the exciter, coils for consecu- rated screen current. The screen current, in
tively higher~frequency bands are plugged in fact, is a very good indicator of excitation.
at Llr L2 and Ls; only five are necessary for The 807 should show no tendency to oscillate
operation with any crystals from 1.75 to 7 by itself when the key is open.
The current to each section of the 6N7
Mc. and for output from 1.75 to 28 Me. For
example, with 3.5-Mc. crystals, the 3.5-, 7~ should be 20 rna. with the key open (no exciand 14~Mc. coils would be plugged in at Lt. tation). If the two currents are not the same or
show changes with tuning of C2 and C1 with
~ and La respectively. For 1.75~Mc. crystals,
the 1.75-, 3.5- and 7-Mc. coils would be used, key open, the first doubler may be acting as a
and so on. The plate coils for the 807 circuit t.p.t.g. oscillator as previously mentioned, and
shOUld cover the same three bands as the low~ the neutralizing circuit should be checked. Do
not use more than 250 volts for the low~voltage
level coils.
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Fig. 1024 - Tbe l00-175-watt trans·
mitter-exciter. Controls from left to right
are for the oscillator, doubler and 6nal
amplifier. The chassis is17 in. by 8 in. by
3 in. and the Presdwood panel 19 in. by
8% in. The controls are IJ-S in. above the
bottom of the panel and the two outer
controls 2 in. in from the edges of tbe
chlll!Si. or 3 in. from tbe panel edge•• Tbe
crystal-oscillator tuhe and plate coil are
to the left, the doubler plate coil to the
left of tbe 6L6 doubler and the changeover plug-in form at the rear.

supply, as higher values will cause excessive
807 screen dissipation. Care also should be
taken to avoid excessive excitation for the
same reason. In normal operation, with CI
detuned to reduce excitation to the proper
value, the doubler plate currents will show
little change between resonance and offresonance tuning.
With maximum input to the 807 plate (75
watts) the output is approximately 50 watts on
all bands except 28 Me., where greater circuit
losses decrease it to about 40 watts. The excitation is more than ample on all bands.
The low-voltage power supply should deliver 250 volts at approximately 75 Ina., and
the high-voltage supply 750 volts at 100 rna.
(See Fig. 1110.) A 45-volt battery may be
used to bias the 807.
• lOO·T()'175·WATT TRANSMITTER OR
EXCITER

The circuit of this unit is shown in Fig. 1026.
The tube line-up consists of a 6L6 tetrode
crystal oscillator, a 6L6 frequency doubler and
a final amplifier which, in this case, employs a
type HY51Z. The arrangement is suitable,
however, for almost any triode-amplifier tube

operating at plate voltages between 750 and
1000 volts in which the plate connection is at
the top of the tube and the grid terminal is in
the base.
Output at either the crystal frequency or the
second harmonic is readily obtainable. The
complication of neutralizing the second stage
when operating at the crystal frequency is
eliminated by cutting this stage out of use.
This is accomplished by means of a "dummy"
plug-in form which serves as a low-loss switch.
Capacities suitable for coupling the finalamplifier grid to the output of either the oscillator or the doubler are mounted inside the
"dummy" plug-in forms and connected as
shown in the insert in the circuit diagram.
Most of the constructional details will be
evident from an inspection of the photographs
of Figs. 1024 and 1025. The coils for the oscillator and frequency doubler are wound on
Hammarlund IJ1-inch diameter plug-in forms,
while those for the final amplifier are wound
on National XR-IOA ceramic forms which plug
into the XB-15 jack base mounted on the
chassis. All tank condensers are mounted un·
derneath the chassis. The final-amplifier tank
condenser C a is mounted by means of angle
Fig. 1025
Bottom view of
lOo-175·watt transmitter. Tbe
mica plate-circuit blocking condensers C. and C6 arc seen at tbe
rear of the two small tank con·
densers. The resistors at the left.
center are the two screen voltage
dividers. The nelltralizing condenser is in front of the HY51Z
socket and the plate-circuit r.f.
choke nex t to the tank condens.
er. Cr. is fastened to tbe front
end plate of the tank condenser.
The terminals are pin.jack type
moun led on small angles behind
the slot in the rear
of the
chassis. The positive
voltage
terminal is a special
type.
The final tank condenser is Htted
with an insulated flexible shaft
eOllpling and a bearing for the
shaft extension is set in the panel.
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brackets on four

~·inch

cone insulators which

Thll sock()t of the final-amplifier tube is set
about an inch below the surface of the chassis
on long machine screws to bring the plate
terminal down closer to the tank-coil terminal.
A pair of fibre lug strips supports the voltagedivider resistances for oscillator and doubler
screen voltages. Other resistances and chokes
are self-supported.
Connections between the final tank coil and
condenser are made through feed-through insulators set in the chassis. The neutralizir,g
condenser, which may be seen in front of the
final tube socket, is mounted on spacers. A

bring the shaft lYs inches above the lower edge
of the chassis and level with the shafts of the
other two tank condensers which are shaft-hole
mounted on the front edge of the chassis. The
shaft of C3 is fitted with an insulated flexible
coupling and a bearing is set in the front edge
of the chassis for the extension. Large clearance
holes are cut in the panel for the shaft bushing
of C3 and the mounting nuts of the other two
condensers. The dial plates are held in place by
cementing them to the panel with Duco cement.

"DUMMY

UNITS-TOP VIEw

~C1
~
A-OOUBLER OuT

A

~C8

6-00uBLER IN

LZ

xtal

Coo

y

40(}Y

EXTERNAL

GROUNO

Fig. 1026 - Cireuit diagram of 100· to 175.watt transmitter.
L1·L (Coils interchangeable).
C1-100 I'pfds. (National ST.I00.)
1.75 Me. - 60 turns No. 22 enam., lY2-in. diam., close
C2
100 I'l'fds. (National ST.100.)
wound.
Ca -180 I'l'fds. per section, 0.05.in. spacing (Cardwell
3.5 Me. - 30 turns No. 22 enam., lY2.in. diam.,lY2.in.
MO.180.BD.)
long.
C. - 0.001 pfd. mica, 600 v.
15 turns No. 22 enam., lY2.in. diam., l%.in.
7 Me.
Cs
500 I'pfds. mica, 600 v.
long.
C6 - 0.001 I'fd. mica. 600 v.
14 Me. - 8 turns No. 16 enam., lY2.in. diam., l%.in.
C7 - 50 I'l'fda. mica, 600 v.
long.
Cs - ISO I'pfds. mica. 600 v.
Me. - 3 turns No. 12 wire, 1Y2.in. diam., self.sup.
28
C9 - 0.002 /lfd. mica, 5000 v .. Cornell·Duhilicr.
porting mounted on email banana.type plugs.
ClO
Neutralizing condenser, 0.07.in. spacing, Card.
Adjust spacing to tune to resonance near mini.
well Trim.Air, ZT.15·AS.
mum of C••
CIl - O.Ol/lfd. paper, 600 v.
L3-1.75
Me. - 40 turns No. 18, 2Y2.in. diameter wound
Rl- 0.1 meg., I-watt.
on
bakelite tuhing form to fit mounting.
R2 - 400 ohms, l·watt.
3.5 Me. -30 turns No. 14, 2Y2·in. diam., 3Y2·in. long
Ra
0.1 meg., 1.watt.
wound on form to fit mounting.
R. - 2500 ohms, 1O.wa tt.
7 Me. -16 turns No. 14 bare, 2Y2.in. diam., 3·in. long
Rs - 50,000 ohms, 2.watt.
with 1.in. space at renter (National XR·IOA
R6 - 10,000 ohm., 10.watt.
form, start each half of winding one hole from
R7 - 6000 ohms. 10·watt.
end).
Rs - 50,000 ohms, 2.watt.
14 Me. -12 turns No. 14 bare, 2Y2.in. diam., 3Y2.in.
RFC1- National R.lOO r.f. chokes. 2.5 mho
long (National XR·IOA form, turns wound in
RFC2 - National R154U r.f. choke, 1 mho
alternate grooves).
Ml - Oscillator cathode milliammeter.
28 Me. - 6 turns No. 14 bare, 2Y2.in. diam., 3Y2-in.
M2 - Doubler cathode milliammeter.
long (National XR·10A form, turns wound
M3 - Final-amplifier grid milliammeter.
every 4th turn).
M. - Final'amplifier cathode milliammeter.
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clearance hole in the chassis permits the
shaft to protrude a half-inch or so above
the chassis so that it may be adjusted
with a screwdriver.
All terminals for external connections,
excepting that for the positive lOOO-volt
connection, are of the pin-jack type.
The strips are mounted on small angle
pieces behind a slot cut in the rear edge
of the chassis. Insulated pin jacks are
used to make connections and leave no
exposed metal contacts. Separate connections are provided for meter and key
connections as shown in the diagram.
When working at the crystal frequency,
the "dummy" unit with connections
shown in the detail of Fig. 1026 at A
should be plugged in; if operating at
twice the crystal frequency, the other
"dummy II unit will be used.
Fig. 1027 - Front panel view of the compact 250.watt
Two plate supplies are required, one transmitter
showing position of controls. The oscillator plate
delivering 400 volts, 150 rna. for the tuning control is helow the crystal switch in the lower left·hand
6L6's and the other for the final ampli- corner. The Presdwood panel i. 1072 in. high and of standard
fier. The HY51Z requires 1000 volts, 19·in. rack width.
175 rna. at maximum rated input. A
45-volt battery should be provided for fixed monic frequencies as well as the fundamental
bias for the doubler and final amplifier. frequency of the crystal. Referring to the cir"'ben the oscillator is driving the final am- cuit diagram of Fig 1029, a 6V6 Tri-tet oscillaplifier, the cathode current should dip to tor operating with 300 volts on the plate and
about 50 rna. at resonance; when driving the 150 on the screen furnishes adequate excitation
doubler, it should run in the neighborhood of for the 807 buffer-doubler. The final amplifier
30 rna. The doubler cathode current normally makes use of a 75T in this instance, although
runs between 65 and 100 rna. at resonance the layout is satisfactory for other tul;>es of
when driving the final, the higher currents oc- similar rating and terminal arrangement.
Parallel feed is used in the oscillator circuit to
curring at the higher frequencies.
Grid current to the final amplifier (HY51Z) permit grounding the tank condenser.
Instead of the usual air variable condenser
shOUld run between 30 and 40 rna. on all bands
except when operating at 28 Mc. with a 14-Mc. for the cathode tank condenser ell a mica
crystal when the grid current may fall to 25 trimmer-type condenser is mounted in each of
rna. with the amplifier loaded. These values the plug-in cathode coils Ll and thus this tunshould indicate sufficient excitation. The am- ing control is eliminated. To obtain a satisfacplifier may be loaded until the cathode current tory impedance match between the plate cirreaches 200 to 225 rna. at resonance. The dif- cuit of the 807 and the high-impedance grid
ference between cathode and grid currents circuit of the 75T, it is necessary to tap the
should not exceed 175 rna. Operating condi- plate of the 807 down on the tank coil. Should
tions for other tubes may be taken from the another type be used in the final amplifier, a
tube tables of Chapter 20.
different coupling adjustment may be required
The output circuit is designed for link for maximum excitation. An amplifier with a
coupling to an antenna tuner. Where the space low-impedance grid may require tapping the
is available, the link may be wound between amplifier grid down on the driver tank coil inthe turns of the tank-coil winding; other"ise, stead of the driver plate. Since a high-voltage
it may be wound self-supporting and placed connection is made to the rotors of the splitinside the coil form. The number of link turns stator condenser, a well insulated shaft coufor proper loading will depend upon the an- pling is required.
tenna system and must be determined exScreen voltage for the doubler is obtained
peri mentally.
from a separate voltage divider to reduce
fluctuations in oscillator plate voltage with
• COMPACT 2S0-WATT TRANSMITTER
tuning of the 807. In this stage, as well as in the
The photographs of Figs. 1027, 1028 and oscillator plate circuit, the tank condenser
1030 show various views of a multi-band trans- specified has a sufficient capacity range to permitter capable of handling 250 watts. Output mit covering two adjacent bands without coil
may be obtained at the second and fourth har- changing. This is a thoroughly practical and
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PIs. 10M - The Gnal plate
tank condenser of the 2S0.watt
transmitter is insulated from the
chassis by button.type feed.
through insulators at front and
rear. It should bt' placed as far to
the rear of the chassis as possible
with its shaft on a line 3 in. from
the edge of the chassis. Tbe tank.
coil strip is supported by small
stand-off insulators on a strip of
Presdwood fastened to tbe con·
denser frame. The neutralizin g
condenser is in front of tbe 7ST.
The mica condenser C8 is fastened
to the tank.condenser end plate
and the coupling condenser C1 i.
supported by a smallstand.off at
the rear of the buffer tank con·
denser. The latter is mounted on
~.in. conein.ulators "ith spacers
and brackets to bring the shaft up
level "ith that of the final tank
condenser. The buffer coil socket
is mounted on top of the con·
denser. The crystal switch is
mounted on the panel at the cen·
ter of the socket assembly.

convenient method of band-changing between
1.75 and 3.5 and between 3.5 and 7 Mc. The
LIC ratio becomes so low in covering 7 to 14
Mc. and 14 to 28 Mc., however, that high circUlating tank currents cause excessive coil
heating, except at very low power, unless unusually heavy coils are used. In this instance,
separate coils for 14 and 28 Mc. are recommended for the buffer-doubler stage.
The condenser spacing specified for C.
is conservatively adequate for 100 per cent
modulation at 1500 volts. The condenser provides adequate capacity for all bands including
the 1. 75-Mc. band. (If the Johnson coil designed for this band is used, a single-section
fixed air padding condenser connected directly
across the tank coil will be required. This padder
should have an air gap of 0.125 inch and a
capacity of 80 ""fd.; the Cardwell type
JD80-0S or a similar condenser should be satisfactory.) For a lowest frequency of 7 Mc., a
tank condenser of 100 ""fd. per section with
the spacing specified could be used. (Johnson
looED30.)
Series plate feed was found to be essential
in the final amplifier because no available r.f.
choke was found adequate at 28 Mc. If operation is to be confined to a highest frequency of
14 Me., there is no reason why parallel plate
feed may not be used and the tank condenser
mounted directly upon the chassis.
Keying and Metering
The diagrams of Fig. 1031 show the terminal
arrangement and connections for either oscillator or buffer-doubler keying. The latter is
recommended whenever break-in operation is
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not required. Keying of the buffer-doubler
eliminates the necessity for a source of fixed
bias for the 807 and invariably results in superior keying characteristics.
It will be noticed that the plate meters are
placed in the negative return leads for the purpose of reducing danger. These meters, of
course, read total space current which includes
grid and screen currents as well as plate current. The former are low enough to be of little
consequence in all but the final stage. Here the
grid current should be subtracted from the
plate-meter reading to obtain the true plate
current.
As mentioned previously, each of the cathode tank-coil forms is fitted with an adjustable
mica padder. The type of condenser specified
is a dual-range affair. For our purpose, the two
sections should be connected together. This is
done by connecting the two adjacent terminal
tabs together. Since it would be difficult to pass
both wires for the ends of the coil and connecting wires for the condenser through the same
pins in the coil form, a separate pair of pins is
used for each purpose and the appropriate
socket prongs connected together so that the
condenser is connected across the coil when it
is plugged into its socket. In mounting the condenser in the coil form, II. piece of fairly stiff
wire (the No. 22 with which the coils are wound
will do) about 6 inches long should be soldered
to each condenser terminal and the leads pulled
out straight and the insulation scraped off
from all but the last 2 inches or so nearest the
condenser. The leads may then be fished down
through the appropriate pins in the form,
pulled tight and soldered fast.

Transmitter Construction
inch and 1;{6 inches from each edge. This will
serve to mark the centers of all required
mounting and clearance holes for the Hammarlund crystal sockets. The mounting screws
take a No. 33 hole and the clearance holes are
~6-inch diameter. Mter the holes have been
drilled, the strip is bent at the >i-inch, 5~
inch, 9%-inch and 14>i-inch lines which are
scratched deeply to assist in the bending.

Crystal MountinA
The crystal mounting is made from a strip of
716-inch aluminum 3 inches wide and 15 inches
long. Starting at one end of the strip, lines are
marked across the strip at >i inch, 11 ~ 6 inches,
2% inches, 4;{6 inches, 5 ~ inches, 6716 inches,
7>i inches, 81 %6 inches, 9% inches and 14>i
inches from the end. Longitudinal Jines are then
drawn the length of the strip ~ inch, 2%2
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Fig. 1029
Circuit diagram of the 250.watt transmitter.
plate spacing 0.075 in.
ClO
O.Ol."fd. paper, 600 volts.
Cl - 260 ""fd •. max. mica trimmer.
RI
O.I.meg., l.watt, non.indue·
(Johnson 200ED30) (see
type cathode tuning context suggestions for bigber
tive (not marked).
denser (mounted in coil
frequency.bands).
fu - 50,000 obms, l.watt, non.
form, sce text) (Hammar.
lund CTS.160).
C6 - 0.001·,.fd. mica, 500 volts.
inductive (see text).
C6 - O.oool."fd. mica, 500 volts.
Ra -10,000 ohms, 2.watt.
C2 - 250 ""fds. max. midget variable (Hammarlund MC.
C1 - O.ooOI·"fd. mica, 2500 volts
R. -10,000 ohms, 10·watt.
250M).
(Aerovox).
R. - 10,000 obms, 25·watt.
R6 - 30,000 ohms, 10.watt.
Cs - O.OOI.,.fd. mica, 5000 volts
Cs - 260 ""fd •. max. plate spacing
(Aerovox).
R1 - 15,000 ohms, 10.watt.
0.03 in. (Cardwell MR260·
BS).
CD
Neutralizing condenser (Na.
tional NC800).
C. - 200 ",.fd•• max. per section,
at 6th turn from plate end may be substituted.
RFCI - Receiving.type r.f. choke, 2.5 mb. (National or
Hammarlund).
14 Me. - B&W type M-20, tapped at 3rd turn
from plate end. Inductance - 2.8 I'hy. Coil of
RFCa
TraDl!mitting-type r.f. choke (National R·
154U).
10 turns, 1~ in. diam., I~ in. long, tapped at
S - ll-P<lint tap switcb (Mallory type 1311L).
3rd turn from plate end may be substituted.
28 Me. - B&W type M.10, 1 turn removed,
TI - Filament transformer, 6.3 v., 2 a. (Thordarson
type T19F81).
tapped 1 tum from plate end. InductanceTa - Filament transformer, 5 v., 8 a. (Thordarson type
0.6 ,.by. Coil of 4 tums, I~ in. diam., 1);2 in.
T19F84).
long, tapped at 1 turn from plate end may be
L1 -1.75·Mc. crystal - 30 turns No. 22 enam.,I72 in.
substituted.
diam., turns cloee·wound.
L~
1.75 Me. - Johnson type 684 coil. (NOTE: This
S.5-Mc. crY8tal-1O turns No. 22 enam., 1~ in.
coil requires additional padder condenser as
diam., 1 in_ long.
mentioned in text.) Coil of 50 turns No. 18 d.c.e.,
7-Me. crystal- 7 turns No. 22 enam., 1~ in.
2);2 in. diam., 4 in. long including %.in. space
diam., 1 in. long.
at center may be substituted, and will not
L2 -1.75 to 3.5 Mc. - 30 turns No. 22 enam., 1~ in.
require padder.
diam., 1 in. long.
3.5 Me. - Johnson type 663 coil. Coil of 34 turns
3.5 to 7 Me. - 18 turns No. 22 enam., 1~ in.
No. 16, 2);2 in. diam., 4 in. long including ~.in.
diam., 1~ in. long.
space at center may be substituted.
i to 14 Me.
8 turns No. 22 enam., 1~ in.
7 Me. - Johnson type 662 coil. Coil of 20 tum.
diam., Hi in. long.
No. 12, 2~ in. diam., 4 in. long including );2-in.
La
1. 75 to 3.5 Mc.
Barker & Williamson type M..80
space at center may be substituted.
with 15 turns removed, tapped at lOth tum
14 Me. - Johnson type 661 coil. Coil of 10 turns
from the plate end. Inductance - 27 I'by. Coil
No. 12, 2~ in. diam., 3 in. long including 72.in.
same as 1,2 may be substituted. Tap at approxi.
space at the center may be substituted.
mately 8tb tum from plate end.
28 Mc. - Johnson type 660 coil. Coil of 6 turn.
3.5 to 7 Mc. - B&W type M-40 witb 8 turns reo
No. 12, 2U in. warn., 3~ in. long including
moved, tapped at 5th t\ll'll from plate end.
7!i.in. space at the center may he substituted.
NOTE: Spaces above are for link windings.
Inductance - 8 "hy. Coil same as La, tapped
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The ll-point crystal switch is wired to the
sockets before mounting in the panel in a hole 4
inches from the left edge of the panel and 4~
inches up from the bottom edge to balance the
shaft of the tank condenser of the final amplifier.
Biasing Requirements
The 807 requires 90 volts of fixed bias if the
oscillator is to be keyed for break-in operation
and the 75T requires approximately 150 volts
for plate-current cut-off with excitation removed and 300 volts under recommended
operating conditions. II batteries are used, the
biasing is simply a matter of connecting a
4000-ohm leak in series with the negativeterminal connection of 150 volts of battery to
the grid return circuit of the 75T and tapping
the 807 grid return on at 90 volts. However, a
bias pack will be more practical in most instances. The pack should preferably be one
delivering any voltage from 175 to 300 volts. If
the voltage does not exceed 300 volts, nothing
more than a 10,000-ohm bleeder will be raEXCITER TUNING TABLE
Xtal

Output

li'req.

fi'req.

L1

L2

L3

• 1.75
1.75
'1.75
"1.75
'3.5
3.5
3.5
3.5
'3.5
3.5
• 3.5
3.5
7
°7
7
7
'7
7
'7

1.75
3.5
3.5
7
3.5
3.5
3.5
7
7
7
14
14
7
7
7
14
14
14

1.75
1.75

1.75-3.5
1.7.'\-3.5
1.75-3.5
1.75-3.5
1.75--3.5
3.5-7
3.5-7
3.5-7
3.5-7
7-14
3.5-7
7-14
3.5-1
3.5-7
7-14
3.5-1
7-14
7-14
7-14

1.75-3.5
1.75-3.5
1.75-3.5
3.5-7
1.75-3.5
1.75-3.5
3.5-7
3.5-7
3.5-7
3.5-7
14
14
3.5-7
3.5-7
3.5-7
14
14
14

28

1.75

1.73
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
1
1
7
7
7
7
7

28

c.
high
high
low
low
low
hu:h
high
high
low
high
low
high
high
low
high
low
high
low
low

C3

high
low
low
low
low
low
high
low
low
low
low
low
low
low
low
low
low
low
low

quired to make it satisfactory. i\n r.f. choke
should replace R2 and the return connected to a
point about % of the way up on the bleeder
from the positive end. The lower end of the
choke should be by-passed to the chassis with a
O.Ol-"fd. condenser.
If the voltage of the pack exceeds 300 volts,
the bleeder should have a resistance of about
3000 ohms per 100 volts and should be provided with three sliders for adjusting the biasing voltages under operation. One slider should
short-circuit a portion of the negative end of
the resistor while the other two provide bias
taps for the 807 and final. For initial trial, tap
the return of the final amplifier at about 6000
ohms and the 807 at about 3500 ohms from the
positive end with the third slider set at the
extreme negative end.
If the buffer-doubler is to be keyed, the grid
leak R2 is connected through the meter to
ground and no fixed bias is required for this
stage.
Tuning
From the accompanying coil table, it will be
seen that a separate cathode tank is required
for crystals of each frequency band from 1.75
to 7 Me. Each oscillator plate tank coil is designed to cover two adjacent bands for convenience in changing bands. Only two coils, the
first and last, need be wound if frequent change
between 3.5 and 7 Mc. is not required. Likewise, in the buffer-doubler stage, each of the
two lowest-frequency coils covers two bands.
All of these are required, however, if all bands
are to be covered. A separate coil for each band
is required for the final amplifier.
Several coil and tuning combinations are
possible for most output frequencies. The oscillator will double frequency as well as the
doubler itself, so that it is possible to go to
7-Mc. output from a l.75-Mc. crystal. 14 Mc.
from a 3.5-Mc. crystal or to 28 Mc. from a
7-Mc. crystal. The table shows various com-

Fig. 1030 - The oscillator plate tank
circuit of the 250.watt transmitter is
mounted in the space at the center of the
three sockets. The 6L6 and cathode-coil
soekets are toward the front. The sockets
for the 807 and 75T are dropped an inch
or 80 below the top of the chassis in long
screws with spacers. The 6.3.volt filament
transformer is mounted near the 807
soeket and the 5.volt transformer at the
right. The pin.jack type terminal strip
is mounted on small an gles behind a long
slot cut in the rear edge of the chassis.
The jack-top feed-through is the positive
lSOO.volt terminal. It should be protected witb a rubber-tubing sleeve after
connection bas been made. Tbe chassis i.
10 in. by 17 in. by 3 in.
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13
II
12
10
12.3456789
binations which may be used. Certain combinations should be selected
(such as those marked with an asterisk) until the operator is thoroughly
familiar with the transmitter. Later,
it will be a simple matter to swing the
exciter from one band to another with
the most appropriate coils in place.
With a set of suitable coils plugged
in, C2 and Ca should be turned near
minimum or maximum capacity, depending upon the frequency desired
in these circuits. Make certain that the
OSCILLATOR KEYING
crystal switch is turned to connect in
the desired crystal and turn the adjusting screw of the cathode-circuit
12
13
4
2.
3
5
7
8
9
10
"
condenser as far as possible in a clockwise direction. The filament supply,
the bias pack and the 600-volt plate
supply may now be turned on in that
order. If the key is in the oscillator circuit (recommended for initial test),
none of the meters should indicate
IIOV.• A.C.
current flow with the key open. With
the key closed, the oscillator plate current should be 20 to 30 mao if the circuit is not oscillating, dropping to about
15 mao when oscillating. Adjusting
the oscillator plate tank condenser
should cause a slight dip in oscillator
BUFFER-DOUBLER KEYING
plate current and a high swing in plate
Fig. 1031 - Terminal and meter connections for the 250.watt
current to the 807 at some point. If transmitter, for oscillator keying or for huffer.douhler keying.
this is not obtained at any setting of
C2, the oscillator plate current will probably be With the oscillator cathode circuit tuned corrunning high. With the key closed, the adjust- rectly, the off-resonance plate current of the
ing screw of the cathode condenser should be 807 will run between 125 and 150 ma., dropturned slowly counterclockwise until the oscil- ping to 60 to 100 mao at resonance, depending
lator plate current takes a sudden drop. Tuning upon frequency. If the oscillator plate circuit
the plate condenser should then develop two is tuned to the crystal fundamental, it should
points where plate current will flow to the 807, not be tuned too close to resonance to permit
one near maximum capacity of C2 and one near ready starting and stopping of crystal oscillaminimum capacity. If only the former is found,
tion. Tuning the 807 plate circuit to resonance
a turn or so should be removed until both are should cause grid-current flow to the final
found. If, on the other hand, only the one near amplifier. This current should run between 35
minimum is found, a turn or two should be and 50 rna., depending upon frequency.
added. The key should be closed only for short
The final amplifier is neutralized and tuned
intervals until the tank circuit of the 807, as described in Chapter 14. With a 1500-volt
LaC a, is tuned to resonance as indicated by a plate supply, no difficulty should be experidip in plate current.
enced in lighting the 150-watt lamp dummy
load to more than normal brilliancy on all
Adjustin~ the Cathode Tank
bands.
Now tune the plate circuit of the oscillator
Checkin~ Volta~es and Currents
to the second harmonic of the crystal frequency, making sure that a coil tuning to this
With the final amplifier running with the
harmonic frequency or double this harmonic lamp dummy load, various voltages and curfrequency is in the plate circuit of the 807. rents should be checked. The voltage of the
(In the case of 3.5-Mc. crystals, either coil plate supply for the exciter should be as close
covering 7 Mc. will do.) Tune the plate cir- to 600 as possible. The voltage dividers recomcuit for maximum 807 grid current and then mended will then provide voltages close to the
adjust the cathode condenser also for maxi- following values: oscillator plate, 300 v.; oscilmum grid current. Any grid current value lator screen, 150 v.; 807 screen, 300 v.
between 2 and 5 mao should be satisfactory.
A check should be made on the biasing volt-
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Fig. 1032
A 4S0.walt push·pull ampli.
fier of dish.type construction suitahle for
812's. TSS'8, 3ST's, 808's, RK51's. H YSI 's,
HK 154's or other tuhes of similar style
operating at plale voltages of 1000 to ISoo.
The meter switch is at the right. the control
for the plale tank condenser at the cenler
and the grid-cireuit coni rol at the lefl. Tbe
panel which is 8~ hy 19 in. is fitted with
panel hearings for the condenser·shaft exten·
sions. It is fastened to the chassis hy flat.head
screws after the hot tom edges of the chassis
have heen drilled and tapped.

age for the 75T together with its grid current
while operating under full load. The biasing
voltage should be not less than 300 with a grid
current of not less than 25 rna. If the voltage is
300 or higher but the grid current less than 25
rna., the slider on the bilLs-pack voltage divider
should be moved slightly towards the positive
end of the resistor until grid current is up to
normal. Under operation, grid voltage for the
807 should be 200 to 250. Grid current at this
voltage should run 2 to 5 rna. Corrections may
be made by adjustment of the slider on the
biasing resistor. If it is now found that the
biasing voltage with the key open is insufficient to cut off plate current, the slider at the
negative end of the biasing resistor should be
advanced until plate current is cut off. Biasing
should again be checked under operating conditions and readjustments made if required. It
is preferable that these biasing adjustments be
made at the highest frequency to. be used.

Fig. 1033 - Tbe plate tank-coil
jack etrip of the 4S0.watt push.
pull amplifier is fastened to the
tank.condenser frame with strip.
metal brackets. Tbe assembly,
mounted on %.in. stand-ofl' in.
sulators i. placed at the center of
the chassis as far to the left as
possible. The condenser shaft is
extended at right angles through
the hearing in the center of the
chassis hy means of two Millen
4S·degrec shaft joints connected
together hy a shortlength ofhake.
lile shafting. The sockets for the
812'. arc suh.mountcd on the
6.hy -8.in. partition 37!i inches up
from the chassis and 1 % inches
(MOl each e,heand are orientated
w that
(./qtes of the tube. will
be In aVe; t.ca' ~lanc when in use.
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Final-amplifier gl'id current at the lower frequencies may then be held to a maximum of 30
rna. by tuning of the oscillator plate tank circuit. In cases where the 807 is keyed and gridleak bias only is used, any grid current between
3 and 8 roa. should give satisfactory performance.
In the tests which were run at 28 Me .• the
manufactured coil developed considerable heat
when allowed to operate continuously for appreciable periods. This is, of course, rather to
be expected with coils wound on solid forms
when operated at the higher frequencies. Although less convenient, those who wish highest
efficiency will probably prefer a self-supporting
coiL
In coupling to the antenna, the best method
will depend upon the type of antenna system to
be used. The coupling coil of the Johnson tank
coil is suitable for coupling directly into a.ny untuned line of impedance up to 600 ohms. When

Transmitter Constru~tion
Fig. 1034
Wiring diagram of the 450-watt pushpull amplifier.
100 I'llids. per section (Hammarlund MCD·
Ct
100M).
C2
100 ....fds. per section (Cardwell MTl00GD),
0.07 ·in. spacing.
Ca
500 I'l'fd •• mica, 600·yolt.
Neutralizing condenser (Hammarlund NI0).
L,
W
C&
O.OI·l'fd. paper, 600·volt.
Ce - 0.OO2 ...fd. mica, SOOO-voit.
~
R, Rt
Grid leak, 6000 ohms, 10 watts.
~
R2 Grid.current meter shunt, 25 to 50 ohms, 2watt_
Ra Same as fu.
R.
Cathode-current meter shunt. See text.
R6 Same a. R•.
LI - National AR series coils with center link (variable-link type recommended).
Substitute coils may be wound on 1 ~.in. diameter
form. as follows:
44 turns, 2 in. long.
3.5 Me.
7 Me. 22 tnrns, 2 in. long.
10 turns, 1~ in. long.
14 Me.
6 turns, l~ in. long.
28 Me.
L2 - Barker and Williamson TL series with center links.
Substitute coils may be wound as follows:
. diam., 4 in. long.
3.5 Me. - 36 turns,
7 Me.
18 turn.,
_ diam., 4 in. long.
10 turns,
• diam., 3 in. long.
14 Me.
28 Me.
6 turns, 2~.in. diam., 3 in. long.
SW - Mallory 2-gang, 6 position switch.
Filament transformers - 6.3 Y., 6 a. to fit under chassis.

coupling into a tuned line, a separate antenna
tank of series tuner should be provided and link
coupling used between the final tank circuit
and the antenna tank or series tuner. (Bib. 3.)
• COMPACT 450·WATT PUSH·PULL
AMPLIFIER

The photographs of Figs. 1032, 1033, 1035
and 1036 show an amplifier designed a10ng the
lines of the type of construction often referred
to as .. dish-type." This type of construction
has many advantages, a1though its use is
normally confined to components of moderate
physical dimensions and weight.
The tank coils may be mounted so that very
little metal of the normal rack structure is in
the immediate fields of the tank coils - a condition almost impossible to approach in the
usual form of construction with metal panels
and side brackets. Plug-in coils are made much
more accessible for changing and the direction
of "pull" in removing coil" is outward away
from the rack rather than upward into the next
rack unit above. Terminals may be mounted so
that the wiring between rack units may be
made inconspicuous and so that the chances of
personal injUry from accidental contact with
exposed terminals at the rear are greatly reduced. Lastly, this form of construction usually
reduces the required height of the unit which is
a particular advantage in table racks where
vertical space is at a premium.
Individual Metering

The circuit of the amplifier shown in the dia.gram of Fig. 1034 is standard in every way

(TO E.XTERNAl

+ 0'100 NA METER

except in the method of metering where a departure is made from usual practice. By means
of the two-gang six-position switch, it is possible to measure the individual grid and cathode
currents of each tube as well as total grid
or tota.1 cathode currents. To accomplish
this, two small filament transformers are
used, one for each tube, instead of a single large
transformer. The meter is switched across
shunting resistances in each circuit to simplify
switching. The shunting resistances in the grid
circuits are not critical in value so long as they
are not less than 20 times the resistance of the
100-ma. meter. Meter resistance usually runs
between 0.25 and 1 ohm in the 100-ma. size so
that resistances of 25 ohms or so will have no
practical effect upon the meter reading. In the
cathode circuits, the shunting resistors should
be canfully adjusted to provide a scale multiplication of ten, The full-scale readings when
the meter is shifted to the cathode circuits will
then be 1000 rna. These resistances in each case
should be one-ninth of the resistance of the
meter used. Those shown in the photograph
were made with No. 22 enamelled copper wire
wound on XLII diameter rods of inSUlating composition. The total length of wire required for
each of the resistances is about three feet.
The exact length can be determined quite easily by experiment, as described in Chap. 17.
Wiring

In doing the r.f. wiring, care should be taken
to keep it as symmetrical as possible. In forming the long wires between the neutralizing
condensers and the'tank-condenser stators, the
lengths should be made identica.l. The wire
connecting to the rear condenser stator should
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go directly in a straight line, while the one going to the front stator section may be bent to
make up for the difference in distance between
the neutralizing condensers and the two stators. The plate leads to the tube should be
tapped on these long wires at points which will
make the wire length between neutralizing
condenser and plate and between tank condenser and plate equal on each side.
The positive high-voltage lead. run inside
the chassis with high-voltage cable. comes up
through a feed-through insulator near the plate
choke.
The rotors of the grid tank condenser are not
grounded since experience has shown that an
amplifier of this type usually neutralizes more
readily without the ground connection and excitation usually divides more evenly between
the two tubes.
The leads from the neutralizing condensers
to the grid terminals are crossed over before
they pass through small feed-through points
mounted in the partition. The grid r.f. chokes
are self-supporting between the tube grid terminals and feed-through points in the chassis
which carry the biasing leads inside to the individual grid leaks. Filament wires are run
through ;.g" holes lined with rubber grommets.
Inside the chassis, the leaks and metershunting resistances are supported on fibre lug
strips. The leads going to the switch should
be soldered in place, formed into cables and
the other ends connected to the switch on the
panel as the last operation before putting the
panel in place. The panel is fastened to the
chassis with six 8-32 Hat-head machine screws
after holes have been drilled and tapped in the
folded edges of the chassis.
If the layout and 'wiring have been followed
carefully. no difficulties should be encountered
in neutralizing nor with parasitics. Both grid
and plate currents should check the same
within 10 per cent.
The meter when switched to read grid cur-

Fig. 1035 - The grid-cireuit compooents of the 450watt amplifier arc mounted on this side of the partition
which is braeed by standard 5-in. triangular braekets.
The tank condenser is mounted by means of a screw in
the hole which remains when tbe shield between the
stators is removed. The ceramic terminal strip isJor all
external connections except for positive high voltage for
which a special safety terminal is provided. A large
clearance hole should he cut in the chassis for the condenser shaft. The shaft should come at the center line of
the chassis.

rent forms a good neutralizing indicator. Both
neutralizing condensers should be kept at equal
settings and adjusted simultaneously until the
grid current remains perfectly steady as the
plate tank is tuned through resonance. When
not neutralized. there will be a pronounced dip
in grid current at resonance. Neutralizing is
always done with plate voltage removed.
The amplifier requires a driver delivering 25
to 40 watts. The 807 exciters of Figs. 1018 and
1022 should prove adequate.
If the amplifier is to be protected with fixed

Fig. 1036
The individual filament
transformers are small enough to be
mounted inside the chassis. Grid leaks and
meter-shunting resistances are mounted
between fibre lug strips. The shaft of the
grid tank condenser is fitted with an insulating coupling. Meter-switch leads are
cabled and connection to the switch made
just before the panel is fastened to the
8 in.-by-17 in .•by.3 in. chassis.
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Transmitter Construction
bias against failure of excitation, the grid-leak
resistance of each tube should be adjusted so
that the total grid voltage under operating conditions will be not less than 125 volts without
exceeding the maximum grid-current rating of
25 mao per tube when the amplifier is loaded to
rated plate current .

bands may be covered. Thus, the 1.75-, 3.5and 7-Mc. bands may be covered with one
pair of coils, the 3.5-, 7- and 14-Mc. bands
with another pair and the 7-, 14- and 28-Mc.
bands with a third pair.
A plug-in fixed air condenser is required for
the plate circuit for the 1. 75-Mc. band. The

• A 4S0·WATT BAND·
SWITCHING
PUSHPULL AMPLIFIER

The photographs of Figs.
1037, 1038, 1040 and 1041
illustrate a 450-watt pushpull band-switching amplifier capable of handling a
power input of 450 watts at
1500 volts for c.w. operation
or 375 watts with plate modulation. While the type T55
is shown, any of the tubes of
the 1000- or 1500-volt class,
such as the 809, T40, HY40,
RK35, UH50, 808, 812,
RK51 or 35T, may be used.
The circuit is shown in
Fig. 1039. Band-switching is
accomplished by short-circuiting turns of both plate
and grid coils by means of
tap switches. Any three adjacent bands may be covered
in this manner. By plugging
in another pair of coils, a
second set of three adjacent

Fig. 1037 - The panel of the band.switching amplifier is 10,Vz inches by 19
inches. The dials control the plate· and grid.tank condensers. The uppermost
of the two small knobs to the left is for adjusting the variable link-output
coupling, while the lower one is for the plate hand switeh. The grid hand
switch knoh is to the right.

plug-in jack base is mounted under
the chassis and is wired to the
lowest-frequency switch points so
that the condenser is automatically
connected across the coil when
the switch is tuned for the 1.75Me. band. When the coil covering
this band is not used, the fixed
condenser should be removed, or it
may be omitted entirely, if operation in this band is not desired. The
grid circuit likewise requires padding at 1.75 Me., but here a 15p.p.fd. condenser may be connected
permanently across the fourth set
of switch contacts which are not
used for other bands. C9-L3 and
C1o-L4 are parasitic traps to eliminate ultra-high-frequency parasitic
oscillation. Fixed-link coupling is
used at the input, with variablelink coupling in the output.
Fig. 1038 - Rear view of the band.switching amplifier. Link input
and output terminals are at the left and right.hand ends of the chassis
respectively. The parasitic traps are self.supporting hetween the grid.

tank.-condenser terminals and the grid terminals of the tubes. The
controls ofhoth tank condensers must he well.insulated from the shafts.

Construction

The plate tank-circuit oomponents are grouped at the left-
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hand end of the chassis. The tank-coil jack
bar is mounted on a pair of metal supports
2Ys inches high so that the variable-link control shaft will clear the Ohmite switches by a
half-inch or so. The switch units are mounted
on I-inch cone insulators after their mounting brackets have been revamped to bring
the shafts 1% inches above the chassis. The
two switch units are spaced on the chassis
so as to be central with the connections on the
coil jack bar. The shafts are coupled together
with a section of Ys-inch bakelite rod with brass
reducing couplings at each end. Each end of the
bakelite section should be flattened slightly
so that the coupling set screw will not slip.
The two feed-through insulators at the edge of
the chassis are mounted near the switch and
are for the connections between the switch
units and the padder-condenser jack base under the chassis. The plate tank condenser is
mounted on 1M-inch cone insulators just to
the right of the tank coil. The plate r.f. choke
and a feed-through insulator for the high-voltage lead are placed beneath the coil mounting.
The by-pass C6 is fastened by heavy wire leads
between the grounded front coil bracket and
the tank-condenser rotor connection.
On the right side of the chassis the grid tank-

circuit components are grouped, The tank
condenser is mounted on I%·in. cone insulators to bring its shaft level with that of the
plate tank condenser and placed on the
chassis so that the two shafts will come at equal
distances from the ends of the chassis. Similarly, the grid switch is mounted on a I-in.
cone insulator after a metal bracket has been
fashioned to bring the shaft 27.( inches above
the chassis. It is placed with its shaft and the
shaft of the plate switch at equal distances
from the chassis edges. The grid tank coil is
mounted on a sheet of metal 4 inches by 5
inches, elevated above the switch by four
metal pillars 4 inches high. The grid-circuit
r.f. choke and a feed-through point for the
biasing voltage are between the tank coil and
condenser.
The tubes and neutralizing condensers are
placed symmetrically between the two tank
circuits. A half-inch hole, lined with a rubber
grommet, is drilled under each tube socket for
the filament leads.
Coils

The plate-tank coils listed under the circuit
diagram are of a special series designed primarily for use with a multi-section tank conTI -

+HV

r

-H.v+BIASo

Fig. 1039 - Circuit diagram of the 450·watt band
switching amplifier.
C) - 100 ""fd. pcr section, 0.07·in. plate spacing
(Hammarlund HFBD·loo·E).
C. - ISO ""fd., plate spacing 0.05.in. (Hammarlund
lIFB·150·C).
Ca
50.""fd. fixed air padder for 1.75 Me., spacing
0.17 in. or greater (see text) (Cardwell JCO.
50·0S).
C. -15.""fd. padder for 1.75 Me., 0.05.in. spacing
(see text) (Hammarlund HFA·15·E).
C. -O.ool."fd. mica, 75oo.volt (Aerovox 1623).
Ce - O.Ol."fd. paper.
C7, Cs
Neutralizing condenser (National NC800).
Co, CIO - lsolantite mica adjustable trimmer, 20-100
""fd. (Mallory CTX954).
Cu, C12
O.Ol.,.fd. paper.
RFC) -l.mh. r.f. cboke, 6oo·ma. (National R154).
RFC. - 2.5·mh. d. choke (".fillen).
Ganged sections of Ohmite ham.band switch
SWI
(3.position).
SW,- Ganged section. of Mallory ham·band switch
(-f..position) (type 162C).
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7.5.volt, 6.amp. filament transformer
(Thordarson T19F94).
LI - For 1.75., 3.5. and 7.::\.lc. bands -60
turns No. 16, 5%.in. long, 2 Yz.in.
diam., tapped at the 7th and 16th
turn each side of center (B & W
TVH.160) (90 ,.by., tapped each
side of center at 7/30 and 8/15 of
total number of turns in each half).
For 3.5·, 7· and 14·.'\1c. bands - 38
turns No. 14 514·in. long, 2Yz.in.
diam .• tapped at the 4th and 9th
turn each side of center (B & W
TVH.80) (35 "hy., tapped each side
of center at 2/19 and 9/38 of total
number of turns in each half).
For 7., 14. and 28·Me. bands -24
-BIAS
turns No. 12 5J4.in. long, 2Yz.in.
diam., tapped at 2nd and 5th turns each side
of center (see text for alterations) (B & W TVH.
40) 13 "hy., tapped each side of center at ap·
prox. J,i and 5 Yz of total numher of turns in
each half. (See text on adjustment.)
L. - For 1.75., 3.5. and 7·M •. bands - 52 turns,2.in.
long, 1 Yz.in. diam., tapped at 9th and 17th
turns each side of center. (Coto CS160C) (56
,.hy. tapped each side of center at 9/26 and 17/26
of total number of turns in each half).
:For 3.5., 7· and 14.Mc. bands
26 turns. lYz.in.
long, I Yz.in. diam., tapped a t 5th and 9th turns
from each side of center. (Coto CS80C) (17
,.hy., tapped each side of center at 5/13 and 9/13
of total number of turns in each half).
F'or 7-, 14· and 28.Mc. bands
16 turns l}i·in.
long, 1 Yz.in. diam., tapped at 1st and 3rd turns
each side of center. (Coto CS40C) (5 "hy.,
tapped each side of center at 711 and Va of total
number of turns in each half).
La, L. - 8 turns No. 12, y:!.iu. inside diam., l?i.in.
long.

Transmitter Construction
denser. They are provided
with four extra plugs which
are used, in this case, for the
short-circuiting taps. The
coil covering 7, 14 and 28
MI'. requires 'slight alteratioll, however. Two turns on
each side of center are cut
free from the supporting
strips and left self-supporting, otherwise the coil heat
usually developed at 28 Me.
may be sufficient to ruin the
ba~e strip. At the same time,
these two turns on each side
should be reduced in diameter to 1% inch. This may
be done quite readily by Ullsoldering the central ends,
twisting the turns to the
smaller diameter and cutting
off the excess wire. While
the lower-frequency taps
Fig. 1040 - Grid-eircuit end of hand-switching push.pull amplifier showing
may be soldered, it is ad- switching arrangement and the 1.75.Mc. padder.
visable to use clamps on the
wire for the 28-Mc. taps. Johnson coil clips are common. This practice helps in the prevention
of parasitic oscillations. The grid by-pass conjust right for the purpose.
Since grid coils are unobtainable with suffi- denser is mounted close to the grid-coil socket.
dent pins in the mounting, the taps for the Millen safety terminals are used for the bias
grid coils are brought out to a 5-prong Millen and high voltage.
coil-mounting bar (Type 40205). A plug-in
Tuning
socket for the bar is sub-mounted in back of
The first step in adjusting the amplifier is
the coil socket.
that of setting the bias. If T55's are used, a 90Wirin~
volt battery with 2000-ohm grid leak in series
All of the wiring, excepting the power wiring may be connected across the biasing terminals
underneath the chassis is done with No.· 14 or, if a pack is used, it should be adjusted so
tinned bus wire. In all possible cases, connec- that 90 to 150 volts from the pack appear across
tions are made with short straight sections of a 4000-ohm grid-leak section (see Chap.
wire running directly from point to point. Of Eleven). Either of the 807 exciters previously
importance are the leads to the tube grids and described will supply adequate excitation. The
plates. The leads to the tank condensers and only alteration is in the 807 plate coil for 28 Mc.
those to the neutralizing condensers are kept which should be reduced by one turn to proentirely separate; at no point are these leads vide a higher-C circuit for better matching.

Fig. 1041
The chassis for the handswitchiug amplifier is 10 inches hy 17
inches hy 3 inches. The plug-in air
padding condenser for 1.75 Me. is
spaced with equal distance between top
and bottom of the chassis. Filament bypass condensers are soldered to the
terminals of the fihre lug strip to which
the filament transformer terminals
are anchored.
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Before excitation is applied, the
two condensers Cg and CID should be
set at maximum capacity. With excitation applied and plate voltage off,
grid current to the amplifier should
run between 60 and 90 mao Make
certain that the coil switches are set
at the appropriate points. The amplifier may be neutralized, using the
grid meter as an indicator.
The amplifier should now be tested
for parasitic oscillation. The bias
should be reduced to a point which
will allow a plate current of 100 mao
or so to flow without excitation. It is
advisable to lower plate voltage for
this test by inserting a resistance of
about 2500 ohms in series with the
plate voltage or inserting a 200-watt
lamp in series with the primary winding of the plate transformer. The grid
tank condensers should be set at
various points while the plate tank
condenser is swung through its range.
The plate current should remain perFig.1043-Rear view of the l-kw. amplifier showing wiring and
fectly stationary. If a point is found placement of parts.
where a sudden change in plate current takes place, Cg and CID should be adjusted, lation, the plate current should be reduced to
bit by bit, until the variation in plate current 250 mao and the output should exceed 250
disappears. C II and C ID should be set as close watts. The amplifier will operate satisfactorily
to maximum capacity as possible and yet with grid current of 40 to 70 rna. with the
amplifier loaded. The maximum rating of 80
eliminate the parasitic.
Normal biasing voltage may now be replaced mao for the two tubes should not be exceeded.
and the amplifier tuned up and loaded. For Reference should be made to the tube tables
c.w. operation, the output should exceed 300 of Chapter 20 for operation of other tubes.
watts when operated at the maximum rated
input of 1500 volts, 300 rna. With plate modu- • PUSH·PULL l·KW. AMPLIFIER
The push-pull amplifier shown in
the phottlgraphs of Figs. 1042, 1043
and 1045 is capable of handling a
power input of 1000 watts for C. w.
operation or 900 watts with plate
modulation.
The circuit is shown in Fig. 1044.
Plug-in coils with fixed links are used
in the grid circuit, while the outputcoil mounting is provided with variable-link coupling. L aC3 and L 4 C4 form
traps against u.h.f. parasitic oscillation. A multi-section plate tank
condenser provides a low-minimum
capacity for operation at the higher
frequencies and a high maximum for
the lower frequencies.

Fig. 1042
The panel for the l.kw. push-pull amplifier is 14
inches high hy 19 inches ",ide.
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Construction
The plate tank condenser is mounted on l~-in. cone insulators. The
rotor is grounded through a highvoltage fixed condenser at the front
end of the condenser. The shaft is cut
off and is fitted with a large isolantite

Transmitter Construction
flexible shaft coupling. This is important since
the rotor is at high voltage. A panel-bearing assemblyis fitted in the panel. The jack bar for the
plate tank coil is mounted on a pair of angle
brackets fastened to the condenser end plates.
Two 300-ma. r.f. chokes in parallel are used
with one connected between each condenser
end plate and the center connections of the coil
jack bar. The positive high voltage comes up
through the chassis through a feed-through
insulator at the rear of the condenser.
The grid tank condenser is mounted on %-in.
cone insulators topped with spacers to bring
its shaft up level with that of the plate tank
condenser. The two condensers are mounted
with their shafts 37'S-in. from the chassis
edges. The jack bar for the grid tank coil is
mounted on "U"-shaped brackets made from
:.-2-in.-wide brass strip and these, in turn, are
mounted on 2-in. cone insulators. The rotor of
the condenser is grounded to the chassis at the
center. The grid d. choke is mounted on a
feed-through insulator carrying the biasing
voltage up through the chassis. The grid bypass condenser is soldered between the top of
the choke and the rotor ground connection.
The two tubes are mounted centrally in respect to the two tank condensers with the
neutralizing condensers between the tubes and
the grid tank condenser. The sockets for the
tubes are sub-mounted beneath the chassis on
%-in. spacers to bring the plate terminals
lower. The parasitic-trap condensers and coils
Fig. 1044
Circuit diagram
for the l·kw. push.pullllmplifier.
C,
150 ""Id. per section,
0.05·in. spacing (Johnson
150FD20).
C2 - Multi-section, max. capac.
ity 228 ""fd. per section,
0.84.in. spacing (Card.
ill!,uf:d.
well XE.160.70.XQ).
;;:.3
Ca, C.
30.""fd. mica trimmer
condensers with isolan.
tite insulation (Millen
28030).
C6, C, - Neutralizing condensers
(Johnson N250)
C7 - 0.01 "fd. paper, 600-volt.
Cs - 0.001 "fd., mica, 10,000·
volt (Aerovox 1624).
Cg, C,o - 0.01 "fd. paper.
RFCI - 2.5-mh. r.f. choke.
RFC2 -l·mh., 300.ma. r.f. choke
-BIAS
(National R-300).
TI - 1O,volt, 10.amp. filament
transformer (Thordarson TI9F87).
L,-1.7~ Mc.-42 turns No. 14,3 in. long, 372 in.
d.am. (110 phy.)
3.5 .Me. - 32 turns No. 16, 2%; in. long, 272 in.
d.am. (40 phy.) (B & W 8OBL).
.
7 Me. - 20 turus No. 14, 272 in. long, 2 in. diam.
(12 "hy.) (B & W 40BL).
14 Me.
10 turns No. 14, 272 in. long, 2 in. diam.
(3 "hy.) (B & W 20BL).
28 Me. - 6 turns No. 12,272 in. long, 2 in. diam.
(l"hy.) (B & W 10BL).
L2 -1.75 Me. - 48 turns No. 14,6% in. long, 3~ in.
diam. (90 phy.) (B & W 160HDVL).

are self-supporting and are fastened to the heatradiating plate connectors.
Underneath the filament transformer is
mounted and the filament by-pass condensers
are wired directly at the sockets. Millen safety
terminals are provided for the positive-highvoltage and negative-bias terminals. A male
plug is set in the rear edge of the chassis for
the llO-volt connection to the filament transformer.
Tunin~

The only departure from ordinary procedure
in tuning is that of adjusting the parasitic
traps. The trap condensers should be set near
maximum capacity, but not screwed up tight.
After the amplifier has been neutralized, a bias
of about 22% volts should be applied to the
grid and the plate voltage applied through a
2500-ohm resistance. With any pair of coils
plugged in, the plate current should not vary
with any setting of grid or plate condensers.
If the plate current changes suddenly at any
point, the trap condensers should be adjusted
equally until the change disappears. The trap
condensers should be set as near maximum
capacity as possible consistent with parasitic
suppression. If the r .f. wiring has been followed
carefully, the initial adjustment of the traps
described above should be sufficient.
After the above adjustment is complete,
excitation may be applied and the amplifier
loaded. The high-eapaeity sections of the

IIOV.,A.C

r

tBIAS

-HV

+H.'iI

3.5 Me. - 32 turns No. 10, 6%; in. long, 372 in.
diam. (40 phy.) (B & W 8OHDVL).
7 Me. -20 turns No.8, 6%; in. long, 372in. diam.
(15 "hy.) (B & W 40HDVL).
14 Me. - 8 turns No.8, 4%; in. long, 372 in. diam.
(3 "hy.) (B & W 20HDVL with one turn reo
moved from each end.
28 Me. - 4 turns 3/16·in. copper tubinll or No.4
wire, 5M in. long, 2% in. inside diam. (0.8
phy.) (B & W 10HDVL with one turn removed
from eaeh end).
La, Lt. - 6 turns No. 12, ),i.in. inside diam•• ~ in.
long.
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Fig. 1045
The tube sockets of the l.kw. amplifier
are sub·mounted. The filament transformer is mounted
near tbe sockets. The chassis is 13 inches by 17 inches.

plate condenser are required only for the 3.5Mc. band. A driving power of 50 to 60 watts is
required for Class-C operation. Either of the
807 exciter units df'scribed previously will
supply sufficient excitation for Class-C operation with plate modulation at full rated input
on all bands except the 28-Mc. band. Here, an
exciter with greater output, such as the transmitter shown in Fig. 1026 will be required.
A pack delivering 75 to 175 volts is required
for biasing. The bleeder resistance, which
forms the grid leak, should be set at 2000
ohms. If the pack delivers an output voltage
greater than 175 volts, the output should be
provided with a voltage divider with resistance
values determined as described in connection
with Fig. 1112.
Grid current should run 100 mao on all bands
and the amplifier may be loaded until the
plate current increases to 500 mil.. when the
output at 2000 volts should be approximately
750 watts .

of the condenser in the unit described in Fig.
1003, but on the opposite side of the center
line. This will permit a symmetrical panel ar·
rangement when the three units are assembled
as a complete transmitter as shown in Fig.
1305.
The antenna windings should be connected
as shown in the circuit diagram of Fig. 1047.
The size of L1 will depend upon the antenna
dimensions and should be adjusted so that the
antenna circuit will tune to resonance. The
link winding L 2 , usually of a few turns wound
),4-in. or so below LIon the form, should be
adjusted in conjunction with the output link
of the transmitter to provide proper coupling.
This coupler may be used in conjunction with
a simple voltage-fed antenna, in which case
parallel tuning will be used and the antenna
connected to one output terminal, or with
tuned feeders.
Fig. 1049 shows the circuit diagram of a
simple series-parallel antenna tuner. The constants given will usually be satisfactory for
most common lengths of feeders when used
with transmitters operating at 1500 volts or
less.
The condensers are mounted on pillars taken
from National GS-l insulators as described in
connection with Fig. 1053. The coil strip is
fastened to the inside upper corners of the condenser frames. Clips on flexible leads are provided to short-circuit unused turns of the
antenna-circuit coil and another pair is used
to switch from series to parallel tuning. When

• ANTENNA COUPLERS

The small antenna tuner shown in Figs.
1046 and 1048 is designed particularly to go
with the 6L6 oscillator transmitter of Fig.
1003, but is suitable for any low-power transmitter operating at plate voltages up to
about 500. It is built on a chassis of similar
size - 4 in. by 5 in. by 3 in. The tuning condenser is insulated from the chassis by drilling
a pair of 7li-in. holes %-in. apart to fit National FWB terminal strips. The shoulders on
one of the strips are filed off so that the condenser mounting screws will clamp the strips
in place.
The placing of the condenser on the chassis
is such that its shaft falls the same distance
from the center line of the chassis as the shaft

CHAPTER TEN

Fig. 1046 - Compact plug.in type antenna tuner for
low-power transmitters. The tuning condenser ie insu,
lated from the chassis by means of a pair of National
FWB terminal strips. The front socket ie for parallel
tUDing. the rear ODe for series tuning. The clearance hole
at the rear of the condenser is for the connection to the
condenser stator. The rotor connection is taken off
underneath.

Transmitter Construction
series tuning is used, the flexible leads with the
clips hang free, while they are clipped on each
feeder connection as shown in Fig. 1049 when
parallel tuning is desired. Feeder connections
are made to the two large stand-off insulators
shown in the photograph.
Wide-RanlIe Antenna Coupler

The photograph of Fig. 1051 shows the construction of a wide-range antenna coupler. A
separate coil is used for each band and the
PARALLEL

Input

Fig. 1048 - Bottom view of the plug-in type antenna
coupler. The pin jacks are the link input terminals, while
a pair of National FWB terminal strips is used for tbe
antenna feeder connections.
TOP VIEW OF
COIL FORM

TOP VIEWS OF SOCKETS

Fig.

[047 - Circuit diagram of tbe low-power

antenna tuner. Cl is a 250-l'l'fd. midget variable condenser (National STH250). L, is tbe antenna tuning
winding, wbile L2 is a link input winding. Connections
for series or parallel tuning are made automatically when
the coil is plugged into the correct socket.

Fig. 1049
unit.
C" C2

100 I'~d., 0.07-incb spacing (National TMC100).
Ll - 22 turns No. 14, diameter 2 %: incbes, length 4
incbes (Coto witb variable link).
L2 - 4 turns rotating inside LI.
M - R.f. ammeter, 0-2.5 for medium-power trans·
mitters.

desired connections for series or parallel tuning
with high or low C or for low-impedance output
with high or low C are automatically made
when the coil is plugged in. Coil connections
to the pins for various arrangements are shown
in Fig. 1052.
The condenser specified with a set of regular
coils should cover practically all coupling
conditions likely to be encountered. Because
the Bwitching of connections requires the use of
the central pin, a slight alteration in the B & W
unit is required. The link mounting is removed
from the jack bar and an extra jack is placed in
the central hole. The link assembly is then

mounted on a 2-inch cone insulator to one side
of the jack bar. On each coil, the central nut
is removed and a Johnson tapped plug, similar
to those furnished with the coils, is substituted.
An extension shaft is fitted on the link shaft
and a control is brought out to the panel.
The tank condenser is mounted with angle
brackets on four 1 Y2-inch cone insulators and
an insulated coupling provided for the shaft.
If desired, the coils may be wound with
fixed links on transmitting ceramic forms.
The links will have to be provided with flexible
leads to be plugged into a pair of jack-top
insulators mounted near the coil jack strip
unless a special mounting is made providing for
seven connections. Feeder connections are
made at the 6-inch spaced terminals at the
rear and the connections are brought up
through the chassis to the coupler through another pair of feed-through insulators. Similarly, the link line from the final tank circuit is
brought to the terminals at the left and thence
up through the second pair of feed-through
insulators. The latter are mounted so that the
flexible connections to the link can be trans-

Fig. 1050 A Iink-coupled antenna-tuning unit for
use with resonant feed systems. Tbe inductance, witb
variable link, is mounted on the condenser frames. Clip!
are provided for changing the number of turns, and for
switcbing tbe condensers from series to parallel. Tbe
panel measures 534 by 19 incbes.
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Fig. 1051
Wide-range antenna
coupler. The unit is mounted on a
chassis 7 in. hy 17 in. bv 2 in. with a
panel 8% in. by 19 in. The condenser
is a split-stator unit having a capacity
of 210 ",,,,fds. per section, 0.07.in.
plate spacing (Cardwell XT.210.
PD). The coils are the B & W TVL
series.

Fig. 1052 - Circuit diagram of the
wide-range antenna coupler. A
Parallel tuning, low C. B - Parallel
tuning, high C. C - Series tuning,
low C. D - Series tuning, high C.
E - Parallel tank, low-impedance
output, low C. }<' - Parallel tank,
low-impedanee output, high C. For
single-wire matched-impedanee feed.
ers, the arrangements of E or F would
be used with a single tap iDstead of
the double tap shown. For simple
voltage-fed antennas, the arrangement of A would be used with the end
of the antenna connected at "X."

Feeders

feeders

~;f

Fmal

Fmal

~T(U1k

B

A

FeederS

Feeders

o

Tank

final

rank
ferred from their usual anchorages to prevent short-circuiting
against the link shaft.
D
c
After the inductance required
Feedel"J
for the various bands has been
feeders
determined experimentally, the
connections to the coils can be
made permanent !l,nd then it is
c:-""Fmal
merely !l, matter of plugging in ~c::...Tank
~c::..,.Tank
the right coil for e!l,ch band and
tuning the condenser for resF
E
onance and adjusting the link
for loading.
The unit should be s!l,tisfactory for transPi-Section Antenna Coupler
mitters operating !l,t a plate voltage of not
The photograph of Fig. 1053 shows the conmore than 1500. For higher voltages, a constructional details of a pi-section-type antenna
denser with larger spacing should be used.
coupler. The diagram appears in
Fig. 1054. All parts are mounted
directly on the panel with flat-head
machine screws. The condensers
are each supported on three ceramic pillars from National type
GS-l stand-off insulators. A !iiinch 6-32 machine screw is inserted
in one end of each pillar and turned
tight. The head of the screw is then
carefully cut off with a hack-saw
and the protruding quarter-inch or
so will thread into the mounting
holes in the end plate of the condenser. The shaft is cut off about
J4'-inch from -the frame and is then
fitted with a Johnson rigid insuFig. 1053
Pi-lleetion type antenna coupler. All parts Ilfe mQl,Ulted
lated shaft coupling (No. 252).
on a Ptesdwood panel 8% in. by 19 in.

rib
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C3~LI

<,-t

'"P"'-~I

1 ~JOljQ IUQ'-rr--

T;V...:T 0_:",_
o

L2

Fig. 1054 - Diagram of pi.section antenna coupler.
CI-C2 --- 300 ",,,,fds., 0.07.in. spacing (National TMC.
300).
L,-L:!
26 turns No. 14, 2J,i.iD. diameter, 3Yi!.in.long
(National XRI0A form wound full).
Ca --- O.OI.",fd. mica, 5000 volts.

Since the coupling will extend 31'6-inch or so
beyond the stand-off insulators, a ~-inch
clearance hole should be cut in the panel for
each shaft. Alternatively, 31'6-inch thick metal
washers could be used between the panel and
each pillar to extend the pillar so a clearance
hole in the panel would not be required.
Each coil form is supported on 1 H-inch cone
insulators. The two high-voltage blocking condensers Ca are also mounted on pillars from
GS-l stand-off insulators. A copper clip on a
flexible lead connected permanently to one end

of each coil serves to adjust the coil inductance
by short-circuiting turns.
Output connections are made to .th~ two
terminal insulators at the nght, whlle mput
connections are made to the terminals of the
two vultage blocking condensers. When singlewire output is desired, the output terminal
connected to the condenser rotors is grounded
and the coil i.a that side short-circuited ('ompletely by the clip and lead.
Under most circumstances. the components
specified will work satisfactorily with transmitters of 400 or 500 watts input operating at
plate voltages up to 1500. For higher. power,
the condensers should have greater spacmg and
the coils should be wound with No. 12 or larger
wire. Couplers for lower power may be made
up in similar fashion with smaller components
of equal electrical value.
Bibliography
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Power Supply
Rectifiers - Filters - Practical Plate and Filament Supply
for Transmitters and Receivers - Voltage DividersTransmitter Biasing Voltage Supplies - Volt~
age Regulation
WHILE the filaments or heaters of all tubes
except filament-type battery tubes may be
operated directly from a.c. supply, all other
tube electrodes in transmitters and receivers
require pure d.c. potentials to prevent hum or
modulation.
Because of their high initial cost and short
life under heavy current drains, advantage
may be taken of the excellent characteristics
of battery supply with practical economy only
in the case of simple receivers and very lowpower transmitters. (See Chap. 18.)
The pulsating d.c. output of a motor-generator is readily smoothed to satisfactory
limits with a simple filter, but the cost of such
a unit is high and such a rotating mechanism
is usually objectionable in circumstances
under which most amateur installations must
be operated. Wherever commercial a.c. lines
are available, they are invariably used. Even
in cases where an independent supply of any
appreciable power must be furnished, the
engine-driven a.c. generator is usually to be
preferred over other types. For these reasons,
this chapter will deal almost entirely with the
problem of power supply from a 60-cycle a.c.
source. The principles presented may be
applied, with corrections which are mentioned,
to supplies operating from a.c. sources of
frequencies other than 60 cycles.

D.C. from A.C.

To convert the alternatiRg voltage of the
supply line (usually 110 or 220 volts) to an
essentially pure d.c. voltage of the required
level, a transformer-filter system is used. The
transformer steps the voltage up to the desired level, the rectifier converts the a.c. to a
pulsating d.c. voltage and the filter smooths
out the pulsations.
• TERMS AND DEFINITIONS
A half-waoo rectifier tube is a simple diode
consisting of a single plate and cathode.
When two diodes are enclosed in a single
envelope, the tube is called a full-walle rectifier
tube.
A high-vacuum rectifier is one in which the
conduction is purely by means of the electronic
stream.
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A mercury-vapor rectifier is one in which a
small quantity of mercury has been introduced. During operation, the mercury vaporizes and is broken down into positive and
negative ions. The former decrease the normal
resistance of the plate-to-cathode circuit.
I nllerse peak voUage is the peak voltage which
develops between plate and cathode of a
rectifier during the portion of the a.c. cycle
when the tube is not conducting. In singlephase circuits, it is equal to 1.4 times the total
transformer secondary voltage, neglecting
transien ts.
Peak plate current is the maximum instantaneous current passing through the rectifier.
For a given load current, the peak plate current is influenced to a certain extent by the
design of the filter circuit, specifically, the
nature of the filter element immediately following the rectifier.
A choke-input fiUer is one in which a choke
is the first element of the filter following the
rectifier. This choke is termed the input choke.
A condenser-inputfiUer is one in which a condenser is the first elemen t of the filter following
the rectifier. This condenser is termed the
input condenser.
A swinging choke is an input choke which is
designed to increase its inductance with a
decrease in load current within specified limits.
A bleeder resistance is a resistance connected
across the output terminals of a rectifier-filter
system. Its purposes are to discharge the filter
condensers when voltage is removed and to
improve the voltage regulation of the power
supply by providing a minimum load.
V oUage regulation is the ratio of the change
in output voltage of a power-supply unit between no-load and full-load conditions to the
full-load value expressed as a percentage.
Regulation =
No-load voltage - full-load voltage
full-load voltage
(A drop of 1000 to 900 volts means a regUlation
of 100/900 or 11 per cent.)
The small fluctuation in voltage remaining
in the output of a rectifier-filter system is
called the ripple. The ratio of the effective
value of the ripple to the allerage output

Power Supply
voltage

is often

expressed as

percentage

ripple.

When referring to a power supply, the load
circuit is the circuit to which its output i51
connected. The current drawn from the power
supply is called the load current, or simply the
load. The same term is sometimes used to
indicate power furnished to the load circuit by
the power supply. The resistance which the
load represents, or the load resistance is given
by dividing the supply-terminal voltage under
load by the current being drawn by the load.
(In case some confusion may arise, we speak
of light or heavy loads as those drawing light or
heavy currents, or those consuming little or
appreciable power. A high-resistance load is a
light load; a low-resistance load is a heavy
load. The terms minimum load and maximum
load are used in the same sense. Likewise, we
say the load increases as the load resistance
decreases and the load decreases as the load
resistance increases. Load resistance is usually
mentioned specifically when intended.)
Rectifier Circuits -

The Hall-Wave Rectifier

The principles of transformers and rectifiers
are discussed in Chap. 3. Fig. 1101 shows
three typical transformer-rectifier circuits,
the most often used type being shown at (3).
At (1) is a graph representing the alternating
voltage across the secondary terminals of the
transformer. In the circuit of the simple halfwave rectifier of (2), the rectifier tube will pass
current during that half of the a.c. cycle when
the plate end of the transformer is positive in
respect to the other end. During the other half
of the cycle, when the plate end is negative in
respect to the other end, the rectifier will not
pass current and no current wiII flow through
the load as illustrated in the second graph.
This result in an output voltage pulsating in
value but never reversing.

fore rectifier No. 2 passes current to the load,
the return connection again being the centertap. The resulting wave sh!lpe is again shown
at the right.
The Bridge Rectifier

Another type of full-wave rectifier is shown
at (4). Its operation is as follows: When the
upper end of the winding is positive, current
can flow through No.2 to the load, but not
through No. 1. On the return circuit, current
flows through No.3 back to the lower end of
the transformer winding. When the wave
reverses and the lower end of the winding
becomes positive, current flows through No.4
to the load and returns through No.1 to the
upper side of the transformer. The output
wave shape is shown at the right.
Comparison of Rectifier Circuits

With the circuit of (3), the center-tap fullwave rectifier, all of the a.c. wave is utilized
and the amount of power which can be realized
at the load is doubled. In order to maintain
the same output voltage (instantaneous, not
average), as at (2), however, each half of the
transformer secondary must be wound for
the same voltage as that furnished by the
whole winding in (2); or conversely, the total
transformer voltage with the connections
shown in (3) must be twice the desired output
voltage.

The Center-Tap Full-Wave Rectifier

In order to utilize the remaining half of the
wave, two schemes have been devised. At (3) is
shown the "full-wave center-tap" rectifiercircuit, so called because the transformer secondary winding must consist of two equal parts
with a connection brought out from the center.
When the upper end of the winding is positive,
current can flow through rectifier No.1 to the
load; this current cannot pass through rectifier
No.2 because its resistance is infinite to current coming from that direction. The circuit is
completed through the transformer center-tap.
At the same time the lower end of the winding
is negative and no current can flow through
rectifier No.2. When the current reverses,
however, the upper end of the winding is nega-

tive and no current can flow through rectifier
No. I, while the lower end is positi ve and there-

Fig. 1101
Fundamental rectili ..r circuit •. At (1) i.
tbe oonventional representation of Ibe a.c. wave; (2)
.bows a balf-wave rectifier; (3) i. tbe full.wave centertap system, and (4) is \he "hri,lge" rectifier. Tbe output
waveform of eacb type of rectifier is sbown at Ibe rigbt.
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On the other hand, because of the relatively
large gaps in the output of the half-wave
rectifier (2), considerably more filtering is required to provide a pure unvarying output.
The bridge circuit is useful in cases where
the transformer secondary has no center tap
or where it is desired to take advantage of the
full secondary voltage. It must be remembered,
however, that the power output obtainahle
with a given transformer is the same in the
case of either (3) or (4). When the circuit of (4)
is used with a center-tapped transformer, its
current rating must be cut in hall. Four
rectifier elements, instead of two, are required
for this circuit.
• VACUUM-TUBE RECTIFIERS
Practically all rectifiers in use today by amateurs are of the vacuum-tube type. Standard
types are listed in the tuhe tables of Chapter
20 together with their ratings. In the smaller
sizes, the tubes are generally manufactured as
full-wave rectifiers. Tubes for high voltages
are always half-wave rectifiers; two of them
are needed for the center-tap system.

HiAh-Vacuum Rectifier Tubes

The use of tubes of the high-vacuum type by
amateurs is usually confined to power supplies
for receivers and low-power transmitter stages.
The voltage drop through a rectifier of this
type varies with the load current and is higher
than that through a mercury-vapor tube, although certain types of the former with closelyspaced elements also involve a low voltage
drop at moderate currents. High-vacuum
rectifiers are less critical as to operating
temperature than the mercury-vapor types.
All low-voltage high-vacuum types are designed to work at the specified ratings with
either condenser- or choke-input filters. The
relatively high internal resistance of tubes of
this type make them less susceptible to serious
damage from heavy overloads of short duration.

Fig. 1102 - Tbis small unit delivers 480 volts at full.
load current of 130 mao with 0.3% ripple and measured
regulation of 17%. By converting to choke-input filter
by inserting a similar choke between rectifier and preaent filter, the output voltage would be reduced to about
300 volt•. Tbe chassis measures 7 in. by 9 in. by 2 in.
All exposed component terminals are underneath the
cbassis. Filament and plate terminals are brought out
to a 5-prong sooket.
Refer to Circuit A, Fig. 1117
Tr - Combination transformer: Higb-voltage winding
delivering 400 v. r.m.s. each side of center;
Rectifier filament winding. 5v., 3 a.; R.F. filament winding, 6.3 ..... 6 a. (Utab type Y616).
T-Type83.
L - Filter cboke, 10 bys., 175 ma., 100 ohms (Utab
type 4667).
CI-4 pfd •., 600 v •• Electrolytic (Mallory HS691).
C: - 8 "fds., 600 v., Electrolytic (Mallory HS693).
R - 15,000 obms, 25 wattA.
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Mercury-Vapor Rectifiers

While either high-vacuum or mercury-vapor
tubes may be used at low voltages, the mercury-vapor type is today the universal favorite for high voltages. The voltage drop in
these tubes is practically constant at about 15
volts, regardless of the load current, which
makes them more efficient and provides better
voltage regulation than the high-vacuum types.
They are more critical as to operating conditions, however, and more susceptible to per·
manent damage through overloads of short
duration. In operation, tubes of this type may
develop "hash"-type interference to near-by
receivers unless suitable precautions are taken.
While the lower-voltage types are usually
manufactured in the full-wave type and rated
according to r.m.s. plate voltage impressed,
regardless of the type of filter used, the highervoltage types are half-wave rectifiers and are
rated according to inverse peak voltage and
peak plate current as well as average plate
current, and the design of the filter must be
taken into account in determining the safe
maximum operating conditions.
With a properly designed choke-input filter,
the peak plate current may not be much
greater than the load current, while with a
condenser-input filter the peak plate current
may be many times the load current.
While both types of rectifier tubes should be
operated at the rated filament voltage as
measured right at the tube socket, the operating voltage of the mercury-vapor type is
more critical if normal life is to be expected.
When first installed, or after long periods of
idleness, the filament should be turned on for
a period of 10 minutes or so before applying
plate voltage. If the filaments are turned off
during stand-by periods in operating, the

Power Supply
filament voltage should be applied about 15
seconds before the plate voltage.
A

• FILTERS

In addition to the primary function of a filter, which is to smooth out the pulsations of voltage delivered to it by the rectifier, the design
of the filter affects the regulation of the output
voltage and the ratio of rectifier peak plate
current to the load current. A low ratio of peak
rectifier plate current to load current is desirable to assure normal tube life, especially
when high-voltage rectifiers are being operated near maximum rated load currents. Good
voltage regulation is desirable in most transmitter applications, especially in the cases of
self-controlled oscillators and Class-B modulators, although it is of less importance in the
case of crystal oscillators (unless keyed), lowpower amplifier stages and circuits where the
load upon the power supply is more or less
constant. Poor voltage regulation is sometimes
responsible for key clicks. A regulation of 10
per cent or less is considered excellent.
Experience has shown that a ripple percentage of 5 per cent or less will give "pure
d.c." for c.w. telegraphy if the transmitter has
high-frequency stability; for radiotelephony
and self-controlled oscillators, the ripple percentage should be 0.25 per cent or less, while
even a lower percentage of ripple is often found
desirable in receiver and speech-amplifier
service.
The Condenser-Input Filter

The circuit of the condenser-input filter is
shown in Fig. n03A. No simple formulas are
available for computing the ripple with a filter
of this type, but experience has shown that it
will give excellent smoothing if each condenser is 4 to 8 pfds. and if the choke has an
inductance of 20 to 30 hys. Mercury-vapor
tubes which are designed to operate at specified
ratings with condenser input are indicated
in the table of rectifier tubes. With tubes such
as the 866, 866A and 872, the load current
must be kept down to 25 per cent of the rated
peak plate current of a single tube to prevent
exceeding the peak plate-current rating.
Voltage regulation is usually poorer with the
condenser-input filter than with a choke-input
filter, ranging from 15 per cent upwards. The
output voltage with light loads will approach
the peak transformer voltage (1.4 times the
r.m.s. value), dropping to the r.m.s. value, or
somewhat lower, with heavy loads. The comparative high voltage obtained with this system is its advantage over the choke-input
system.
Filter condensers must be rated to withstand the peak transformer voltage.

Fig. 1103-ACondenser-input fil.
Choke.in.
tet'. B
put filter. single lee·
tion. C - Choke. B
input filter, double
eection.

Choke-Input Filters

The circuit of a single-section choke-input
filter is shown in Fig. n03B. A close approximation of the ripple to be expected at the output of the filter is given by the formula:
Single}'
100
Section % Ripple = LC'
Filter
where L is in henrys and C in pfds. From this,
it may be calculated that the product LC must
be equal to or greater than 20 to reduce the
ripple to 5 per cent or less. This figure represents, in most cases, the economical limit for
the single-section filter. Smaller percentages
of ripple are usually most economically obtained with the two-section filter of Fig. nosc.
The ripple percentage with this arrangement is
given by the formula:
Two }
650
s.:ction % Ripple = L L (C
C )2
Filter
1 2
1
2
For a ripple of 0.25 per cent or less, the
denominator should be 2600 or greater.

+

The Input Choke

The maximum rectifier peak plate current,
which in a correctly designed supply occurs
simultaneously with maximum load current,
may be prevented from rising above the peak
rating by the use of a choke-input filter with
an input choke of a certain minimum inductance called the critical inductance. This
inductance in henrys is proportional to the
load resistance in ohms and is given by:
Load resistance,
£..if. =
1000
the load resistance being the total including
the bleeder resistance. This formula gives the
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minimum inductance value which should be
used. An increase ill inductance will cause a
further decrease in the ratio of peak-to-average
plate current, e~pecially up to a point where
the inductance is twice the critical value. This
second value is called the optimum vnlue. The
critical value is inuependent of the filtercircuit constants which follow, whose sole
f unction is the further reduction of ripple.
A choke of critical inductance or greater also
has the desirable effect of greatly improving
the regulation of the output voltage. With less
than the critical value, the filter tends to
assume the characteristics of the condenserinput filter.
The Bleeder Resistance
It has been said that the critical value of inductance varies with the load resistance. The
maintenance of the critical value for loads so
light that the current does not approach the
maximum rated average is not so important
from the standpoint of rectifier-tube peak
plate current, but it is important when the
regulation of the supply is considered. If
good regulation is to be maintained, the supply
must always be connected to a minimum load
which will permit the use of some reasonable
value for critical inductance. This minimum
load is usually provided by the selection of a
suitable value of resistance for the bleeder
which is so important in safeguarding against
the danger of injury from undischarged filter
condensers. The bleeder resistance in ohms
should be not greater than 1000 times the
inductance of the choke in henrys at maximum
swing for best voltage regulation. Where best
regulation is of less importance, the bleeder
resistance may be increased to reduce the
power consumed.
The Swin~in,g Choke
A choke which would provide critical inductance for a reasonably high value of bleeder
resistance and maintain this high inductance
at maximum load would be an expensive item.
In the swinging choke, advantage is taken of
the fact that the critical value of inductance
decreases in proportion to the decrease in
load from the minimum bleeder load to maximum rated load to the supply. The swinging
choke is designed to maintain the critical
value, or a greater value, automati('ally over
some specified range, the inductance falling as
the load is increased.
Since the choice of choke inductance values
is comparatively limited, a choke with a
minimum inductance equal to, or greater than,
the critical value for the maximum load is
usually selected and the bleeder resistance
selected so that the inductance of the choke at
maximum swing is the critical value for the
bleeder load.
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Fllter Output Condenser
If the power-supply unit is to be used to
supply a plate-modulated amplifier the reactance of the power-supply output condenser
should be low (not greater than about 20 per
cent) in comparison to the load resistance at
the lowest audio frequency to be transmitted.
Since a low ripple usually requires a capacity
of at least 4 /Lds. with available standard
chokes, and since the reactance of a capacity
of this value will be low for all but the lowest
load resistances normally encountered, this
value is usuaUy recommended for the output
condenser of a power-supply intended for aUaround use. Low-voltage high-current supplies
require a somewhat higher capacity, 8 /Lfds.
being a popular figure.
25- and 50-Cycle Supply
The filter design data just given are, as previously mentioned, applicable only to fuUwave rectifiers working from a 60-cycle supply
line. For lower frequencies, both inductance
and capacity must be increased in proportion
to the decrease in frequency to maintain the
same reduction in ripple. After following
through the design for 60 cycles, the inductance
and capacity values obtained should both be
multiplied by 2.4 to obtain the values necessary
for 25 cycles; for 50 cycles the multiplying
factor is 1.2. In practice, the 60-cycle design
usually will be found to be usable for 50 cycles
also.
• EXAMPLE OF POWER-SUPPLY DESIGN

As an example, we shall determine the design data for a supply for a pair of RK51's
which, according to rating, require 1500 volts,
150 ma., each, or 300 mao for the pair. The
power supply must have good regulation and a
ripple of less than 0.25 per cent.
1. Total Load Resistance
First, let us assume that the bleeder resistance will draw about 20 per cent of the
external load of 300 mao or 60 mao This means
that the maximum current for which the supply must be rated is 360 rna. This total represents a minimum load resistance of 1500 or
0.36
4166 ohms.
Total load resistance: 4166 ohms.
2. Input Choke
The critical value of the input choke will,
therefore, be

~~~~

== 4.16 henrys, the mini-

mum inductance permissible. We find that we
can purchase a choke swinging from 5 to 25
henrys designed to carry a current of 400 mao
lts resistance is given as 60 ohms.
Input choke: 5-25 hys., 400 ma.,
80 ohms.

Power Supply
Fig. 1104 - Thia unit delivers either 450
or 560 volt. at full-load current of 200 mao
with 0.3% ripple and measured regulation
of 16%. Taps are provided on the trana·
former aecondary for the lower voltage.
The cha..is is 8 in. hy 17 in. hy 2 in. and
the panel 8% in. by 19 in. Only the terminals of tbe filament transformer and
chokes appear above tbe chas.is and these
unite are placed so that there is little danger
of accidental contact. A rubber-tuhing
sleeve shonld be used to protect the exposed high-voltage terminal.
Refer to Circuit B, Fig. 1117
Tn - Secondary: 660 and 550 v. r.m ••.
each side center, 250 mao d.c. rating (Thordarson type T19P55).
Tr2
5 v., 4 a., 1600 v. insulation (Thor.
darson type T63F99).
T-Type 83.
Ll - 5-20 hy •. , 200 ma., 130 ohm. (Thor.
darson type T19C35).
~ - 12 hye., 200 ma., 130 ohms (Thor.
darson type T19C42).
Cl - 2 pfde., 1000 v. (Solar type XC.12).
C2 - 8;tfd•• Electrolytic, 600 v. (Solar ZV .278).
R - 20,000 ohms, 25 watte.

3. Bleeder Resistance
The bleeder resistance should be 1000 X 25
or 25,000 ohms to maintain the correct load
resistance for the choke when the external load
is removed. A 25,000-ohm bleeder draws exactly 60 mao at 1500 volts, so our original estimate was correct. The bleeder power rating is
determined by 1500 X 0.06 = 90 watts. Applying a safety factor we choose:
Bleeder resistance: 25,000 ohms,
150 watts.
4. Output Condenser
The output condenser should have a capacity of 4 /lfds. Approximately 20 per cent
should be added to the d.c. output voltage in
determining the voltage rating of the condenser
to include safety factor, rise in voltage within
the !imits of regulation, surges, accidental
openmg of bleeder, etc. The voltage rating
should therefore be 1.2 X 1500 or 1800 volts.
Since intermediate ratings are seldom found
the 2000-volt rating will be chosen.
'
Output condenser: 4/lfds., 2000'11.
5. Smoothing Choke
For a ripple of 0.25 per cent with a twosection filter, L1L2 (C1 + C2)2 must equal at
least 2600 (see ripple formula). L1 and C2 are
known. We can now select from the manufacturer's list a smoothing choke for 400 mao
A smoothing choke of 10 hys., rated at 400 ma.,
resistance 60 ohms, is obtainable, and we now
have all but Cl.
Smoothing choke: 10 hys., 400 ma.,
60 ohms.
6. First Filter Condenser
So, using the formula, we now have:
(5) (10) (C 1 + 4)1 - 2600
(Cl + 4)1 _ 2()OO _ 52
50

+

C1
4 = square root of 52
7.5
C1 = 7.5 - 4 = 3.5
A second 4-pfd. condenser will be required for
the first filter condenser and the filter design is
complete.

First filter condenser: 4 pfds., 2000 v.
7. Tran8former
We next take the transformer. We want an
output terminal voltage of 1500 d.c. We have
in series with the load 2 chokes with a total
resistance of 120 ohms. At 360 rna., the voltage
drop across these chokes will be 0.36 X 120 or
43 volts. Assuming the use of mercury-vapor
rectifiers, the rectifier drop will be 15 volts
(load being drawn through one tube at a time).
The total drop is, therefore, 58 volts. This must
be added to 1500 to give 1558 volts average.
The r.m.s. value of the required transformer
secondary voltage each side of center tap for a
full-wave rectifier is 1558 X 1.11 or 1730 volts.
The transformer secondary volt-ampere rating may be determined from:
Sec. V-A.

=

Total E ..... X I X 0.75

where E .... is twice the r.m.s. voltage of each
half of the secondary and I is the d.c. output or
average current. In our case,
Sec.V-A.

1730 X 2 X 0.36 X 0.75

=

934 v-a.

Transformer: 900 v-a., 1730 v., r.m.s. each
side of center tap, 360 ma., d.c. or load current.
8. Rectifier Tubes

The peak inverse voltage will be 2 X 1730
X 1.4 or 4850 volts which is well within the
rating of the 866 type. The average current of
360 mao is also well within the average--current
rating of the 866.
Rectifier tubes: type 866

9. Rectifier Filament Transformer
The rectifier fila.ment transformer should
have a secondary rated at 2.5 v., 10 a. and
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should have a tap at the center. The second!l.ry

first cOllt of

winding should be insulated for at least two or
three times the output voltage.

it will last indefinitely if not abused. Poor condensers may work for a time, but eventually
may "blow" and have to be replaced. Failure
of a high-voltage condenser may also mean the
destruction of the rectifier tubes.

Filter Condensers
Two types of filter condensers are commonly available: electrolytic condensers and
condensers using paper as the dielectric. Electrolytic types have the advantage of high
capacity and small physical size. They are relatively inexpensive, but in the present state of
the art are unobtainable for voltages in excess
of 600. " Wet" types of electrolytics will stand
temporary overloads better than the "dry"
type because the leakage, which is characteristic of all electrolytic condensers, will increase.
Either type will be satisfactory for condenserinput filters with transformers delivering not
over 350 volts each side of center tap. Electrolytic condensers can be obtained in various
capacities; 8l'fd. is a popular size.
If the maximum voltage of the power supply
is greater than the rating of a single electrolytic
condenser, two units may be placed in series
to handle the higher voltage.
Electrolytic condensers are suitable for use
only in d.c. circuits, and must be connected
correctly. In the types having a metal container, the container usually is the negative
terminal while the stud terminal is positive.
A popular condenser for series connection is
the double 8 J.lfd. condenser having four leads
the can being insulated from the condenser,
in this case, and the negative leads are usually
black. In any event the polarities are always
plainly marked. Reversing the polarity will
ruin the condenser.
Condensers having a working-voltage rating
equal to the highest output voltage of the
power-supply system (see discussion on condenser-input filters) always should be purchased. Paper condensers can be purchased
with voltage ratings up to 3000 volts and more.
High-voltage condensers of modern design
should be purchased from reputable dealers;
it does not pay to .. economize" by buying a
cheap high-voltage condenser. Although the

• SPECIAL ADAPTATIONS

Figs. 1105, 1106, 1107, 1108 and 1109 show
special power-supply arrangements which may
make it possible to economize in the cost of
apparatus under certain circumstances.
In Fig. 1105 a bridge rectifier is used to obtain the full transformer voltage for a highvoltage stage, while a connection is also
brought out from the center tap to obtain a
second voltage corresponding to half the total
transformer secondary voltage for a driver or
some other purpose.
Ul plus 12, where It is the current drawn
from the high-voltage tap and 12 that drawn
from the low-voltage tap should not exceed

Fig. 11 OS - High.power hridge rec·
tifier circuit delivering two vnltages
prnvided the plate transformer i. cen·
ter.tapped. When the center·tap filter
shown in dotted lin"" io nsed, a tap at
half maximum voltage with good
regulation i. provided. The current
drawn from both taps should not
exceed 500 rna. if 866'0 are uoed or
2500 rna. if 872'8 are used. See text
fnr transformer ratings, etc.
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Filter Chokes
The inductance of a choke will vary with
the current through it and with the value of the
ripple voltage impressed on it in the filter; inductance decreases with increasing direct current and with decreasing ripple voltage. In
purchasing a choke information should be obtained as to its actual smoothing inductance at
full d.c. load current.
Most of the small chokes obtainable from
radio dealers are given a commercial rating of
20 or 30 henrys. This rating is meaningless unless the conditions under which the choke's
inductance was measured are stated. Fortunately the smaller chokes are inexpensive and
usually have enough inductance to work quite
well in condenser-input filters; it is better, however, to buy a choke of good make than to trust
to luck with a cheap, but unknown, product.
It must be realized that the design formulas
given previously are based on actual inductance
under load conditions; an over-rated choke will
nullify the calculations and probably lead to
an entirely different order of performancE'.

IIOV.,AC.

'T"

ll.

--..0

+U'.

Power Supply
11_

3

windinqs for red fihments

83

Fig. 1106 - Duplex plate supply using 83's. Filter
values determined for load to be used across each set of
terminals according to design procedure in text. Transformer must be rated to deliver total current drawn
from both branches.

the d.c. cUI'rent rating of the transformer. The
sum of the currents drawn from the two taps
should not exceed the d.c. rating of the rectifier
tubes. Filter values for each tap should be
computed separately as described previously.
Fig. 1106 shows a similar arrangement using
three type 83 rectifiers.
Fig. 1107 shows how a transformer with
multiple secondary taps may be used to obtain
both high and low voltages simultaneously. A
separate full-wave rectifier is used at each tap.
The filter chokes are placed in the common
negative lead, but separate filter condensers
are required. Here the sum of the currents
drawn from each tap must not exceed the
transformer rating and the chokes must be
rated to carry the total load current. Each
bleeder resistance should have a value in ohms
of 1000 times the maximum rated inductance
in henrys of the swinging choke, Ll for best
regulation.
Fig. 1108 shows the connection of 866's in
parallel in a full-wave rectifier for heavier
currents than may be handled by single tubes.
So far as the rectifier tubes are concerned, the
current rating is doubled and the tubes will
handle 1000 mao with a choke-input filter or
500 rna. with a condenser-input filter. The

resistances in the plate circuits should be no
higher than is necessary to make the tubes
divide the load evenly; 50 to 100 ohms is
usually sufficient.
Transformers and Rectifiers in Series
Under certain circumstances, it is sometimes
possible to reduce the cost of a
high voltage supply by connecting two similar lower voltage
supplies or transformer-rectifier
units in series. Such a circuit is
shown in Fig. 1109. A pair of inexpensive 600 volt, 200 mao transformers and type 83 rectifiers
may be used in this manner to
deliver a d.c. output voltage
through the filter of about 1000 volts. Since the
winding of the transformer on the positive side
is at a higher potential than normal, some care
should be taken to select a transformer with
good insulation. Most transformers of reliable
manufacture will have sufficient insulation, at
least those with output voltage ratings of 600
volts or less each side of center-tap.
Low-Percentalie Voltalie Reliulation
For certain purposes, such as furnishing voltage to operate a self-controlled oscillator at low
power in a transmitter or for the oscillator and
mixer stages in a receiver, a power supply with
voltage regulation as near zero as possible may
be required for maximum frequency stability.
One of the most satisfactory ways of obtaining
this order of regulation is by the use of gaseous
voltage-regulator tubes of the VR type.
These tubes, which are obtainable for several
different voltages, are designed to maintain a
constant voltage drop across the terminals
when connected as shown in the diagrams of
Fig. 1111. This constant voltage drop is maintained because a property of the tube causes its
internal resistance to change in almost exact
inverse proportion to the change in voltage
across it. As the voltage across the tube tends
to increase, its internal resistance decreases,
more current is drawn through the limiting
resistor, Rb and the voltage across the tube is
maintained constant. Conversely, if the voltage across the tube tends to decrease, the

Fig. 1107 - A power-supply circuit in which
a single transformer and set of chokes serve for
different voltages. Chokes and transformer must
be designed to handle total load.
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Fig. 1108 - Using 866'. in parallel to double the
current rating. In this arrangement 866's will deliver
1000 rna. provided the transformer and swinging choke
used will handle the capacity. Note the low resistance
equalizing resistors in the plate leads.

internal resistance increases, less current is
drawn through RI and again the voltage
across the tube remains constant.
The limiting factors involved are the starting voltage, which is the voltage at which the

lie between 5 and 10 rna., depending upon the
type, while the maximum-current rating is 30
rna. for most types. It is the purpose of Rl
to prevent the current from exceeding this
rating. The resistance value to be used for Rl
will depend somewhat upon the nature of the
load current to be drawn from the regulated
tap as well as upon the voltage rating of the
VR tube and the power supply.
In the first case, the regulated tap may be
used to feed a load which varies from zero to
some definite figure, such as the plate circuit
of an e.c.o. which is keyed. With the key
open, the load is zero and the VR tube will
have to consume the entire load. Since this is
limited to a maximum of 30 ma., Rl will have
to have such a value that the drop through it at
30 rna. will equal the difference between the
supply voltage and the voltage rating of the
VR tube. Since a minimum current of 5 to 10
mao is required to maintain operation of the

Fig. 1110 - This supply delivers either
620 or 780 volts at full.load current of
260 rna. with 0.4% ripple and regulation
of 22%. Voltage is changed hy a tap on
the plate· transformer primary winding.
All exposed component terminals are
underneath the chassis. The panel is 8%;
in. hy 17 in. and the chassis 8 in. by 19 in.
by 2 in. A rubber.tubing sleeve should
be used to COver the exposed bigh.vol.
tage terminal.
Refer to Circuit C in Fig. 1117
Tn
925 or 740 v. r.m.s. each side cen·
ter, 300 rna. d.e. (Kenyon T656).
Tr2
2.5 v., 10 a., 2000 v. insulation
(Kenyon type T352).
l' - Taylor 866 jr.
LI
6·19 hys., 300 rna., 125 ohms (Ken.
yon 1'510).
L2 -11 hy •. , 300 ma.,125 ohms (Kenyon
1'166).
Cl
2 J.lfds., 1000 v. (Sprague OT21).
C2 - 4 J.lfds., 1000 v. (Sprague OT41).
R -20,000 ohms, 50 watt ••

tube will start to conduct and which is somewhat higher than the operating voltage; the
minimum current through the tube which will
maintain the circuit through the tube and the
maximum safe current which the tube will
handle.
The voltage of the power supply across
which the tube and limiting resistance are
connected, must be as great or greater than
the starting voltage. The minimum currents
at which the tubes will operate satisfactorily
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VR tube, the plate current of the e.c.o. tube
must not exceed 20 to 25 ma., otherwise, the
VR tube will open-circuit and regulation will
be lost. The VR tube will, in this case, provide
constant voltage with a load current of from
zero to 20 or 25 rna.
In a second case, we may have a continuous
load, such as the screen voltage-divider resistance of the e.c.o. in addition to the intermittent load of the plate and screen currents. In calculating the value of resistance for

Fig. 1109 - Two transformers and rectifiers connected in series to give higher ou!put voltage.

Power Supply
Fig. UUC and D. When connecting tubes in
parallel, it may be necessary to connect equalizing resistances of 50 ohms or so in series with
each tube to obtain even ignition.
When tubes are connected in series, or seriesparallel, low-voltage taps may be taken off
between the VR tubes, if desired, as shown in
the diagramfl.
In operation, these tubes exhibit a bluish or
yellowish glow when the tube is conducting
current, no light of any kind showing when the
tube ceases to conduct.
Another type of regulated power supply is
described in QST for August 1937. In this
system a sharp cut-off pentode is used to
control the drop through a low-resistance
power triode. Those interested are referred to
this article.

RI in this case, the voltage-divider current
should be added to the 30 rna. In this case, the
VR tube provides a constant voltage with a
load-current range extending from the steady
current drawn by the voltage divider to this
value plus 20 or 25 rna. Similarly, Rl should be
calculated for any value of steady current
which is to be drawn from the regulated tap
plus the maximum rated current of the VR
tube.
In a third case, we may have a load current
which is more or less constant, but which may
vary either up or down in value. This applies
to the case of regulated supply for a receiver,
unless the gain control may cause the load
current to change more in one direction than
the other. In cases such as this, and in the case
of compensation for changes in line voltage,
it is best to calculate the dropping resistance
using the normal average current drawn by
the receiver stages operating from the regulated tap plus one-half the rated current of the
VR tube. This will allow more-limited compensation in one direction, but it will take care
of both increases and decreases in load current from the average. Effects of the gain
control may be taken care of by measuring
the normal current to be drawn from the regulated tap with the gain in an intl.'rmediate
position.
When the regulated voltage def'ired is higher
than the voltage of one tube, a tube with a
higher voltage rating may be used, or tubes
may be connected in series as shown in Fig.
lIIB. The power-supply voltage must, of
course, be equal to or greater than the combined starting voltages of the tubes in series.
When the load-current variation exceeds that
which a single tube will handle, tubes may be
connected in parallel, or series-parallel for
higher current and higher voltage as shown in

• FILAMENT SUPPLY
For medium- and high-power r.f. stages of
transmitters, and for high-power audio stages,
it is considered most desirable to use a separate
filament transformer for each section of the
transmitter, installing the transformer near
the tube sockets and feeding the primary lines
instead of the secondary lines through the
interconnecting cables of the transmitter. In
this way, necessity of abnormally large wires
carrying filament power is avoided, and two
small, well-insulated leads may be used to
carry the total filament power for all stages
without appreciable filament voltage drop.
This is very important in large stages with
heavy-current, low-voltage filaments, since a
very small resistance in series with the filament
of the stage may reduce the voltage applied
to a value at which the tube is likely to be damaged. Loss of emission of power tubes is often
caused by under-voltage filament operation,
even for short periods of time.
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Fig. 1111 - Circuit. in which VR tuhes are supply output
used to ohtain essentially constant voltage••
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At B. two tuhes are used in series for greater
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• TRANSMITTER BIAS SUPPLY
Low-voltage power packs make excellent
substitutes for batteries for certain types of
rJ. amplifiers. Not all power packs are suitable.
for the purpose unless provided with an appropriate bleeder resistance. Those packs delivering some value of voltage between the
cut-01'f biasing voltage and the value of bias
required under operating conditions are most
suitable since it is only required that the
bleeder resistance be equal to that normally
used for grid leak in the amplifier.
If the pack delivers a voltage greater than
the required operating value of voltage, the
bleeder must be tapped with the proportions
discussed under Fig. 1112. In either case, no
grid leak should be used in addition to the
bleeder resistance.
Since the biasing voltage varies with grid
current, a supply of the type discussed will be
Fig. 1113 - Circuit of the automatic vac.
uum·tube regulator as applied to a bias· or plate.
supply power pack. RI is the regulator tube's bias
resistor and R2 is the power.pack output voltage
divider. A separate filament winding should be
used for the regulator. A type 45 tube will be satisfactory as the regulator tube.

Bias-Voltage Regulation

To overcome these difficulties, methods have
been devised to provide automatic voltage
regulation so that the voltage of the bias pack
will remain constant with varying grid currents.
A circuit which has been used successfully is
shown in Fig. 1113. The stabilizer consists of
a tube across the output of the power supply in
a self-biasing arrangement. The resistor Hi is
on the order of several megohms, so that at no

]

found somewhat unsatisfactory for biasing
more than one stage because the grid current
for all stages must flow through the same resistance, thus causing some or all stages to be
over-biased. This can be avoided under certain
circumstances by the use of one for more additional voltage-dividers or bleeders for additional stages. This is usually satisfactory only
when the additional bleeders may be of comparatively high resistance and the current

~~~-L----~--f+~~~~·

Fig. 1112
A practical circuit for the .. C" supply.
A single 8·#fd. condenser often will suffice for the filter
but if trial shows that more is needed. a choke and second
condenser. shown in dotted lines. may be added. The
condensers should be rared at 500 volts. especially if
tbe .. C" supply is to be used on a high.power stage
where tbe excitation is likely to be large.
The bias voltage, E., should be approximately that
value whicb will cut off the plate current of the tube
at the plate voltage used (roughly the plate voltage
divided by tbe voltage amplification factor of the
tube). Resistor RI should be equal to tbe grid leak
value ordinarily used with the tube. The required reo
sistance for R. can be found by the formula

RI _E.-E. XRI

E.

wbere E is equal to tbe peak value of the transformer.
rectifier output voltage (r.m.8. voltage of one .ide of
secondary multiplied by 1.4).
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flowing through them Ilmall in GOmp1l.fiBOn to
that in the first resistance.
This simple type of supply will be unsatisfactory in applications where the biasing
voltage must not vary with excitation as in the
cases of Class-B audio and r.r. amplifiers. For
linear output from these types of amplifiers, it
is essential that the bias remain constant under
all degrees of excitation.
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load the tube is biased practically to cut-off.
The output voltage is then the total voltage of
the supply minus the voltage required to bias
the regulator tube to zero plate current. When
current flows back through the regulator tube,
as would happen if the power supply were
being used to bias the grid of a tube which was
being driven positive and was drawing grid
current, the voltage across the regulator tube
will tend to increase. This will cause the voltage
across the biasing resistor, HI, to decrease.
Since the sum of the regulator tube drop and
the drop through Hi must equal the total supply voltage, as the voltage across Ri decreases
the bias on the regulator tube decreases, which
causes the tube plate impedance to decrease so
that the voltage across it tends to remain constant regardless of the current which is flowing
back through it.
As the output voltage is lowered, it may be
seen that it becomes necessary to increase the
number of tubes in parallel to maintain good
regulation, so that at low voltages it would be
preferable to use batteries for bias, rather than
an a.c. supply with this type of regulator.
The value of the resistor Hi is not critical, so
long as it is large enough to maintain the current drawn from the power supply at a very
low value. Any value from a few hundred
thousand ohms up to several megohms is
satisfactory. The voltage divider H2 can have
practically any value, from a few thousand

·Power Supply
-4

Fig. 1114
Circuit diagram of
multiple.stage hias supply.
T, - Universal hias transformertaps delivering 75 to 400
volts, 200 ma. (UTC S.52).
T2-5 v., 2 a.
T3
5 v., 4, a.
L, - 200·ma. choke, 15-20 hys.
C - 8 /-Ifds., 600-volt electrolytic.
Ih - 50,000 ohms.
Rz, Rs, R., Rs
See text.
This pack is designed to take care
of four transmitter stages.

ohms up, as the current drawn is practically
zero.
H additional taps are necessary, a regulator
tube with its separate filament transformer
will be required for each tap.
Multiple-StalJe Bias Supply

Fig. 1114 shows the circuit diagram of a
bias-pack system in which rectifiers are used
to isolate the individual grid resistances for
each transmitter stage. Normal bleeder current
can flow through the rectifier in each branch
and the rectified grid current of any particular
stage flows in the normal manner through its
own resistance but cannot flow through the
other resistances since the other rectifiers are
polarized to prevent any such action.
The resistance to be used between the
biasing tap and the positive terminal should
be equal to the recommended grid-leak resistance for the stage in question (no additional grid leak should be used in the stage).
The total resistance in use between the regulating rectifier plate and the positive terminal
may then be determined by the following
formula:

-3
-2
-I

+

Gaseous-Tube Rellula ted Bias Supply

A biasing system in which advantage is
taken of the regulating properties of the VRtype gaseous tubes is shown in Fig. 1115. Two
cases are shown. In the first case, A, the drop
across the regulator tube or tubes in series
equals or exceeds the maximum cut-off voltage
required by any stage and yet does not
exceed the minimum operating bias for any
stage operating from the supply. In the second
case, B. the maximum cut-off bias required for
a certain stage or stages may exceed the oppr-

-iyE%)
Jr91
Rz

x

,..

X

1'l3

xx

VfI.

A

Total R
where Eo is the output voltage of the pack,
E.,. the bias voltage required for plate-current
cut off of the tube in question with no excitation and Rb is the recommended grid-leak
resistance. E"" is determined approximately
by dividing the plate voltage at which the
stage is to be operated by the amplification
factor of the tube. The short-circuiting tap at
the rectifier plate may be used to adjust for
the desired total resistance.
In practice, the pack output voltage should
be adjusted to a value slightly above that of
the highest required cut-off value. This will
result in the most economical operation of the
pack.

Fig. 1115 - Biasing system minI! VR tubes in wbich
more than one stage may he operated Crom the same
pack. At A is shown tbe circuit for use where tbe cut-off
bias required hy any stage does not exceed the operating
hias oC any stage. B shows the cireuit where the cut-off
hias required hy one stage may exceed the operating
bias of another stage operating ftom the same pack.
R" R. and R5 are the current limiting reoi8to1'l'. while
R2, Ita. R. and R7 are additional grid leak resistances
the values of which may he determined from the text.
The pack supplying tbe vbltage need bave but a small
current capacity and a single 2. or 4-,.{d. condenser
will usually serve as sufficient filter.
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fig. 1116

This unit delivel'll 830,

1060 or 1250 volts at full.load current of
250 rna. Voltages are selected by taps on
the secondary. Uipple is reduced to 0.25%
and regulation ch""ked at 10%. All hisllvoltage terminal. except tbose of the
transformer secondary and tube caps are
underneath the chas8is. The transformer
terminal board is covered with" section
of Ji6.in. steel panel mounted on pillars
at the four cornerS. Insnlating caps are
provided for the tube plate terminals.
A special separable high.voltage safety
tenninal (M iIlen) protect_ the hi~h·volt.
a ge connection. The chassis is 11 in. hy
17 in. by 2 in. and the pauellO% in. hy
19 in.
Refer to \.ircuit C in Fig. 1117
Ttl
1500-1250-1000 v. r.m.s.eacb.ide
center, 300 rna. d.c. (UTe type
S47).
1'<2 - 2.5 v" 10 s., 10.000 v. in.ulution
(UTe type S57).
T-Type866.
L,
5-25 hy •. , 300 rna., 90 obms (UTe
tYl>e S34).

I.2 - 15 hy •. , 300 rna., 90 ohms (UTC

ating bias of other stages operating from the
supply.
In A, sufficient VR tubes in series should be
used to take care of the maximum cut-ofl' bias
required, selecting the proper combination of
VR types. Sufficient parallel tubes or series of

type S33).
C,
2 pfds., 1500 v. (Aerovox Hyvol).
C2 - 4 pfds., 1500 v. (Aerovox Hyvo\).
R - 25,000 ohms, 100 watts.

tubes in parallel should be used to handle the
combined grid currents of all stages at the
rate of 25 rna. per parallel branch. The output voltage of the supply should at least equal
the total starting voltage required by the
tubes in use. RI in ohms should be equal to the
difference between the supply voltage and the
regulator-tube drop divided by 0.005. The
individual grid leaks for each stage, indicated
by R2 and R a, should each have such a value
that the voltage drop across the leak due to
A
grid current when added to the constant regulator-tube drop will equal the operating bias
To 110 II. A.C
required.
In B the same procedure is
followed, except that a separate branch with dropping resistor llIU,;t be used for a stage
01' stages which require an operating bias less than the c utoff bias required for another
stage in the transmitter.
The advantage of this sysT
L,
L,
1/1 hvtilta et<161e
tern!s that the bias supply is
T.'~~ _E/;,ose,//'rmmal reqUIred to handle a very small
"",tip
= c =c
t
CDveredwdhrllbk, amount of power
only the
~I' ~
R
sleeve
. .
r-<>-lbtransmd.ler
Idling currentb of the VR
II
.,.
-= .... '+' - fra;::::::texternol ~Ilbe,. It becomes less .feasible
'I
III caseH where both hIgh cut...
TR
off voltage and high grid rurrent are required.
However, tbe majority of cases may be hallc
dIed with 2 to 4 tubes, while a single tube will
suffice in many <'ases .

II

I

'I 'I

Fig.l117
Circuits for power.supply units sbown in
photographs. References will he found under each
photograph where typical values w~1I he found.
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• POWER-SUPPLY CONSTRUCTION
The wide varieties of rectifying and filtering
equipment available to amateurs, together

Power Supply
with the different classes of service for which
power supplies may be used, make it impossible to show complete constructional details of
supplies covering every possible need. Throughout this chapter will be found photographs,
with lists of typical components, of supplies of
the types most commonly used.
The placement of parts is of importance only
insofar as it affects the angle of safety to the
operator, except in the one or two instances
where reference to placement is made.
Referring to the photographs, standard
male plugs are set in the rear edges of the
chassis for convenience in making connections
with standard extension cords. This leaves no
exposed live male prongs on the extension cord
when disconnected.
In mounting the rectifier sockets, care
should be taken to provide plenty of clearance
between the filament prongs and grounded
metal surfaces. The wiring on the positive Bide
should always be done with specially insulated
high-voltage cable. Where the cable must pass
through the chassis, the holes should be lined
with rubber grommets to prevent chafing.
Remember that the rectifier filament wiring
should be done with high-voltage cable. When
using an exposed high-voltage terminal, such
as a feed-through insulator, it should always
be covered with a tight fitting rubber sleeve
after connection has been made.
Ru.les for Safe Constru.ction

The following rules, taken from the A.R.R.L.
Safety Code should be observed in the construction and installation of power supplies:
Grounds - With chassis construction,
all negative terminals of plate-voltage supplies and positive terminals of bias supplies
should be connected to chassis and to a good
ground. Chassis should he connected to-

Fig. 1119 -

Fig. 1118
Switch arrangement to discharge filter
condensers to guard against possible open bleeder
resistance.

gether and to the rack, frame or cabinet, if
of metal.
With breadboard construction, negative
terminals of plate-voltage supplies and positive terminals of bias supplies should he
connected together and to a good ground.
Cases and Cores- Transformer and choke
cores, cases and other metal work not normally a part of the electrical circuit should
be grounded.
Power Supply Euclosures - Power supplies should be so enclosed or constructed,
or so located, that accidental bodily contact
with power circuits is impossible when adjustments are being made to r.f. or audio
un.its.
Bleeders - A bleeder resistor should be
connected across the d.c. output terlUinais
of each rectified a.c. power supply.

To guard against the very real danger of
shock from the discharge of filter condensers
should the bleeder resistance burn out
without the knowledge of the operator, special relays are now available
which short-circuit the output of the
filter whenever the primary power is
turned off. A switch may be arranged
to accomplish the same purpose as
shown in Fig. 1118. Should neither of
these devices be available, it is always
a good idea to attach a metal prod
with an insulated handle to the chassis with a wire or chain and run this
prod over exposed high-voltage points
before touching anything.

Underneath view of the supply of Fi,. 1116 show.

ing I)I1t-ol1t8 for sub-terminals.

H. V. Leads - High-voltage leads
should be a good grade of hightension wire insulated for at least
two to three times the peak operating voltage.
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Terminals - Exposed terminals and tube
caps should be protected by insulating coverings. Barriers should he placed over exposed transformer terminal hoards
Voltai2e Dividers
A voltage divider is simply a resistance,
connected across the output terminals of a
power supply, which has one or more taps at
appropriate points from which voltages lower
than the power-supply terminal voltage may
be obtained. Although quite an improvement
over the simple series voltage-dropping resistor, the voltage regulation. at the divider
taps is, nevertheless, still poor unless its total
resistance is made very low, consuming considerable power. It is advisable, therefore, to
obtain lower voltages by this method only in
cases when the voltage reduction is fairly small
or in cases where the load drawn from the taps
is fairly constant.
The resistance values required for a voltage
divider may be calculated if the currents to be
drawn from each tap are definitely known. An
example of the calculations follows.
Suppose the voltages desired and the load
currents for each tap have been determined as
shown in Fig. 1120, i.e., 500 volts, 60 mil.. and
350 volts, 30 mil..
To calculate the resistance required between
taps, the voltage divider should be laid off in
sections, as shown in Fig. 1120. Starting from
the negative end, the voltage drop across the
first section will be 350 volts. The drop across
the second section will be 150 volts, bringing
the total voltage between negative and the
second tap to 500 volts. The last resistor section
will have a drop of 500 volts across it. Then,
knowing the current to be drawn at each tap
and the idle current to be bled off through the
lowest resistor section, it is an easy matter to
calculate the resistances required at each section by applying Ohm's Law.
If desired, this voltage-divider may be used
as the bleeder resistance. If previous calculations (see section on bleeder resistance) have
shown that the required bleeder current is 40
rna., this current value should be used in de-

----....--..----<>+1000
"
}j 130""'"1
.soo
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40+.30=
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+350
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~

Fig. 1120 - Voltage divider computations can be
made by plotting tbe voltage drops and current division
in a diagram similar to this one.
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DANGER - HIGH VOLTAGE
IT MUST be realized that the plnte supply
equipment of even a low ... powered transmitter is a potential lethal Dl8chine. It is
ever ready to deal out sudden death to the carele.,s operator .. A number of amateurs, indeed,
have been killed by the output of their power
supplies during the last few years. Many more
have suffered severe- injury. We cannot urge
too strongly the observance of extreDle care in
the handling of power 8upplies and transmitters.

termining the resistance of the first section.
The required resistance is, therefore, equal to:
350
0.04

8750 ohms.

1l0V.,A.C

Fig. 1121- Circuit diagram for receiver power
supplies.
Components for 240.voit., lOO·ma. unit:
C, - 8."fd., SOO·volt electrolytic (Mallory HD683)
C2-Ca - Dual.section 4S0.volt electrolytic, 40 "fd.
per section. One section used for cacb filter
section. (Mallory FPD238).
Lr, L2
IS bys., 100.ma. (UTC R19).
R - IS,OOO obms, 1O.watt.
SL - 6.3·volt signal lamp.
Sw -S.p.s.t. toggle switcb.
T - Type 80 rectifier.
Tr
Combination transformer (UTC R12): S,
S
volt., 3 amp. S, - 6.3 volt., 4 amp. Sa - 37S
volts, r.m.s. eacb side of center tap, 100 rna.
Components for 27S·volt, 200·ma. unit:
C, - 4."fd., 600.volt electrolytic (Mallory HS691).
C2-Ca - Dual.section 450.volt electrolytic, 40 ,.rd. per
section. One section used for each filter sec·
tion. (Mallory FPD238).
L" 14
20 bys., 200 mao (Stancor Cl646).
R - 20,000 ohm .. 10·watt.
SL - 6.3.volt signal lamp.
Sw
S.p.s.t. toggle switch.
T - Type 5Z3 rectifier.
Tr
Combination transformer (Stan cor PSOS9): S, S volt.. 3 amp. S. - 6.3 volt., S amp. Sa340 volts r.m ••• eacb side of center tap,200 mao

The second section has the 30 rna. for the
second tap in addition to the 40 rna. idle current flowing through it, therefore the resistance
required is
150
0.07

2150 ohms (app.).

In the third (upper) section, the current becomes 60 mil.. plus the 70 mil.. already flowing

Power Supply
Fig. 1122
Two typical receiver
power supplies. The small 100 mao supply
i. assemhled on a chassis 5 in. hy 10 in.
hy 3 in., while the larger 200.ma. supply
is huilt on a chassis 6 in. hy 14 in. by
3 in. The cOVers protect the equipment
against damage and add to the appearance.

through the section below, a total of 130 mao
The resistance value is
500
0.13

3850 ohms.

The total resistance of the divider is therefore 14,750 ohms, safely below the value necessary to maintain constant output voltage when
the tubes are not drawing current from the
power supply. This will increase the no-load
bleeder current, but will not affect the operation of the power supply under full load. In the
above example, the no-load resistor current
will be
1000
14,750

63.5 mao

Under no-load conditions the voltage across
each resistor will be proportional to its indio
vidual resistance compared to the total resistance. The drop across the lower section
would be

8750
14,750 X 1000 = 600 volts (app.).
The drop across the middle section is
2150
14,750 X 1000 = 150 volts (app.).
Across the ~pper section
3850
14,750 X 1000 = 250 volts (app.).
The output voltages will be correct only
when the load currents used in the calculations
are drawn.
The power dissipated by each resistor may
be calculated by mUltiplying the voltage drop
across it by the current flowing through it.
This should be done for both no-load and fullload conditions, and a resistor selected having
a rating well above that of the higher of the
two values. It may not be possible to get stock
resistors of the exact resistance calculated, in
which case the nearest available size usually
will be satisfactory. Semi-variable resistors

Fig. 1123 - This unit delivers 1500 or 1250
volts at full·load current of 425 rna., with
0.25% ripple and regulation oflO%. Voltages
are selected by taps on tbe secondary. Tbe
secondary terminal board is covered with
a section of steel panel Bupported by brackets
fastened underneath the core clamps and
insulatin g caps are provided for the tube
plate terminals. A special safety terminal
(Millen) i8 "sed for the positive bigh.voltage
connection. The panel is 10)1 in. hy 19 in.
and the chassis 13 in. by 17 in. by 2 in.
Refer to Circnit C in Fig. 1117
Trl
1820-1520 v. r.m.s. each side center.
500 rna. d.c. (Stancor typc P6157).
Tr2 - 2.5 v., 10 a., 10,000 V. insulation
(Stancor type P3025).
T-Type 866.
LI - 5-20 hys., 500 rna., 75 ohms (Stancor
C1405).
L. - 8 hya., 500 rna., 75 ohms (Stancor
C1415).
Cl, ~ - 4, I'fds., 2000 v. (C·D type
TJU20040).
R - 20,000 ohms. 150 watts.
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instead of 40 ma., for instance, will work out to
a total resistance of approximately 25,000
ohms in the illustration above.
The method may be extended to a greater
number of taps, and is equally applicable to
the calculation of voltage dividers for receivers.
Receiver Power Supplies

Fig. 1124 - This unit delivers 2025 and 2480 volte
at full-load current of 450 rna. with a ripple of 0.5%
and regulation of 19%. Voltages are selected by taps
on the secondary. All exposed high-voltage terminals
are covered with Sprague rubber safety terminal caps
and the tube plate terminals with moulded caps.
Tbe rectifier tubes are spaced away from the plate
transformer to avoid induction troubles. The panel is
14 in. by 19 in. and the chassis 13 in. by 17 in. by 2 in.
The exposed high-voltage terminal should be covered
with a rubber.tubing sleeve.
Refer to Circuit C, l"ig. 1117
Tn - 3000-2450 v. r.m.s. each side of center, 500 rna.
d.e. (Thordarson type T19P68).
Tr2 - 2.5 v., 10 a., 10,000 v. insulation (Thordarson
type T64F33).
T-Type 866.
L.
5-20 hys., 500 rna., 75 ohms (Thordarson type
T19C38).
Lz
12 hy•. , 500 rna., 75 ohms (Thordarson type
T19C45).
C. -1 pId., 2500 v. (G.E. Pyranol).
C2 - 4 pId •. , 2500 v. (G.E. Pyranol).
50,000 ohms, 200 watts.
R
NOTE. Regulation may be improved by use of
lower bleeder resistance at some sacrifice in maximum
load current.

having sliding contacts, so that any desired resistance value may be selected, can be used if
more exact adjustment of voltage is required.
In case it is desired to have the bleeder resistance total to a predetermined value
for
instance, if the bleeder in the illustration above
is to total 25,000 ohms instead of the calculated value of 14,750 ohms - the same method
of calculation may be followed, but different
values of idle current should be tried until the
correct result is found. An idle current of 20
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The design of power supplies for receivers is
similar to that for transmitters, although the
requirements differ somewhat. While the
power output is small compared to that required for most transmitters, the degree of
filtering required is greater if hum is to be
avoided. The high degree of voltage regUlation
required for high-stability receivers is best
obtained by special means, such as the use of
voltage-regulator tubes which are usually
incorporated in the receiver itself rather than
in the power supply. (See Fig. 1111.)
A typical receiver power-supply diagram is
shown in Fig. 1121 together with suitable
values for 100- and 200·ma. supplies. These
units are pictures in Fig. 1122.
Line-Volta~e

Adjustment

Since the voltage of the line from which the
amateur operates his equipment is seldom constant from day to day or day to night, it is
often difficult, particularly in small towns or
poorly serviced areas, to maintain proper
input voltage to the various transformers in
the transmitter. While this is usually not of
great consequence so far as the plate transformers are concerned, the variation is sometimes great enough to have a serious effect
upon the filaments of the tubes, causing short
life. Several manufacturers are now producing
multi-tapped line transformers which are designed to be placed between the power line
and the transformers. By means of the various
taps, the secondary voltage of each individual
transformer may be set at the proper value.
Then, by adjusting the primary tap of the
line transformer, all transformers may be
corrected simultaneously whenever the line
voltage varies appreciably. A small toy stepdown transformer delivering 5 to 25 volts may
be used for the same purpose by connecting
its primary in parallel with the line and its
secondary in series with the line. When the
secondary is connected in one direction, the
transformer voltage will buck the line voltage,
while it will add to the line voltage when connected in the opposite direction.

Construction of Modulation Equipment
Speech Amplifiers Grid and Cathode 1~lodulators
Compression - Class-B 1l1odulators
ALTHOUGH the arrangement of components
is less critical in audio than in r.f. equipment.
certain principles must be observed to avoid
difficulties.
The audio units for small transmitters can
be built up bread-board style, but a metal
chassis foundation is preferable for a permauent job. Present practice tends toward unit
cunstruction on metal chassis, with rack
muunting. Shielding is important where highgain audio systems are used, as it is especially
important to keep r.f. from overloading the
low-level grid circuits. When two or more
stages of speech amplification are used, particular care must be taken to prevent motorboating and distortion resulting from interstage feed-back. Coupling transformers should
be isolated from each other or placed for minimum action between their magnetie fields.
Proper positions can be determined by turning
the transformers, one with respect to the
others, until minimum hum or instability is
obtained with the unit in operation at full
gain. It is advisable to keep modulation chokes
and transformers well away from other audio
equipment because the strong magnetic field
about the high-level audio unit is likely to cause
trouble. Transformer cases should be grounded.
Mierophone cables should be ~hielded and
the shield should be connected to ground. It is

Fig. 1201
A 4·watt modulator and power supply
with provision for regulating the output voltage to he
fed to the modulated stage. The switch turn. on the

plate power and the microphone batter), and the jack
is for single.button microphone input.

Volume

generally good practice to shield the high-gain
input circuit separately and keep it away from
the high-level audio and r.f. sections of the
transmitter. A speech-input amplifier located
some distance from the modulator it drives
preferably should be coupled by a step-down
transformer (tube-to-line) in its output,
through a twisted-pair to a line-to-tube step-up
transformer into the higher-level audio circuit.
Such an. impedance matching combination is
especially recommended 'with high-impedance
microphones which require short leads to the
first audio stage or pre-amplifier. Interconnecting leads and cables should be thoroughly
shielded and the shields grounded. Radio-h'equeney chokes may be necessary between
modulator and modulated amplifier in supply
leads.
The term" modulator" is generally reserved
for the amplifier stage which actually causes
the r.f. output of the modulated amplifier to
be varied, lInd ,. speech amplifier" for the succession of stages preceding the last. However,
the modulator for a low-power transmitter
may be the last speech-amplifier stage for the
high-power set. For instance, an amplifier may
have an audio output of 20 watts; the output
could be used to plate-modulate an r.f. amplifier with 40 watts input, or to cathode-modulate an rJ. input depending upon the olJerating
conditions ehosen, or to grid-modulate a highpower r.f. amplifier. In all these cases the last
stage of the amplifier would be termed the
modulator. Alternatively, the amplifier could
be used to drive a Class-B audio amplifier for
high-power plate modulation, in which eabe the
~ame stage would be considered part of the
speeeh amplifier. Thus any of the speechamplifier unit~ to be described may be used as
modulators in the different types of service
for which they have sufficient audio output, or
as drivers for still higher-power Class-B
modulators. The only difference in construction is that an output transformer 1iuitable for
the purpose must be used in each case.
The units shown in this chapter have been
designed to obtain the required output as
simply and economieally as possible while
observing good design principles.
• A SINGLE· TUBE MODULATOR
'rhe modulator (and power supply) pictured
in Figs. 1201 and 1203 is about as simple ItS one
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can be made. It is designed especially
for use with small u.h.f. transmitters
and will deliver up to 4 watts of audio
power, which is capable of modulating
a transmitter with up to 8 watts input
to the modulated stage. As can be seen
from the circuit diagram, Fig. 1202, it
uses a single-button microphone transformer for coupling the microphone to
the grid of the 6Ft) modulator tube,
and a universal output transformer
allows matehing the tube to any
reasonable load. The proper taps on
the transformer can be found from the
chart supplied with the output transformer, '1'2. The proper load for the
6F6 is 7000 ohms.
Fig. 1203 - This view under the chassis of the modulator and
No provision is made for controll- power supply shows how the filter chokes are mounted under the
ing the gain of the modulator, so it plate transformer and the microphoue transformer i!6 numnted
must be controlled by the voltage under the 6F6 ami output transformer. The three filter eondensers
are Dlounted upright. A 75,OOO-ohm 2-watt hleeder rCf'l!';tor (not
used in the mierophone circuit. Us- shown
in the diagram) should he connected aeross the output of the
ually 1:-'2 volts will be !mfficient for filter (C3. C4) if the VR-I50 is not used. Wires to the nO-volt line
up to 1 Yz watts output with a good and to the microphone battery are brought out at the rear of the
microphone, while 3 or 4,\1 volts chassis through ruhber grommets.
may be necessary for full output from
the modulator. If the gain is to be decreased If the stage being modulated takes no more
below that obtainable with 1 Yz volts in the than 8 or 9 watts, its power can be supplied by
this unit. If a self-excited oscillator is being
used, such as the "pot" oscillator described
in Chapter 29, the use of the VR-150 regulator
tube gives more stable operation and a steadier
earrier. However, its use limits the voltage to
150 on the oscillator, and if a non-regulated
supply can be used, the VR-150 tube can be
removed Jrom its socket and the resistor R2
can be shorted .

Fig. 1202 - A 4·watt modulator and associated
power supply.
C, - 25."fd. 25.volt electrolytic_ C1>l0t necessary if
adequate gain can be obtained without it.)
Cz, C3, C4 - 8."fd. 450-volt tubular electrolytic.
RI
350 ohms, In·watt.
Hz - 3000 ohms, IO·watt wirewound.
S1 - D.p .•. t. toggle switch.
T1 - S.h. or d.b. microphone to single
grid (T .23A57).
T2 - Universal modulation transformer,
12 watts (UTC S-18).
1'3
700·volt 90·ma. c.t. with 6.3· and
5.volt windings (T.13R13).
Ch, -- 9·henry 85·ma. choke (T·13C29).
Chz -15·henry 85·ma. choke (T ·68C07).
All transformers and chokes Thordar·

• ECONOMICAL SPEECH AMPLIFIER
AND 3-WATT OUTPUT STAGE
The amplifier of Fig. 1204 is designed for use
'I'.-ith crystal and velocity microphones or for
carbon single- and double-button microphones,
depending upon the circuit chosen. It may be
used for grid-modulating r.f. amplifiers of 250
watts input or less. It is also suitable for driving a Class-B modulator whose grid driving
power requirements are less t.han 3 watts.

son except T2~

microphone circuit, the cathode
condenser, C1, can be removed.
The power supply built with the
modulator is convenient to use.
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Relay.rack mounting amplifier with 3.watt output.

Construction of Modulation Equipment
6SJ7

Fig. 1205 - Circuits of the 3.watt
speech unit.
C,
5·,Jd. electrolytic, 25.volt.
Co
O.OS."fd. paper, 600-volt.
C3 - 8.,Jd. electrolytic, 425.volt.
O.OI.,Jd. paper, 6OO.volt.
C5 - 5.,Jd. electrolytic, 2S.volt.
C. - O.Ol.,Jd. paper, 600.volt.
C1 - 2S."fd. electrolytic, SO·volt wkg.
R,
5.megohm, I·watt carbon.
R. ---I700.ohm, I.watt carbon.
Rs - 2.5-megOhm, I·watt carbon.
R. ·-O.S.mcgobm, I.watt carbon.
Rs 50,OOO-obm, I-watt carhon.
R6 - O.5.megohm potentiometer.
R1
4S00-Ohm, I-watt carhon.
Rs, Ro
O.5-megohm, I-watt carbon.
RIO - SO.ohm center.tapped.
RII
800-obm, IO·watt adj.
1, - 2.wire jack.
12 - 2. Or 3·wire jack for s.b. or d.b. mike.
Tl - Center.tapped output transformer
(Thordarson T -67M 74 with pri·
mary and secondary reversed. see
text).
T2 - S.h. or d.b. carhon mike transformer.
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The amplifier is constructed on a standard
black-crackle chassis 17 inches long, 4 inches
deep, and 3 inches high. Tubes and output
transformer, instead of being placed in the
conventional arrangement on top of the chassis, are mounted on the rear flange, while the
front flange is screwed against the back of
mounting panel as in ordinary chassiscpanel
units. With this layout, a 3Y:;-inch relay-rack
panel is adequate, and rack-space compactness
results.
The grid-modulation output transformer
shown is designed to couple the plates of pushpull 2A3 tubes to the grid bias circuit of an
d. amplifier. In this application, the windings
of the transformer are reversed, so that thc
two-terminal winding ill connected in the plate
circuit of the 6B4G amplifier tube, and the
center;tapped winding is available as an output

Fig. 1207 - A low-cost speech.amplifier or lowpower modulator with a maximum audio output of 20
watt•. The 65J7 i. in the left near corner of the chassis.
witb the 6J5 to its right, just above tbe volume control.

winding. Half of this winding (the portion
between either end and the center tap) may be
connected in an r.f. amplifier grid- or suppressor-bias circuit for modulator
use, or the full winding with
center tap may be used as a
Class-B input winding, with
connection direct to the grids
of tubes such as 809'8 or
TZ20's.

Fig. 1206 - The bottom view shows the tube. and transformer-mounting
uacd in the ;I.watt amplifier.

• A 20-WATT SPEECH
AMPLIFIER OR MODULATOR
The amplifier shown in
Figs. 1207-1209 will deliver
audio power outputs up to
20 watts (from the output
transformer secondary) with
ample gain for ordinary com-
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munications-type crystal microphones. ClassAB 6L6's are used in the output stage, preceded
bv a 6J5 and 6SJ7.
. The unit is built on a 5 by 10 by 3 inch
chassis, with the parts arranged as shown in
the photographs. About the only constructional precaution necessary is to keep the lead
from the microphone socket (a jack may be
used instead of the screw-on type if desired)
short, and to shield thoroughly the input
cireuit to the grid of the 6SJ7. This shielding is
necessary to reduce hum. In this amplifier, the
6S.J7 grid resistor, Rl, is enclosed with -the
microphone lead in a length of large-size
spaghetti tubing which also covers the grid pin
on the tube socket. A piece of grounded shield
braid is slipped over the spaghetti.
To realize maximum power output, the" B"
supply should be capable of delivering about
140 rna. at 360 volts. If an output of 12 or 13
watts will be sufficient, Rg and RIO may be
omitted and all tubes fed directly from a "B"
supply giving 270 volts at approximately 175
rna.
The output transformer shown is a universal
modulation type suitable for coupling into the
plate circuit of a low-power r.f. amplifier (input
40 watts maximum for 100 per cent modulation) for plate modulation. For cathode modulation, the r.f. input power that can be modulated may be determined from the data in
Chapter 6. The amplifier may also be used
for grid-bias modulation with the transformer
specified.
If the unit is to be used to drive a Class-B
modulator it is recommended that the Class-B
tubes be of the zero-bias type rather than
types requiring fixed bias. A suitable output

Fig. 1209
Bottom view of the 20·watt amplifier.
The most important constructional Twint i8 complete
shielding of the microphone input cireuit to the grid of
the 6517 first amplifier.

transformer must be substituted for this purpose; information may be found in transformer
manufacturers' catalogs.
The frequency response of the amplifier is
ample for the range of frequencies encountered
in voice communication. It may be extended
for reproduction of music by using higherpriced audio transformers.
• A 40·WATT OUTPUT SPEECH AMPLI·
FIER OR MODULATOR
The 40-watt amplifier shown in Figs. 12101212 resembles in many respects the 20-watt
amplifier just described. To obtain the higher
output, however, it is necessary to drive the
6L6's in the grid current region, so that a driver
stage capable of furnishing sufficient power is
required. A pair of 6J5's in push-pull is used
for thi~ purpose, inserted between the 6J5
single stage and the 6L6's. Decoupling is pro-

All Ntrs

N1rrl

-8

Fig. 1208

Ct,
Ca C4 Cs,
Rl -

R2

+360

Speech amplifier circuit for power outputs up to 20 watts.
C2 20·l'fd. electrolytic, 50.
It. --2 megohm., ~.watl.
Tl - Iuterstage audio, single plate
volt.
R4 - 0.5 megohms, ~.watt.
to p.p, grids, ratio 3:1
O.I'l'fd. paper.
Rs
50,000 ohms, ~-watt.
(Thordarson T.57A41).
O.Ol.,Jd. paper.
R.
I.megohm volum.. control.
T2 - Output transformer, depending
C.
8-l'fd. electrolytic, 450·
R7 1500 ohms, I-watt.
on requirements. A multi.
volt.
Rs - 250 ohms. 10-watt.
tap modulation transformer
5 megohms, Y:j·watt.
R. - 2000 ohms. 10·watt.
(Thordarson T .19MI4) is
RIO
20,000 ohms, 25.watt.
shown.
1400 ohms, ~·watt.
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plifier has ample gain for crystal microphones.
This unit may be used to platemodulate 80 watts inpui to an r.r. amplifier. For cathode modulation, the
input which can be modulated will depend upon the type of operation chosen,
as described in Chapter 6; with 55%
plate efficiency in the d. stage, for
instance, the input may be of the order
of 200 watts, making an allowance for
a small amount of audio power taken
by the grid circuit.
A high-power Clase-B modulator can
be driven by the unit; data on suitable
modulator tubes can be found in
Chapter 6. Zero-bias tubes should be
used because they present a more constant load to the 6L6's than do relaFiS. 1210 - A 40.watt speech amplifier or modulator of inu·
I
lifi'
f
b
peusive construction. The 65J7 and first 6J5 are at the front. near tively- ow amp' cation actor tu es
the microphone sooket and volume control, respectively. T. is just which require fixed bias for Clase-B
behind them, and the push.pull 6JS'8 are at the rear of the chassil
behind T •• TI, the 6L6'8, and Ta follow in order to the right.

Mic

l
tUG

All /ltrs.

r~

63v

-B

-ZZ,5

+3&0

tC

FiS. 1211 - Circuit diagram of the 40.watt speech amplifier.modulator.
C. - O.I.Jd. paper.
Ra - 50,000 Ohm8, ~.watt.
(Thordauon T57A41).
CI- O.OI.Jd. paper.
Ro - l.megohm volume control.
T. - Driver, p.p. 6J5'8 to 6L6'8
R7 -1500 ohms, l.watt.
Clas8 AB2 (Thordarson
Ca - 20·Jd. electrolytic, SO·volt.
C., 05, C. - 8·l'fd. electrolytic,
Rs - 750 ohms, l.watt.
T84DS9).
450.volt.
Rg - 12,000 ohms, l.watt.
Ta - Output transformer, dependinl
R. - 5 megohm •• J1l.watt.
RIO - 20,000 ohm•• 25.watt.
on requirements. A multi.
R2 - 500 ohms, ~·watt.
RIl - 1500 ohms, 10·watt.
tap modulation transformer
Ra - 0.3 megohm, ~.watt.
T. - Intentage audio, single plate
(Thordarson TI9MlS) is
R, - 0.1 megohm. J1l.watt.
to p.p. grids. 3:1 ratio
shown.

vided (Rv and CD) to prevent motorboating because
of the higher gain.
A 6 by 14 by 3-inch chassis
is used for the 40-watt amplifier. The photographs
show the arrangement of
parts. As in the case of the
20-we.ttunit,completeshielding of the microphone input
circuit is essential. The amF:£,. 1212 - Underneath the
ehauis of the 4O.watt amplifier.

5hieldinl of the input eireuit it
n_ory to minimise hum.
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operation. A suitable Class-B driver
transformer must be substituted Cor the
universal modulation transformer shown .
• A 2A3 SPEECH AMPLIFIER WITH
NEGATIVE FEEDBACK

Ideally, a Class-B modulator should
be driven by an amplifier having exceptionally good voltage regulation to minimize distortion. The most suitable tubes
for such an amplifier are power triodes
with low plate resistance such as the
2A3, 6A3, 6B4G and 6A5G..Further reduction in effective plate resistance can
be brought about by using negative feedback in the amplifier. For average amateur work the 6L6 amplifiers just described will give satisfactory results,
when operated well within their capabilities, especially with zero bias Class-B

6J7

Fig. 1213 -- Fifteen-watt speech.amplifier or driver for use
with either erystal or double·button carbon microphone•.

"'5

E.C5
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••3Y.
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+200
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Fig. 1214 -- Circuit diagram of the I5.watt speech amplifier.

RI, lli - 200 ohms,

~-watt.

Ra -1000 ohms, ~-watt.
R. -- 1 megohm, ~.watt.
R& - 0.2S megohm, ~.watt.
R8 -- 50,000 ohms, ,\1.watt.
R7 -- O. 25 ·megohm voI ume controL
R8 - 2000 ohms, ,\1.watt.
R9 -- 50,000 ohms, l·watt.
RIo
10,000 ohms, ,\1.watt.

Rll - 500 ohms, 1 watt.
RlJI- 5 megohms, *watt.
RIB - 0.2S megohm, ~.watt.
Cl -- O.I-pEd. paper.
Cs - O.OI'pfd.
paper, 4OO-volt.
...,,,
"'0 I
Ca -- 0 . I ·,..u.
paper, '*" -TO t.
c. -- IS-pfd. electrolytic, 2S.v?lt.
Cs -- 5.pEd., 25.volt electrolytic.
C6 - O.I.pEd. paper, 400.volt.

Fig. 1215 -- A view underneath the chassis of the I5.watt speech
unit.
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CT, Cs - 8·pfd. electrolytic, 450_
volt.
Tl -- Interstagc audio,. single plate
ush •p ull gnds (Kenyon
T
Int)'
d'
I
2 -erstage au 10, p.p. pates
to Class.AB grids (Kenyon
T .256).
Ta - Output, Class.AB plates to
line (Kenyon T.301).

TJ2

tubes. However, somewhat lower
distortion and higher fidelity can
be secured by using an amplifier
of the type illustrated in Figs.
1213-1215. which uses push-pull
2A3's in the output stage and incorporates negative feedback in
the circuit.
The microphone input circuit is
arranged so that either crystal or
double-button carbon microphones can be used, and the gain
is such that the full output is developed with a peak voltage of less
than 0.002 volts applied to the first

Construction of Modulation Equipment
inches. In Fig. 1213, the tube at the
leftaiongthefrontedge of the chassis
is the 6J7, followed by the first 6C5.
The single-tube to push-pull transformer, T I , is behind this tube; to
its right are the push-pull 6C5's,
thenT2, the 2A3's, and the tubeto-line transformer, Ta. The gain
control, R7, is at the left end of the
front edge of the chassis. On the
left edge are the jack for a crystal
microphone and the switch, S, to
change the input from crystal to
double-button carbon.
The general layout of parts
underneath the speech-amplifier
chassis is shown in Fig. 1215.
For carbon-microphone input,
resistors are connected across the
microphone as a load, rather than
the customary transformer. The
Pig. 1216 - Speeeh amplifier employing volume compression and high gain of the amplifier permits
audio filter. Controls, left to right, are filter response switch, time delay dispensing with the voltage stepcontrol, gain control, compressor control.
up provided by the mierophone
transformer. The mierophone battube. The circuit diagram is given in Fig. 1214. tery voltage should be adjusted to give the
The amplifier is built on a standard chassis button eurrent recommended by the manu(with cover) measuring 5 by 13Y2 by 2Y2 facturer of the microphone.

Fig. 1217 - Circuit diagram of speech amplifier with audio filter and compression.
CI, Ca, C12, Cn, C20
10'l'fd. 25.
R. - O.S·megohm, 72·watt.
R31 - 200 ohms, I·watt.
volt electrolytic.
40,000 ohms,
R5, Rg, R20, R2.
Ra2 - 25,000 ohms, I.watt.
C" Ca, Ce, Cg, CIS, C21
O.I'l'fd.
72·wa tt.
Raa - 60,000 ohms, 1O,watt.
400.volt paper.
Re -1000 ohms, l.watt.
SW - 3.circuit, 4.poiut switch
C" Cs, Cu, CI6, Cu, Cu - 4.,.fd.
Rs, Rll - 0.3.megohm, 72.watt.
(Mallory.Yadey 3234J).
350·volt electrolytic.
RIB, RIO - 1.0.megohm potentiom.
F - LoW" high. and band-pas.
C7, ClI, C15 - 0.05.,.fd. 400·yolt
eter.
paper.
R17, Ru - O.l.megohm, 72,watt.
audio filter (UTC VT.I0).
CI0, Cia...,.. 0.25.,.fd. 200.volt paper.
R18 - 20,000 ohms, ,72-watt.
T - 700.volt 120·ma. power trans.
Cn - Dual a'l'fd. 450.Yolt e1ec.
R22 - 75,000 ohms, 72·watt.
former with 6.3·yolt with
trolytic.
R2s - 1750 ohms, 72·watt.
3.5 amp. heater windin g
C,. - 4."fd. 450.volt electrolytic.
R25 -12,000 ohms, I.watt.
(Thordarson T.I3R14).
Rl, R7, RlO, R12, Rl4, R2!
1·
R26 - 13,000 ohms, l.watt.
LIo L2 -lO.henry, 110.ma. filter
megohm, ~.watt.
R27
15,000 ohms, 72·watt.
chokes (Thordar80u T'
R2, Rle -1250 ohms, Y2.watt.
R,8 - 2000 ohms, >i.watt.
Ra - 2.megohm, ~.watt.
fu9, Rao - 60,000 ohms, ~.watt.
57C53).
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Fig. 1218
Bottom view of
amplifier with COIDJlreS8or and
filter. Although crowded, components most likely to require
replaeement or adjustment are

reasonably

accessible.

Plng·in

Connectors are providt~d for a~c.
8upply~ output, mixer input, and

microphone ..

• SIDE-BAND LIMITING AND COMPRESSION

in the average effective power of the transmitter with which it is used.
The customary high-gain pentode input
stage is followed by a 6L7 (or the non-microphonie 1612) which is used as the variablegain amplifier. D.c. voltage from the 6SJ7-6H6
side amplifier and rectifier combination biases
the 6L7 increasingly negative as the signal
rises, reducing its gain. The degree of compression is controlled by Ria; it is independent of
the actual gain control, R14.
The use of an oscilloscope in adjusting the
compressor is strongly advised, in order to
avoid operation in regions where distortion
occurs. Gain and compression controls should
be adjusted Simultaneously until maximum
limiting occurs at the 100 per cent modulation
point with full input. The time-delay control,
R12, can then be adjusted to give the smallest
delay possible without introducing distortion.
Following the 6L7 is a 6N7, which serves
both as a mixer and as input to the audio filter.
The mixer channel can be connected to the
receiver output or other signal source for retransmission or separate pick-up, as desired.
The filter is connected into the eircuit hy means
of a 4-point switch, with the following positions: 1, low-pass; 2, high-pass; 3, band-puss;
4, full-pass. Thus the transmitter quality can
be adjusted to the transmission conditions
encountered.
As shown, a 6C5 is used to drive a single 6L6.
The 6IJ6 cathode resistor is unby-pussed to
make the amplifier slightly degenerative. This
arrangement provides a power output of about
6.5 watts with reasonably-low distortion, or
enough to drive the average modulator of 100250 audio watts capability. Alternatively, the
6C5 could be operated into a tube-to-line
transformer to supply push-pull 2A3's or
6L6's as drivers in a separate driver-modulator
combination.

In voice work it is not only necessary that
the signal be reasonably strong at the receiving
point, but its modulation must be intelligible.
Maximum efficiency in terms of intelligibility
can be achieved by a high average modulation
level and by concentrating the speech energy
in those frequeneies which contribute most
to articul a tion.
The average modulation level can be increased without objectionable overmodulation
by giving the amplifier a gain characteristic
such that the modulation percentage is higher
than normal for low inputs and flattens off for
peaks. This is accomplished by using a side
amplifier and diode rectifier, the varying d.c.
output of which is used to bias a remote cut-off
pentagrid amplifier, thus changing its gain in
inverse proportion to the input signal strength.
Concentration of speech energy for most
efficient transmission can be accomplished by
the use of low-, high- and band-pass a.f. filters.
The frequencies below about 300 cycles have a
larger proportionate energy content than those
above, yet do not contribute appreciably to
intelligibility (not to be confused with naturalness). Their elimination allows more energy to
be used for the remaining frequencies before
overmodulation occurs. Hum is also reduced.
Elimination of frequencies above about 3000
cydes takes out hiss and sibilants, as well as
improving the energy content somewhat, and
reduces side-band splatter and general interference. Since these frequencies are seldom
pa;{sed by the ordinary communications receiver, little is lost in the way of quality.
Actual tests indicate that, with the use of a
suitable band-pass filter, it is possible to get
good intelligibility under interference conditions such that less than 10 per cent intelligibility is reported when full frequency response
is used.
Figs. 1216-1218 show a speech amplifier in • CLASS-B MODULATORS
which the use of a band-pass filter and comClass-B modulator circuits are practically
pression circuit give a several-times increase identical no matter what the power output of
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Fig. 1219
Class.B modulator circuit diagrams. Circuit considerations are discussed in the text.

the modulator. The diagrams of Fig. 1219
therefore will serve for any modulator of this
type that the amateur may elect to build.
The triode circuit is given at A, and the circuit
for tetrodes at B. When small tubes with in-

directly heated cathodes are used, the cathode
should be connected to ground.
Design considerations for Class-B stages are
discussed in Chapter 6, and data on the performance of various tubes suitable for the
purpose also will be found in that chapter. Onee
the requisite audio power output has been
determined, and the pair of tubes capable of
giving "that output selected, an output transformer may be secured which will permit
matching the rated modulator load impedance
to the modulating impedance of the d. amplifier, and similarly, a driver transformer selected
which will couple the driver stage to the ClassB grids properly.
The plate power supply for the modulator
should have good voltage regulation and
should be well filtered. It is particularly important, in the case of a tetrode Class-B stage,
that the screen supply have excellent regulation to prevent distortion. The screen voltage
should be set as exactly as possible to the
recommended value.
In estimating the output of the modulator, it
should be remembered that the figures given in
the tables of Chapter 6 are tube output only,
and do not include output transformer losses.
The efficiency of the output transformer will
vary with its construction, and may be assumed to be in the vicinity of 80 per cent for the
less expensive units and somewhat higher for
higher-priced transformers. To be adequate for
modulating the transmitter, therefore, the
modulator should have a theoretical power
capability about 25 per cent greater than the
actual power needed for modulation.

Fig. 1220 - Chassis-less CODstruction for a low-power Class.B
modulator. Small tubes and trans·
formers capable of an audio out·
put of the order of 100 watts may
he supported directly from the
panel.

Fig. 1221 - A rear view of the
modulator of Fig. 1220, showing hnw
the oomponents are supported_ The
panel is relay-rack size, 5),i inches
bigh.
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Fig. 1222 - A conventional chassis ar.
rangement for low and medium power
Class.B modulators. The layout follows the
circuit diagram. In huilding modulation
equipment the safety considerations dis.
cussed in connection with transmitters and
power supplies (Chapters 10 and 11) should
he observed. Feed.through terminals such as
those shown should he covered by a guard
plate or hy rubber sleeves when the modu.
lator is installed in the rack so that no high.
voltage parts are exposed. Safety screw-on
terminals may he used instead.

Fig. 1223 - The simplicity of modulator
wiring is evident in this view of the hottom
of the chassis of the modulator unit shown
in Fig. 1222.

The input transformer. TI. may couple
directly between the driver tube and the modulator grids or may be designed to work from a
low-impedance (200- or 500-ohm) line. In the
latter case a tube-to-line output transformer
must be used at the driver stage. This type of
coupling is recommended only when the driver
must be at a considerable distance from the

Fig. 1224
A chassis arrangement l"r a higher·power
Class.B modulator. This unit has a filament transformer
for the tubes mounted on tbe chassis. as well as the input
and output transformers. In cases where the incut
transformer is included with the speech amplifier, ess
chassis space i. needed. Tbe tuhes are placed to the rear
where ventilation is good.
The plate milliammeter is provided with a sman plate
over the adjusting screw to prevent touching the screw
accidentally. A Presdwood panel was used for this
modnlator; with metal panels the meter should be
mounted behind glass on a well.insulated mount (the
meter insulation is not intended for volta ges greater than
a few hundred) or else should be connected in the fila.
ment center.tap rather than in the positive high.voltage
lead.

200

Fig. 1225 - Bottom view of the modulator of Fig.
1224. Mounting the sockets below the chassis saves
panel height and conceals the wiring. The output termi.
nals should be protected a. described in connection "ith
Fill. 1222.
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Fig. 1226
With high-power modulators,
components become 80 large that chassis
space is at a premium in relay.rack con·
struction. There is, however, room for either
the input transformer or a filament trans·
former on the chassis. See Fig. 1224 for di8'
cussion of meter monnting.

modulator, however, because the second
transformer not only introduces additional
losses but also further impairs the voltage
regulation.
When "C" bias is required for the modulator, the bias source must have very low resistance. Batteries are the most suitable source
of bias. In cases where the voltage values are
right, regulator tubes such as the VR-75, VR105, etc., may be connected across a tap on an
a.c. bias supply and will hold the bias voltage
steady under grid-current conditions. Generally, however, zero-bias tubes are preferable
not only because no bias supply is required but
also because the loading on the driver stage is

less variable and driver distortion is consequently reduced.
Condenser C1 in these diagrams will give a
"tone-control" effect and filter off high-frequency side-bands (splatter) caused by distortion in the modulator or preceding speechamplifier stages. Values in the neighborhood
of 0.002 to 0.005 pfd. are suitable. The voltage
rating should be adequate for the peak voltage
across the transformer secondary. The plate
by-pass condenser in the modulated amplifier
will serve the same purpose.
The various photographs illustrate different
types of construction which may bc used for
Class-B modulators of various power outputs.
Placement of parts is not critical.
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Rack Construction - Metering - Assembly oj Constructed
Units to Form Complete Transmitters for' Phone or C. W.
MOST of the units described in the constructional
chapters of this handbook
are designed for standard
rack mounting and, therefore, the assembly of a selected group of units to form
a complete transmitter is
a relatively simple matter.
While standard metal racks
are available on the market,
many amateurs prefer to
build their own from less expensive wood stock. With
a little care, an excellent
substitute can be made.
The plan of a rack of
standard dimensions is
shown in Fig. 1301. The rack
is constructed entirely of I"
X 2" stock of smooth pine,
spruce or redwood, with the
exception of the trimming
strips, M, N, 0 and P. Since
the actual size of standard
1" X 2" stock runs appreciably below these dimensions, a much sturdier job
will result if pieces are obtained cut to the full dimensions.
The two main vertical
supporting members are
each comprised of two pieces
(A and B, and I and J)
fastened together at right
angles. Each pair of pieces
is fastened together by No.
S flat head screws, countersunk.
Before fastening these
pairs together, pieces A and
J shOUld be made exactly
the same length and drilled
in the proper places for the
mounting screws using a
No. 30 drill. The length of
pieces A, J, B and I should
equal the total height of
all panels required for the
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A

B

Fi8. 1301 - The standard raek. A - Side view, B - front 'View, C - Top
view, D - Upper ritht band corner detail. E - Panel and cbauia a_mbl,..,
F, G. H - Varioue typeot of panel braeketa, J - A lobetitote for the metll
cbuaia.
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TO+H V TERMINALS

TO alAS TEAtotlNALS

OF" TRANSMITTEA. UNITS

OF TRANSMITTER UNITS

come lU" from the first, the third J.1l" from
the second, the fourth 1 U" from the third and
so on, alternating spacings between J.1l" and
lU" (see detail drawing D, Fig. 1301). All
holes should be placed %" from the inside
edges of the vertical members.
The two vertical members are fastened together by cross-member K at the top and L at
the bottom. These should be of such a length
that the inside edges of A and J are exactly
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Fig. 1302 - Various metbods of metering grid and
plate currents. A - Higb-voltage metering. B - Cathode metering. C - Sbunt metering.

transmitter plus twice the sum of the thickness
and width of the material used. If the dimensions of the stock are exactly I" X 2", then 6"
must be added to the sum of the panel heights.
An inspection of the top and bottom of the
rack in the drawing will reveal the reason for
this. The first mounting hole should come at a
distance of ?i" plus the sum of the thickness
and width of the material from 'either end of
pieces A and J. This distance will be 3?i" for
stock exactly I" X 2". The second hole will

Chmps
SIO£ VIEW

GhssPanel

Fig. 1304 - Metbod of switebing a milliammeter to
various circuits with a two-gang switch. Tbe oontrol
sbaft sbould be well insulated from the eontaeta and
grounded. Tbe resistances sbould be ten to twenty times
tbe reai8tanl"e of tbe meter; 20 obms will usually be
satisfactory.

1772" apart at all points. This will bring the
lines of mounting holes 18
center to center.
Extending back from the bottoms of the vertical members are pieces G and D connected
together by cross-members L, Q and H, forming
the base. The length of the pieces D and G
will depend upon space requirements of the
largest power supply unit which will rest upon
it. The vertical members are braced against
the base by diagonal members C and H. Rear
support for heavy units placed above the base
may be provided by mounting angles on the in-

un

FRONT VIEW

Fig. 1303 - Safety panel for meteu. The meters are mounted in the ueual manner on an in.ulating sub-panel
spaced back of a glass-oovered opening in the front panel. Tbe glUil is futened in place witb metal clamp!! or tab.
faatened to the front panel with smallaerews or pin•• The front panel is of standard &i..e 19 in. by 57.& in.
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FiB. 1305
Low.power c.w.
transmitter made up from the
units shown in Figs. 1003, 1046
and 1102. The panel is of stand.
ard rack size, 7 in. high by 19 in.
long. The meter has a range of
200 mao The three cIIassi. are
bolted together with maclline
screws and the two outside units
are then fastened to the panel.
Fig. 1306 shows the slight altera.
tions which are required in the
power supply. The Iink-output
terminal. of the oscillator are
connected to the link.input ter.
minals of the antenna·tuner unit
by a pair of closely ·spaced wires.

FiB. 1306 - Dia.
gram showing altera.
tions in connections in
power.supply unit of
FiS. 1102 for the low.
power c. w. transmitter of Fig. 1305. A 50·watt. 15,000.
ohm resistor, RI, with slider replaces R. The connection
to the negative high.voltage prong is removed and the
positive side of the meter connected to this prong. The
negative side of the meter is connected to the chassis.
The slider on the voltage divider connects to the vacant
prong of the power output socket, thereby supplying
screen voltage for the 6L6.

Fig. 1307 - A 450.watt hand-s",itehing transmitter
with grid moduJator included for lSO.watt 'phone.
Complete layout shown in Fig. 1308.
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sides of C and H, or by connecting them with
cross-members at suitable heights as shown
at F.
To finish off the front of the rack pieces of
U" oak strip (M, N, 0, P) are fastened around
the edges with small-head finishing nails. The
heads are set below the surface and the holes
plugged with putty or plastic wood. They
should be of such a width that the top and
bottom edges of 0 and P respectively should be
U" from the first mounting holes and the
distance between the inside edges of the vertical strips, Nand P, 19;!.11\".
To prevent the screw holes from wearing out
when panels are changed frequently, ~" X
;!.1e" or %2" thick iron or brass strip may be
used to back up the vertical members of the
frame.
The outside surfaces should be sandpapered
thoroughly and given one or two coats of flat
black finish, sandpapering between coats. A
finishing surface of two coats of glossy black
"Duco" is then applied, again sandpapering
between coats. It is important to allow each
coat to dry thoroughly before applying the
next, or sandpapering.
Since the combined weights of power supplies, modulator equipment, etc., may total to
a surprising figure, the rack should be provided
with rollers or wheels so that it may be moved
about when necessary after the transmitter has
been assembled. For this purpose, ball bearing
roller-skate wheels are excellent.
Standard chassis are 17 inches wide. Standard panels are 19 inches wide and mUltiples of
1:li inches high. Panel mounting holes start
with the first one at ;i-inch from the edge of the
panel, the second 1 U inches from the first, the
third ~-inch from the second, the fourth 1 U
inches from the third and the distances between
holes from there on alternate between ~-inch
and 1 U inches. (See detail D, Fig. 1301.) In a
panel higher than two or three rack units
(1:li in.), it is common practice to drill only
sufficient holes to provide a secure mounting.
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FiS. 1309 - Complete layout for 450-watt c.w. transmitter.

+
BIAS

FiS. 1308 - Complete layout of grid-modulated
'phone.e.w. transmitter.
A - Antenna tuner (Fig. 1052).
B - Band-awitchin g p.p. T55 final ampli.6.er(Fig.l039).
C - Band.switching 807 exciter (Fig. 1022).
R - Adjustable dropping resistor to drop 300 volts
to 250 volts for exciter.
D - Meter panel. M, - for final-ampIifier plate current, 0-500 mao
M2 For final-ampli.6.er grid current, 0-ISO mao
Ma - For modulator plate current, 0-150 mao
E - Grid modulator (Fig. 1205). Half of output transformer output winding used (see text referring
to Fig. 1205\ For loading of final grid circuit

see Chap. lIi.

1: 45V.

to ISOV.

F - Power-aupply for modulator, 6.3-volt, 4-amp. fila.
ment transformer for modulator and exciter.

A - Wide-range antenna coupler (Fig. 1052).
B - P.p. 812 final ampli.6.er (Fig. 1034). Remove grid
leaks R and RI.
C - Plug-in 807 exciter unit (Fig. 1018).
D - Meter panel. M - reading final.amplifier grid and
plate currents. 0-100 mao (See.text referring to
Fig. 1034 regarding shunts.) 6-volt, 3·amp. fila.
ment transformer mounted on suh-panel to
supply exciter heaten.
E - Bias supply (Fig. 1112). Adjustment shown in de·
tsil. This unit also contains 45.volt battery for
807 bias.
F - 7SO-volt plate supply for exciter (Fig. 1110).
G - lSOO-volt plate supply for final amplifier (Fig.
1123).
G - Bias supply for exciter and final amplifier (Fig.
1113). Connections .hown in detaiL Unit also
contain. 45.volt battery for 807 bias.
H - 750-volt supply for exciter (Fig. 1110).
I -1500.volt supply for final amplifier (Fil. 1123).
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Fig. 1310
Layout for 300.watt 'phone..:.w. tranimitter.
A - Antenna tuner (Fig. 1049).
B - Pum·pull final amplilier, 812'8 (Fig. 1034) operated at 1250 volts, 250 mao Remove grid leaks
Rand RI.
C - Band-awitehing 807 exciter (Fig. 1018).
D - Meter panel. Ml - 0-100 mao for finai-amplilier
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Fig. 1311-200-25O.watt transmitter for c.w. or
plate.modulated phone. Rear view shown in Fig. 1313
and complete layout in Fig. 1312.

All panel holes should come %-inch from ea.ch
edge.
Metering
Various methods of metering are shown in
Fig. 1302. A shows the meters placed in the
high-voltage plate and bias circuits. Ml and
M2 are for plate current and Ms and M, for
grid current. When more than one stage operates from the Bame plate-voltage or biasvoltage supply, each stage may be metered as
shown. If this system of metering is used, the
meters should be mounted so that the meter
dials are not accessible to accidental contact
with the adjusting screw. One method of
grid and plate currents. (See text referring to
Fig. 1034 regarding shunts.)
M2 - 0-300 mao for modulator plate current.
Ma - 0-100 mao for speech amplifier.
E - TZ40 modulator (Fig. 1222) operated at 1250 volts.
4.5.volts hiaJ!. Set output transformer for 14.000
to 5000 ohms.
F
Bias supply (Fig. 1112). Adjustment shown in de.
tail. This unit also contains 45.volt battery for
807 bias.
G - Power-tlupply unit containing 300.volt, 2oo·ma.
plate supply for speecb amplifier and exciter;
6.S.volt, 4-amp. and 7.5.volt, 5-amp. filament
transformers for speech.amplifier and modula.
tor filaments.
H -750·volt plate supply for exciter (Fir. 1110).
1 - 125O·volt plate snpply for final amplifier and modulator (FiC. 1116).
1 - Speech amplilier (Fig. 1204), 2500-ohm·to.line
transformer substituted for Tlo
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Fig. 1313 - Rear view of 200-watt plate-modulated
transmitter showing antenna coupler, r.f. unit, modu.
lator and speech amplifier.

EMS SUPPLY

mounting is shown in Fig. 1303 where the
meters are mounted behind a glass panel.
When plate milliammeters are to be mounted
on metal panels, care must be taken to see
that the insulation is sufficient to withstand
the plate voltage. Metal case instruments
should not be mounted on a grounded metal
panel if the difference in potential between the
meter and panel is more than 300 volts; instruments with bakelite cases can be used under
similar circumstances at voltages up to 1000.
At higher voltages an insulating panel should
be used.
The placing of meters at high-voltage points
in the circuit may be overcome by the use of
connections shown in Fig. 1302-A and -B. The
disadvantage of the arrangements of B is that
the meter reads total cathode current and grid
and plate currents cannot be metered indi-

POWER SUPPLY

high Toltlge.

x

v
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x
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, METERI NG DETAI L

Fig. 1312
Complete layol1t for 200- to 25O-watt
transmitter with plate modulation.
A - Antenna coupler (Fig. 1049).
B
R.F. unit, 6V6-807 -75T (Fig. 1029). Final operated
at 1250 v., 175 mao Cathode keying of 807
shown.
C - Meter panel. M.
0-150 rna. on 3.pt., doublegang switch for exciter·cathode and final-grid
current•. Shunt resistors in detail 20 obffi8.
M.
0-400 or 500 mao for final-amplifier cathode
current.
Ms - 0-300 rna. on 2.pt., double-gang .witch for
modulator and speech .... mplifier plate currents.
Shuuts 20 ohms. Switch must be insulated tor

w

®

I

~

,

;0
II

12

•

D - Modulator (Fig. 1222). TZ40's operating at 1250
v. plate and 4.5 v. bias. Output transformer set
for 14,000 to 7200 ohms.
E - Speech amplifier (Fig. 1204) with 2500-obm to
line output transformer substituted for Tl.
F - Power-supply unit contsinins 300-v., l00-ma.
plate supply for speecb amplifier, 6.3.v •• 3-a.
and 7.S.v., S-a. filament transformero for speech
and modulator units and 4.5-v. battery for
modulator bias.
G - Biu supply f(lr final amplifier. ISO to 300-v. supply
with 10,OOO-n1tm bleeder.
H - 6OO-v. plate supply for 807 (Fig. 1110).
I -1250-v. plate supply for modulator and fiual
ImpWier (Filo 1116).
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Fig. 1314 - Complete layont for l.kw. transmitter.
including optional modulation systems.
A - Antenna tuner. Circuit diagram same as Fig.
1051, layout Fig. 1050. Use condenser with 240
I'pfd. per section, O.I.in. spacing. (Cardwell
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XE240KD.) Use B & W HDVL series orequiva.
lent for coila..
B - Push.pull &ual amplifier, 810's (Fig. 1044) oper·
ated at 2000 volts, 500 mao for telegraphy.
C - 6L6-6L6·HYSI exciter (Fig. 1025).

CHAPTER THIRTEEN

Complete Transmitters
vidually. This disadvantage is overcome in C
where the meters are connected across low resistances in grid and plate return circuits. Ml
reads grid current and M: plate current. The
resistance should be of a value of not more
than 10 to 20 times the resistance of the meter
and should be of sufficient power rating so that
there will be no possibility of resistor burn--out.
If desired, the resistance values may be adjusted to form a multiplier scale for the meter
(see Chap. 17). The same principle is used in
the meter switching system of Fig. 1304.
Meters may also be shifted from one stage to
another by a plug and jack system, but this
system should not be used unless it is possible
to ground the frame of the jack or unless a
suitable guard is provided around the meter
jacks to make personal contact with high voltages impossible in normal use of the plug.
Complete Transmitters
Several examples of the correct combining of
units described in Chapters 10, 11 and 12 are
shown in the sketches of Figs. 1305 to 1314.
They are complete from antenna tuners to
control systems. Essential information is given
under each sketch and references are made to
descriptions of each individual unit used.
D - Meter panel.
lb - Oscillator catbode meter (0-100 ma.).
M2
Doubler cathode meter (0-150 ma.).
Ma - Buffer grid meter (0-100 ma.).
M. - Buffer cathode meter (0-500 ma.).
M& - Final grid meter (0-200 ma.).
Me - Final plate meter (0-1000 ma.).
E - Bias and filament~upply unit, containing 1oo.volt
hias pack and 45·volt battery. (See dew!.)
Also 6.3.volt, 2·amp. transformer and 7.5.volt,
4.amp. transformer for exciter.
F - 4OO.volt, 200.ma. supply.
G -lOOO.volt, 250.ma. supply (Fig. 1116).
H - 2000.volt, 500.ma. supply (Fig. 1124).
Grid modulator.
I - 20·watt speech amplifier (Fig. 1207). Output tran ••
former set at tum.. ratio primary to ItOOOndary
3.14 to I, witb 1000-ohm loading resistance a8
shown and VR150 for regulating bias voltage.
Operating conditions for final amplifier - grid
current - 4 ma., plate current -134 ma.,
driving power - 8 watts (load driver as de.
scribed in Chap. 16). Power output 120 watts.
] - Power.supply unit delivering 270 volts, 200 mao
and 6.3 volts, 4·amp. for modulator.
Cathode modulator.
K - 200.watt modulator, similar to Fig. 1224 with
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Fig. 1314A - Plate modulator for l·kw. transmitter.
P - 500·watt modulator, similar to Fig. 1226 with 810
tubes operating at 2000 volts plate, 50 volts
biu, or other tuhes adjusted for 5oo·watt out·
put, with line.to-grid input transformer. Output
transformer set for 11,000 ohms primary to 3600
ohmsltOOOndary (M8-Q-looO ma.).
Q - 30.watt speecb-amplifier.driver (Fig. 1210). Plate.
to-line output transformer.
S - Power~upply unit for speech·amplifier·driver.
3oo.volts, 250 mao and 6.3 volts, 4 amp. Also
contains 50·volt biasing battery for modulator
and 22.5·volt hiasing battery for driver.
T - 2ooo.volt, 500·ma. supply for modulator (}'ig.
1124).
Operating conditions for final amplifier.plate - 1800
volts, 500 ma., grid - 200 volts, 100 mao
Input 900 watts, output 670 watts.
203.A tubes operating at 1000 volts, 35.volt
bias, or other tubee adjusted for 200·watt output. Output transformer set for 6900 ohms
primary to 2200 ohms secondary (M7~-500
ma.).
L - 20.watt speech amplifier-driver. (See I.) Plate·to.
line output transformer.
.
N - 270.volt and 6.3.volt power supply for speech.
amplifier.driver. (See ].)
0 - 1ooo.volt, 25O.It14. supply for modulator. (See G.
Operating conditions for final amplifier.plate 1800 volts, plate current 325 ma., power input
585 watts, power output 315 watts.
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Transmitter Adjustment
Tuning Crystal Oscillators, Frequency l~ultipliers and Power
Amplifiers-Neutralizing-Adjustment of Coupling and
Excitation - Trouble-Shooting
Tuninll Triode, Tetrode or Pentads
Crystal Oscillators

THE

tuning characteristics and procedure to
be followed in tuning are essentially the same
for a triode, tetrode or pentode crystal oscillator. In each case, tuning is chiefly a matter of obtaining the greatest amount of power
output consistent with safe input and reliable
crystal operation.
Using a plate milliammeter as an indicator
of oscillation (a O-loo-ma. d.c. meter will have
ample range for all low-power oscillators), the
plate current will be found to be steady when
the circuit is in the non-oscillating state, but
will dip when the plate condenser is tuned
through resonance at the crystal frequency.
Fig. 1401 is typical of the behavior of plate current as the tank condenser capacity is varied.
As the capacity is increased from minimum,
there will be a rather gradual decrease in plate
current after oscillations commence. This continues until the point A is reached, when
there will be a sharp rise in plate current, followed by cessation of oscillations. An r.f.
indicator, such as a small neon bulb touched to
the plate end of the tank coil, will show.maximum at point A. However, when the oscillator
is delivering power to a load it is best to operate in the region B-G, since the oscillator will
be more stable and there is less likelihood that
a slight change in loading will throw the circuit
out of oscillation. This is likely to happen when
operation is too near the critical point, A. Also,
the crystal current is lower in the B-G region.
When power is taken from the oscillator, the
dip in plate current is less pronounced, as indicated by the dotted curve. The greater the
power output the less is the dip in p}ate.currell;t.
If the load is made too great, oscillatIOns will

Fig. 1401 - D.C. plate
current n. plate tuning
capacity with the triode,
tetrode or pentode crystal
oscillator.
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not start. Loading is adjusted by varying the
coupling to the load circuit which may be the
antenna or a following stage.
The greater the loading, the smaller the voltage fed back to the grid circuit for excitation
purposes. This means that the d. voltage
across the crystal also will be reduced, hence
there is less crystal heating when the oscillator
is delivering power than when operating unloaded. For this reason it is possible to operate
a loaded oscillator at higher plate voltage than
is possible with an unloaded oscillator for the
same crystal heating.
Special care should be exercised, particularly with triodes to prevent dangerously high
crystal currents by running the oscillator
unloaded for extended periods or using high
plate and screen voltages.
Tuninll the Tri-tet
The tuning procedure for this circuit is as
follows: With the cathode tank condenser at
about three-quarters scale, turn the plate tank
condenser until there is a sharp dip in plate
current, indicating that the plate circuit is in
resonance. The crystal should be oscillating

~

I

Fig. 1402 - D.C. plate ;s
current VB. plate tuning v
capacity with the Tri-tet ~
oocilla tor.
~

-

TUNING CAPAClry

continuously regardless of the setting of the
plate condenser. Set the plate condenser so
that plate current is minimum. The load
circuit may then be coupled and adjusted so
that the oscillator delivers power. The minimum plate current will rise; it may be necessary
to retune the plate condenser when the load is
coupled to bring the plate current to a new
minimum. Fig. 1402 shows the typical behavior
of plate current with plate-condenser tuning.
After the plate circuit is adjusted a.nd the
oscillator is delivering power, the cathode
condenser should be readjusted to obtain
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Failure of a crystal circuit to oscillate may
optimum power output. The setting of this
condenser should be as far toward the low- be caused by any of the following:
capacity end of the scale as is consistent with
1. Dirty. chipped or fractured crystal
2. Imperfect or unclean holder surfaces
good output; it may, in fact, be desirable to
3. Overloading
sacrifice a little output if so doing reduces the
4. Plate or cathode tank circuit not tuning
current through the crystal and thus reduces
correctly
heating.
5. Insufficient feedback with the pentode
In obtaining harmonic output, it is merely a
circuit
matter of tuning the plate tank circuit to the
The last trouble should be suspected only
harmonic rather than the fundamental of the
crystal frequency. A plate-current dip will be when well screened tubes, such as the receiver.
found at the harmonic also. If the cathode type r.f. pentodes and the types RK23-25,
condenser is adjusted for maximum output at 802, 807 or similar types are concerned. This
the harmonic, this adjustment wiII usually may be remedied by introducing a smaU
serve for the fundamental as well. The crystal . capacity externally between grid and plate.
should be checked for evidence of excessive This should be no larger than is necessary to
heating. The most satisfactory remedy is to maintain oscillation with a reasonable load.
lower plate or screen voltages of both or by Usually a short piece of insulated wire conreducing the load. It should be noted that with nected to each of the plate and grid prongs of
this circuit maximum rJ. voltage across the the socket and the two insulated free ends
crystal is developed at maximum load in twisted together will be sufficient.
contrast to the triode-pentode circuit and
In regard to item (4), make certain that the
crystal heating should be checked with the plate tank coil tunes to resonance at the desired
load coupled.
frequency. Remember that capacity coupling
to the load will increase the capacity across the
The Grid-Plate Oscillator
plate tank coil so that resonance will occur at a
The tuning characteristics of the grid-plate lower-capacity setting of the condenseroscillator are very similar to that of the Tri-tet possibly lower than will regain resonance
with the difference that the tuning of the without a reduction in the size of the plate coil.
cathode circuit is often fixed as described in This applies particularly when pentodes or
Chap. 5. The output at even harmonics is less tetrodes are capacity-coupled.
The remedies for the remainder are obvious.
than that obtainable with the Tn-tet but
greater at odd harmonics. Trouble is often Don't overlook the great possibility of a misexperienced in obtaining second-harmonic take in wiring, especially the connections to a
output from 1. 7-Mc. crystals, although this multi-element tube.
difficulty is not usually experienced with
Parasitic Oscillations
crystals of higher frequency.
One effect most likely with beam tubes is
Oscillator Efficiency
a tendency for apparently strong parasitic
The efficiency of the triode oscillator will be oscillation, as indicated by high r.r. crystal
somewhat less than that of the others men- current when the plate tank is tuned lower
tioned when the latter are operated at the than the crystal frequency. This is more marked
crystal fundamental because of the greater with these tubes in a simple tetrode circuit
excitation requirements of the triode. The than in the Tri-tet but occurs in both. Since
other circuits should show efficiencies at the it is not generally an oscillation of crystal
fundamental of 50 to 60 per cent, so that they frequency, but is a parasitic phenomenon
should deliver an output of 50 to 60 per cent of resulting from the high mutual of these tubes,
the plate power input. At the second harmonic, it does not excite the crystal and is likely to
the efficiency of the Tri-tet, when correctly cause damage only to the tube if allowed to
adjusted, will run about 40 per cent.
persist.
Oscillator Troubles

• AMPLIFIER ADJUSTMENT

Excessive r.f. voltage across the crystal will
cause heating with resulting "creep" in frequency if not fracture of the crystal. To prevent this, the r.f. current through the crystal
should never exceed the crystal manufacturer's
rating. This current may be estimated by connecting a flashlight bulb of proper current
rating in series with the crystal. The size of the
lamp should be chosen so that it glows when
the current rating of the crystal is exceeded.

Adjustment of Bias

The first step in adjusting an r.f. amplifier
for the first time is that of setting the bias for
the conditions under which it is desired to
operate. A wide range of conditions is possible
and the matter is discussed in Chap. 5.
All transmitting tubes, except those designed
primarily for Class-B audio service with zero
bias will draw excessive plate current when

CHAPTER FOURTEEN

211

The Radio Amateur's Handbook
excitation is removed unless provided with a.
certain minimum fixed bias of sufficient value
to hold the plate current to a safe value. The
value of fixed biasing voltage which will reduce
plate current to zero when excitation is removed is known as the cut-off voltage and is
very nearly equal to .the plate voltage at
which the tube is operating divided by the
amplification factor of the tube.
While simple grid-leak biasing is the simplest, most economical. and most desirable in
the operation of a Class-C amplifier, it does
not provide the protection required on failure
or removal of excitation. Therefore, it is common practice to provide cut-off bias from a
fixed source, such as a battery or power pack
of proper design (see Chap. 11) and obtain the
remainder of the operating bias from a grid leak.
Recommended operating voltages and currents will always be found in the sheet which
manufacturers furnish with each power tube.
These include a value of biasing voltage and
often a value of grid-leak resistance. In most
cases, the value of grid-leak resistance recommended does not take any fixed bias into
consideration. To determine the grid-leak
resistance which should be used when a combination of batteries for fixed bias and grid leak
i;> to be used, the battery voltage, which should
be as near to the required cut-off value as
possible, should be subtracted from the recommended operating bias to obtain the voltage
required from the grid leak. The grid-leak
resistance required is then computed by
dividing the additional biasing voltage required
by the recommended d.c. grid current in
decimal parts of an ampere. For example, the
recommended conditions for Class-C operation
of the RCA 203A for telephony are: plate
voltage, 1000j grid bias, 135; d.c. grid current,
50 rna. (0.05 amp.). The amplification factor is
given as 25 so that cut-off bias for 1000 volts
is 1000 or 40 volts. Assuming the use of a
25
45-volt battery, the remaining voltage required
from the grid leak is 135-45 or 90 volts. The
grid-leak resistance is equal to 90 or 1800 ohms.
0.05
If a bias pack is to be used, the bleeder or
voltage-divider resistance should be adjusted
as described in Chap. 1 L
Atnplifier TuninA

The general method of tuning applies to any
type of amplifier of circuit. Triodes, of course,
have to be neutralized, while screen-grid tubes
do not. Aside from neutralization, the tuning
process consists of adjusting the input circuit
for .maximum excitation, and the output
circuit for optimum power output and
efficiency.
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When triode amplifiers are used, it is essential that the tube or tubes be carefully neutralized before attempting to take power output
from the circuit or adjusting for maximum
excitation. Neutralization is therefore the next
step in the tuning process.
NeutralizinA Adjusttnents
The procedure in neutralizing is the same for
all tubes and circuits. The filament of the tube
should be lighted and the excitation from the
preceding stage should be fed to the grid
circuit, but the plate voltage should be off of the
amplifier.
The grid-circuit milliammeter is one of the
best and safest neutralizing indicators because
it does not require placing the hands close to
apparatus which may carry high voltages. If
the circuit is not completely neutralized, tuning
of the plate tank circuit through resonance will
change the tuning of the grid circuit and affect
its loading, causing a change in the d.c. grid
current. With push-pull amplifiers, or singleended amplifiers using a tap on the tank coil
for neutralization, the setting of the neutralizing condenser which leaves the grid current
unaffected as the plate tank is tuned through
resonance is the correct one. If the circuit is
out of neutralization, the grid meter needle
will give a noticeable dip. As the point of
neutralization is approached, by adjusting the
neutralizing capacity bit by bit, the dip in
grid current as the plate condenser is swung
through resonance will become less and less
pronounced until, at exact neutralization, no
dip at all will be found. Further adjustment of
the neutralizing condenser in the same direction will bring the grid-current dip back. The
neutralizing condenser should always be adjusted with a screwdriver of insulating material.
Screwdrivers with metal shafts will affect the
adjustments.
Adjustment of the neutralizing condenser
may affect the tuning of the grid tank or driver
plate tank, so they should be retuned each
time a change is made in neutralizing capacity.
In neutralizing a push-pull amplifier, the
neutralizing condensers should be adjusted
together, step by step, keeping their capacities
I£s equal as possible.
The adjustment of neutralizing condensers
of the usual multi-plate type will be more
critical than with the low-capacity types which
consist of a stationary plate and a second plate
mounted on a threaded shaft. The change in
capacity of the latter type is relatively slow
until the plates are close together.
With single-ended circuits having splitstator neutralizing, the behavior of the grid
meter will depend somewhat upon the type of
tube used. If the tube's output capacity is not
great enough to upset the balance. the action
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of the meter will be the same as in other circuits. With high-capacity tubes, however, the
meter usually will show a gradual rise and fall
as the plate tank is tuned through resonance,
reaching a maximum right at resonance when
the circuit is properly neutralized.
If a grid meter is not available, the amplifier
may be neutralized by checking in a similar
manner with the driver plate-current meter.
Other Neutralizing Indicators
When an amplifier is not neutralized, a neon
bulb touched to the plate of the amplifier tube
or to the plate side of the tuning condenser
will glow when the tank circuit is tuned through
resonance, providing the driver has sufficient
power. The glow at resonance will disappear
when the amplifier is neutralized.
A flashlight bulb connected in series with a
single loop of wire 2 Yz or 3 inches in diameter
with the loop coupled to the tank coil will, in a
similar manner, serve as a neutralizing indicator.
Aside from the angle of safety which makes
the grid meter preferable as an indicator,
touching the neon bulb to a high-potential
point of the circuit may introduce enough stray
capacity to unbalance the circuit slightly, thus
ups~tting the neutralizing in a circuit using a
split-stator condenser. This is particularly
noticeable with high-power amplifiers where
the excitation voltage is considerable and a
slight unbalance gives a noticeable indication.
This capacitive unbalance is usually less pronounced with the flashlight bulb and loop,
especially if it is possible to couple to the lowpotential point of the tank circuit.
Neutralizing Difficulties
If trouble is experienced in getting a triode
amplifier completely neutralized, the circuit
should be checked over carefully to make sure
that all connections are good and that there are
no shorted turns in the inductances. Different
sizes of neutralizing condensers may also be
tried, since circuit conditions vary considerably with different physical layouts. If a setting of the neutralizing condenser can be found
which gives minimum r.r. in the plate tank
circuit without completely eliminating it, the
chances are that there is some magnetic or
capacity coupling between the input and output circuits external to the tube itself. Short
leads in neutralizing circuits arc highly desirable, and the input and output inductances
should be so placed with respect to each other
that magnetic coupling is minimized. Usually
this means that the axes of the coils should be
at right angles to each other. In some cases it
may be necessary to shield the input and output circuits from 'each other. Magnetic cou-

pling can be checked for quite readily by disconnecting the tank from the remainder of the

circuit and testing for d. in the plate tank
circuit as the tank condenser is swung through
resonance. The preceding stage must be
running, of course.
Particularly with single-ended amplifiers
there are many stray capacities left uncompensated for in the neutralizing process. The
tube, for example, has capacity from grid to
filament as well as from grid to plate; likewise
there is capacity between plate and filament.
Similarly, capacities existing between parts of
the socket enter into the picture with tubes
having all three elements brought out to
the same base. With large tubes, especially
those having relatively high inter electrode
capacities, these commonly neglected stray
capacities can prevent perfect neutralization.
Symmetrical arrangement of a push-pull amplifier is about the only way to obtain a practically perfect balance throughout the amplifier.
When employing a split-stator tank condenser with a tube having a fairly high output
capacity, it may be impossible to maintain
exact neutralization except at exact resonance,
especially if the circuit tunes to resonance near
minimum capacity of the tank condenser when
the stray circuit capacities may have more
to do with determining the capacity balance
than the capacity of the tank condenser itself.
The percentage of variation between the
capacities of the two condenser sections may
also be much higher near minimum capacity. It
is, therefore, desirable to have the coil proportioned so that resonance occurs with the condensersetatafairpercentageofitstotalcapacity.
Sometimes, it may be necessary to connect a
small variable capacity across one half of the
circuit, as shown in Fig. 1403 to compensate for
the output capacity of the tube across the
other half.
The neutralization of tubes with extremely
low grid-plate capacity, such as the 6L6, is
often very difficult. It often happens that the
wiring itself will introduce sufficient capacity
between the right points to "over-neutralize"
the grid-plate capacity. The use of a neutralizing condenser only aggravates the condition.
Inductive or link neutralization as shown in
Fig. 1404 has been used successfully with tubes
such as the 6L6.
Adjustment of Excitation
The desirability of having a fully adequate
source of excitation cannot be over-emphasized. This applies particularly to a triode
which is to be operated at high efficiency as a
Class-C plate-modulated amplifier. Upon this
one factor more than anything else may depend
the success or failure of the amplifier in operating properly. It is always better to err on the
side of excessive available excitation. An
amplifier driven by an exciter with barely
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enough power to do the job will require precise
tuning and adjustments of coupling each time
frequency is changed appreciably and, more
often than not, it will be found necessary to
depend upon regeneration, with its attendant
uncertainty, to maintain adequate excitation.
In adjusting amplifier excitation, the gridcurrent meter is again the best indicator.
With the bias and grid-leak requirements determined and set, the obiect is to adjust the driver
and the coupling for maximum grid current
consistent with the driver loading. The preliminary adjustments are made with no plate
voltage applied to the amplifier.
In capacity-coupled systems, the principal
adiustment for maximum excitation is that
of tuning the driver plate circuit to resonance
after the grid of the amplifier has been coupled
to it. Because of the added shunt capacity,
driver resonance will occur at a lower-capacity
setting of the driver tank condenser than
without the amplifier coupled. As the load of
the amplifier grid circuit is coupled, the driver
plate current at resonance will rise, the dip
becoming less pronounced. This should be
accompanied with a rise in grid current coinciding with the dip in driver plate current.
If excitation is taken directly from the end
of the driver tank coil, the only remaining
adjustment possible is a variation in the capacity of the coupling condenser, larger values
usually reSUlting in heavier loading of the
driver and increased excitation. In certain
instances, however, a smaller capacity may
result in increased grid current. If the driver is
an oscillator, the coupling should not be so
tight as to prevent ready starting of crystal
oscillations.
In cases where the preceding adjustments do
not load the driver up to its rating and it is
evident that the amplifier requires more excitation, the only recourse may be to tapping the
driver plate coil. This is sometimes necessary
when the plate impedance of the driver differs
considerably from the grid impedance of the
amplifier. When the grid impedance is much
higher than the plate impedance, it will be
necessary to tap the plate of the driver down

Fig. 1403 - Connection oC condenser to balance out.
put capacity of tube for accurate neutralization. Cx is
the balancing condenser, Cn the neutralizing condenser.
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Fig. 1404 - Link neutralizing for tetrodes aud pentodes, such as 61.6, 6V6 and other tnbes sometimes
difficult to neutralize by other methods. Tbe link coils
should have one or two turns and should be coupled
to thc "cold" ends of the tank coils. Neutralization i.
adjusted by moving the link coils in relation to the
tank coil. Reversal of connections to one of the coils
may be required.

on the tank coil, while if the reverse is true,
the amplifier grid must be tapped down. If the
tank condenser has sufficient capacity range,
a decrease in the L-C ratio in the driver tank
may improve conditions as a substitute for
tapping.
Link-Couplint!. Adjustments

In the adjustment of excitation with link
coupling, the same principles apply. Here, both
the driver plate and amplifier grid tank circuits
must be adjusted simultaneously for maximum
grid current. The tuning of the two circuits
invariably interlocks so that it may be necessary
to "juggle" the tuning of the two circuits for
maximum excitation. Coupling is adjusted by
either changing the number of turns in each
link coil or by increasing or decreasing the
coupling between the link windings and their
associated tank coils. Both are often required.
If the grid impedance is high, the L-C ratio
in the grid tank circuit may be high, while a
low ratio is desirable in coupling to a lowimpedance grid circuit. In certain instances, it
may be necessary to tap the grid or plate connections as described under adjustments with
capacity-coupled systems.
Excitation Troubles

Under recommended conditions of bias, the
grid current value obtained before plate voltage
or load is applied to the amplifier should run 25
to 30 percent higher than the value given for
typical operating conditions. If this value is
not obtained, and the driver input is running
up to rated value, the most common reason is
that the ability of the driver has been overestimated. Driver operating voltages should be
checked to assure they are up to rated values,
however. If batteries are used for biasing and
are not strictly fresh, they should be replaced,
for batteries which have been in use for some
time often develop high internal resistance
which effectively adds to the grid-leak resistance. This may be true even though a check
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shows the battery voltage to be normal. If a
pack is used, the bleeder or voltage-divider
resistances should be checked to make certain
that low grid current is not due to greater gridcircuit resistance than is recommended. There
is also the possibility of loss of filament emission
either from prolonged service or from operating
the filament under or over the rated voltage.
It is important that the filament be operated as
close as possible to rated voltage measured at
the tube socket.
Amplifier Plate Tunin/i

After adjustments to the input circuit have
been completed, plate voltage may be applied
to the amplifier. In preliminary tuning, it is
desirable to use low plate voltage to avoid
possible damage to the tube. With excitation
and plate voltage applied, rotate the plate tank
condenser until the plate current dips; set the
condenser at the minimum plate-current point
which is resonance. When the resonance point
has been found, the plate voltage may be
increased to its normal value.
With adequate excitation, the off-resonance
plate current of a triode amplifier may run
two to three or more times the normal operating value. With screen-grid tubes, the off-resonance plate current may not be much higher
than the normal operating value because of
screen action.
With reasonably efficient operating conditions, the minimum plate current with the
amplifier unloaded will be a small fraction of
the rated plate current for the tube, usually a
fifth or less. If the excitation is low, the
"dip" will not be very marked, but with adequate excitation the plate current at resonance
without loading is just high enough so that the
d.c. plate power input supplies all the losses in
the tube and circuit. The higher the unloaded
tank impedance, the lower the minimum plate
current. For this reason, large L-C ratios give
very low values of plate current; conversely,
a fairly high-C tank will give somewhat larger
values. As an indication of probable efficiency,
the minimum plate current value should not
be taken too seriously, however, especially
when a fair amount of tank capacity is in use,
because in the unloaded condition the circulating d. current in a high-C tank is large
and, since the losses vary with the current
squared, the losses under no-load conditions
may be rather high compared to those in a very
low-C tank. When the amplifier is delivering
power to a load, the cirCUlating current drops
considerably and the tank losses correspondingly decrease, so that under load conditions
the actual efficiency is about the same with a
tank of optimum L-C ratio as with one having
extremely low C.
The condition of high minimum unloaded

plate current is most often encountered at the
very high frequencies where low-loss tank
circuits with high L-C ratios are difficult to
obtain. It is particularly noticeable with screengrid tubes of high output capacity which make
a high L-C ratio impossible. It will be found,
however, that fairly good efficiencies are
usually obtained when the load is coupled.
Loadin/i the Amplifier

With the load - antenna or following amplifier grid circuit - connected, the coupling
between plate tank and load should be adj usted
to make the tube take rated plate current,
keeping the tank always in resonance.

.
y: Loaded

,
I

-

Fig. 1405 - Typical
behavior of d.c. plate
current with tuning of
an amplifier.

TUNIN(j CAPACITY

As the output coupling is increased, the
minimum plate current will also increase about
as shown in Fig. 1405. Simultaneously, the
tuning becomes less sharp, because of the increase in effective resistance of the tank. If the
load circuit simulates a resistance, the resonance setting of the tank condenser will be
practically unchanged with loading; this is
generally the case since the load circuit itself
usually is also tuned to resonance. A reactive
load (such as an antenna or feeder system
which is not tuned exactly to resonance) may
cause the tank condenser setting to change
appreciably with loading.
As the plate loading is increased, with its
accompanying increase in plate current, the
grid current usually will fall off somewhat, because as more electrons are drawn from the
cathode by the plate, less are available for the
grid if the exciting voltage remains constant.
The decrease in grid current depends upon a
number of factors: the value of plate current,
the type of tube, the voltage regulation of the
driver, the amount of excitation power available, and to some extent upon the circuit used.
This last is particularly true of single-ended
amplifiers, as was discussed in the section on
neutralizing circuits.
The significant value of grid current is that
which flows when the amplifier is loaded to
rated plate current and tuned to resonance. As
the plate tank circuit is tuned through resonance, the grid current will normally rise somewhat at resonance as the plate current dips,
tending to keep the total space current constant. The grid-current figures given in the
tube tables of Cha.p. 20 are for lQaded condi.

CHAPTER FOURTEEN

215

The Radio Amateur's Handbook
tions at the recommended bias. Under load
conditions, the grid current should never
exceed the maximum rated value. If higher
grid currents are experienced, driver coupling
or power should be reduced.
Checkin~

Power Output -

center of a. half-wave antenna and that of
certain types of low-impedance transmission
lines. The size of meter required for any
expected value of power output may also be
determined from Ohm's Law given above:

Dummy

I

Antennas

As a check on the operation of an amplifier,
its output may be measured to a close approximation by the use of an artificial load of known
rating coupled to the amplifier output as
shown in Fig. 1406. At A and B, a thermo-

]~.
B

Fig. 1406 - Dummyload circuits for measuring
power output and preliminary tuning. A
For
balanced tank circ.uits.
B - For single-end tank
circuits. C - For high.
resistance loads where sufficient coupling cannot be
obtained by the methods
of A and B. M is an r.f.
thermo"ammeter. R a non ..
inductive resistance of
proper rating. In C, I~ and
C should tune to the out.
put frequency of the amplifier. Coupling may be
adjusted by the physical
separation hetween the
two tank circuits or by
adjusting a link line hetween the two as .hown
in dotted lines.
When Ie •• accurate
measurement will suffice,
ordinary nO-volt lamp
bulb. may be used to
replace the meter and
resistance.

c
ammeter M and non-inductive resistance R
are connected across a link coupled to the
amplifier tank coil. If the tank coil is fitted
with a swinging link or adjustable coupling
coil, the amplifier loading may readily be
adjusted so that the amplifier draws rated
plate current when tuned to resonance. Otherwise, a link winding of good high-voltage wire
may be wrapped around the low-potential
section of the tank coil and the turns varied
until proper loading is obtained. The power
output is then calculated from Ohm's Law:
P (watts) = ]2R
where I is the current indicated by the thermoammeter and R is the resistance of the noninductive resistor R. Special resistance units are
available for this purpose ranging from 73 to
600 ohms at power ratings up to 100 watts. For
higher powers, the units may be connected in
series-paralleL The 73-ohm size is often used
because it approximates the impedance at the
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=

square root of

W
R

If higher values of dummy load resistance
are used, it may be necessary to place the
dummy resistor and meter in series with a tank
circuit tuned to the frequency of the amplifier.
Otherwise, it may be difficult to obtain sufficient coupling to load the amplifier properly.
An excellent, although somewhat less accurate, dummy load may consist of an ordinary llO-volt incandescent lamp of wattage
rating equal to the power output to be expected
from the amplifier as a substitute for the noninductive resistor and meter. The lamp coupled
to the amplifier in the same manner will
indicate power by its degree of illumination.
By selecting a lamp of power rating close to
that to be expected from the amplifier, the
power output may be estimated quite closely
by comparing the brilliance of the lamp used as
the dummy load with that of a duplicate lamp
operating in the nO-volt line. Lamps may be
connected in series, parallel or series-parallel
to handle high power output.
Amplifier Efficiency

The over-all efficiency of a Class-C amplifier
will vary considerably depending upon the
conditions of bias, excitation and loading under
which it is operated as well as the efficiency
of the tank circuit. With high bias and high
excitation over-all efficiencies up to 75 per cent
may be expected at medium frequencies, with
the possibility of the figure dropping to as low
as 50 per cent at frequencies as high as 28 Mc.
with average tank-circuit efficiency. When the
operating values are chosen for maximum
power gain (see Chap. 5), efficiencies will run
somewhat lower.
A rough estimate of the overall efficiency of
an amplifier is obtained by determining the
ratio of power output as estimated with the
dummy load to the power input (the product
of the plate voltage and plate current).
Tuninli. of Frequency Doublers

Frequency multipliers are tuned in much
the same way as straight amplifiers. Once the
bias or grid-leak values are chosen, the input or
grid circuit should be adjusted for maximum
grid current just as with the straight amplifier.
Then the plate voltage may be applied and the
plate tank circuit tuned to the second harmonic, which will be indicated by the dip in
plate current. The dip usually will not be as
pronounced as with straight amplifiers, how-
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ever. Once these adjustments have been made
the load may be connected and adjusted for
maximum output consistent with the plate
current rating of the tube. Since the efficiency
is lower, it may be necessary to use lower than
rated plate current, especially if the plate
of the tube shows color.
After the adjustments have been completed
it is a good plan to change the bias voltage or
the resistance of the grid leak to find the value
which gives greatest output. Highest efficiency
will result when the grid bias or grid leak are as
high in value as is possible with the grid excitation available. Under optimum operating
conditions, the plate efficiency of a doubler
runs about 40%.
• TRANSMITTER TROUBLES
Inexact neutralization or stray coupling
between plate and grid circuits often result in
regeneration when the plate tank circuit is
tuned slightly to the high-frequency side of
resonance. This effect is most evident when
excitation is low when the amplifier will show a
sudden increase in output when tuned slightly
off resonance. This may be accompanied by a
pronounced increase in grid current.
If the feedback caused by inaccurate neutralization or stray coupling is sufficient, the amplifier may self-oscillate at or near the operating frequency. This is quite obvious when the
amplifier shows evidence of output near the
operating frequency with the excitation removed. The remedies for both regeneration and
oscillation are more exact neutralization and
better is~lation of input and output circuits.
In some cases, shielding between the two will
help.
Self-oscillation is quite apt to occur with
tubes of high power sensitivity such as the d.
pentodes and tetrodes. In event of either
regeneration or oscillation, circuit components
should be arranged so that those in the plate
circuit are well isolated from those of the grid
circuit. Plate and grid leads should be made
as short as possible and the screen should be
well by-passed as close to the socket terminal
as possible. A cylindrical shield surrounding the
lower portion of the tube up to a point even
with the lower edge of the plate is sometimes
required. In one popular type of shielded
construction, the tube base and grid-circuit
components are placed beneath the chassis,
while the plate-circuit components are placed
above.

Double-Resonance
A peculiar case of unorthodox amplifier
operation occasionally encountered with triodes
but more often with beam tetrodes is one in
which the maximum power output occurs not
at resonance as indicated by plate-current dip,

but at a point which may be appreciably removed. It may be remedied by moving the
plate connection down on the tank coil until it
disappears or by decreasing the L-C ratio of
the tank circuit.
Secondary Emission
The most serious cases of secondary emission
usually occur in tubes of smaller sizes which
are being operated at above normal voltages.
The emission usually takes place from the
grid which becomes sufficiently hot to start
emitting electrons. The emission increases the
heat and the result is a gradual increase in
plate current to abnormal value which can be
stopped only by removing plate voltage and
allowing the tube to cool off. If allowed to
persist for any length of time, the tube will
be ruined.
• PARASITIC OSCILLATIONS
If the circuit conditions in an osoillator or
amplifier are such that self-oscillations at some
frequency other than that desired exist, the
spurious oscillation is termed parasitic. The
energy required to maintain a parasitic oscillation is wasted so far as useful output is concerned, hence an oscillator or amplifier having
parasiticB will operate at reduced efficiency.
In addition, the behavior of plate current often
will be erratic.
Parasitic oscillations may be higher or lower
in frequency than the nominal frequency of
the amplifier.
On occasion, the parasitic oscillation may
take place the instant plate voltage is applied
or, when the amplifier is biased beyond cut-off,
at the instant excitation is applied. Frequently
the oscillation will be sustained after the
excitation has been removed. Under these
circumstances, the presence of parasitics is
quite apparent because the amplifier continues
to draw abnormal plate current. If oscillations
are of the u.h.f. type, they may be so violent
as to ruin the tube in short order if allowed to
persist. In cases such as these, plate voltage
should be reduced to the minimum which will
sustain the oscillation so that it can be investigated. A resistance in the positive highvoltage line or a lamp in series with the
plate-transformer primary will limit the plate
current.
At other times, when the amplifier is biased
beyond cut-off, the oscillation may not be
self-sustaining. It may become active only in
the presence of excitation and may be apparent
only by the production of abnormal key clicks
at intervals over a wide frequency range or
splatter with modulation.
A test for parasitics should always be made
before placing an amplifier in operation for the
first time. This can be done by removing the
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excitation, applying plate voltage and lowering
the bias until the tube draws a fair amount of
plate current. If on tuning the plate tank
circuit, the plate current remains steady and a
neon-bulb test shows no r.f. energy, it is quite
probable that the amplifier will be free from
parasi tics.
Low-Frequency Parasitics
Low-frequency parasitic oscillations are usually caused by tuned grid and plate circuits
formed by d. chokes tuned to nearly .the same
frequency by associated coupling and by-pass
condensers. The usual tank coils represent
negligible inductance at low frequencies and
they may be short-circuited without affecting
the oscillations. Sometimes the tank condenser
may assist in the tuning. A neon bulb touched
to the plate of the amplifier tube usually
exhibits a glow more on the yellowish-orange
side than normally. If search is made on a
receiver with a wide tuning range while the
amplifier is excited, signals usually of rough
character will be found spaced at regular
intervals, depending upon the frequency of the
parasitic, over a wide range.
Low-frequency parasitics can almost always
be avoided by observing two simple rules in
the design of the amplifier. These are as follows:
1. In series-fed plate circuits, never use
d. chokes except when a split-stator tank
condenser is used.
2. If the split-stator condenser is used,
always use a grid leak in series with the gridcircuit d. choke and do not by-pass the lower
end of the grid choke.
HiAh-Frequency Parasitics
In circuits in which some point on the plate
tank coil is grounded for neutralizing, a
circuit for high-frequency parasitic oscillations
is formed if the grid or driver plate are tapped
down on the driver plate tank coil. This circuit
is not formed when split-stator neutralizing
is used.
Ultra-HiAh Frequency Parasitics
U.h.!. parasitic oscillations are caused by
resonance in grid and plate connecting leads of
a neutralized amplifier. (See Fig. 1407.)
A neon bulb touched to the plate of the amplifier tube usually glows with a predominantly
violet light. This type of oscillation mayor
may not produce extraneous signals at frequencies lower than that of the oscillation if
the amplifier is excited. They usually produce
pronounced clicks or splatter about the carrier
frequency if the amplifier is keyed or modulated.
The frequency may be determined by connecting a tuned circuit in series with the grid
lead to the tube. A variable condenser of 100
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",,,,ids. or so may be used in conjunction with
three or four self-supporting turns of heavy
wire an inch or so in diameter. With the
amplifier oscillating at the parasitic frequency,

t8

-c

Fig. 1407 - The most common n.h.f. parasitic circuit.
The leads are long enough to form the ultraudion
oscillating circuit. This form may he identified hy reo
moving the tank coil and touching the h.v. lead to the
tank-condenser stator. The oscillation will persist. This
type is 1_ apt to occur with split.stator neutraliziug.

the condenser is slowly tuned through its
range until oscillations cease. In case this point
is not found on first trial, the turns of the coil
may be spread apart or a turn removed and the
process repeated. While this may not be the
simplest cure in all cases, the use of such a
tuned circuit as a trap is an almost certain
remedy, if the frequency can be located, and
introduces little if any loss at the operating
frequency. Once the values of Land C for the
trap have been determined, it may be possible
to replace the experimental trap with components of smaller physical size. A rearrangement of parts in which shorter leads may be
used is the alternative remedy.
• HARMONIC SUPPRESSION
Unless certain precautions are taken a transmitter may feed energy to the antenna system
at harmonics of the fundamental frequency as
well as at the fundamental frequency. If the
antenna system is suitable for these harmonic
frequencies, the amount of power radiated at
these frequencies may be appreciable. This is a
matter to be considered seriously, especially if
the harmonic frequency falls outside any of
the bands assigned to amateurs.
The harmonics which are most often radiated
are the second from transmitters employing
single-tube output stages and the third from
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those employing push-pull output stages,
although the fifth and higher harmonic frequencies have been known to cause trouble.
Harmonic output is apt to be particularly high
from output amplifiers using less than optimum
values of tank-condenser capacity (See Chap.
5), driven with high excitation and feeding
long-wire antennas which readily radiate harmonics.
Several measures may be taken to prevent
the radiation of harmonics. Decreasing the
IrC ratio in the tank circuit of the driver when
the driver is operating as a straight amplifier
(not doubling) will reduce the harmonic con-

conductors are insulated, while at the other
they are connected together. (Bib. 1).
R.F. Feedback Troubles

Occasionally it will be found on test with
a neon bulb, or by other indication, that points,
such as the chassis or transmitter frame, which
should be at ground potential show considerable d. voltage. This usually occurs only with
the antenna connected. One reason for this is
that the antenna is not exactly the right
dimensions for the frequency used, or the system is not tuned correctly and the antenna is
attempting to "extend itself" to the correct
length by adding in a portion of the power
wiring etc. This condition is often responsible
for abnormal interference with broadcast
reception in the neighborhood. It is difficult to
prevent this by grounding unless a very short
r.,zR{)(Jnd
ground wire is possible. The trouble is en8rassRods
s/?"ced .y",'
countered more frequently with direct-coupled
between
systems than with those using forms of incenters
ductive coupling. End-fed antennas are more
susceptible to this form of trouble than symmetrical center-fed systems. Transmitters employing link antenna coupling or elec.:y~IIfJ/l! trostatic shielding seldom exhibit this
trouble. A line filter connected at the
~::l:J1,k~ point where the power line enters the
Ijrovnd L"9
transmitter room will sometimes re"5F
HE1GHT AND WIDTH OF SHIELD SLlGHTlV
GREATER THAN COil DIAMETER
duce the interference effects.
Sometimes it will be found that certain
FiB. 1408 - Construction of the Faraday.type shield
lights in the house will glow, even though
usin g bra•• or copper rod.. The upper ends of tbe rod.
may be fixed to the bakelite strip with Duco cement.
switched off, when the carrier is turned on.
This occurs most frequently when the building
tent of the excitation voltage and thereby in which the transmitter is located is in the
reduce the harmonic output of the amplifier. immediate inductive field of the antenna and
Likewise, decreasing the IrC ratio in the out- where open unshielded wiring is used. If the
put amplifier tank circuit will reduce harmonic efff'd, is caused by resonance in some branch
generation in this circuit.
Half-wave antennas fed by correctly
adjusted low-impedance lines do not
easily radiate harmonic energy.
Any form of inductive coupling between the output amplifier and the antenna system will discriminate against
harmonics. Link coupling between the
output-amplifier tank circuit and the antenna tuner is especially effective.
The capacity between a large antenna
coupling coil and the tank coil of the output amplifier may be sufficient to provide
a ready path for harmonic energy to the
antenna system. This capacity may be
nullified by the use of electrostatic shielding between the two coils. Fig. 1408
shows the construction of such a shield,
while Figs. 1409 and 14lO illustrate the
manner in which it is installed. The screen
may also be made up using stiff wire instead of brass rod. The important point
Fig. 1409 - Showing the manner in which the electrostatic
in the construction is that at one end the shield is mounted between final tank and antenna coupling coils.
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of the house-wiring, it is sometimes possible
to detune the circuit with O.Oh,fd. by-pass
condensers across the affected lamps or by
placing inductances in the line. If, as is more

usual, the effect is one of induction, the only
remedy is to move the antenna.

Tunins Procedure
When all irregularities in a transmitting
Ant.
system have been ironed out, the tuning of a
multi-stage transmitter is not at all difficult.
The process should be started with the antenna
disconnected or decoupled. Starting with the
osclllator, each plate circuit is tuned for the
characteristic dip in plate current and grid
tanks, if used, tuned for maximum grid current. When different sections of the transmitter
A
operate from separate power supplies, each
power supply should be turned off until the
stages operating from it are ready to be tuned.
High-voltage stages should be tuned up at
reduced plate voltage. Care should be taken in
tuning doubler stages to pick the second harmonic of the driving frequency rather than the
third harmonic which may also be within the
tuning range of the tank condenser. When the
G.R.
final amplifier has been tuned to resonance,
PflJ9
the antenna is coupled and tuned for maximum
'h,q sqIKJ'fJ
plate current. Tuning of the antenna may
Orilss'rod
detune the output amplifier circuit and, therefore, retuning of the final tank should follow
each adjustment of antenna tuning or coupling
adjustment. If the plate current of the amplifier is higher than rated after retuning,
Knob bsllils
the coupling should be reduced. If the
Ant.
ort:'tif:ther plate current is not up to rating, the anCOl
tenna coupling may be increased. Each
adjustment of coupling should be followed
with a check on the tuning of the final amplifier tank and the antenna tuner.
Shield / '~~~ G.R.Plu1
Coupling untuned lines will have less detuning effect than tuned lines if the system is
correctly adjusted. Coupling adjustment in
this ca.se consists chiefly of increasing the
coils
+B
coupling until the final amplifier draws rated
plate current, although a final check should be
Fig. 1410 - Arrangements for using the shields with
made on the tuning of the output amplifier.
single-ended and push-pull circuits.

c

E--3-

P/u~
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1 "About Thi. Hannome Radiation Problem," Woodward, QST. Feb. 1937; .. Eleet ...... tatie Shielding In
Traruomitter. Output Cireuit.... Long. Prieat, QST, March 1937.
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Keying Systems - Key-Click Filters - Break In - MonitoringBroadcast Interference
SATISFACTORY keying, from the standpoint
of code-character formation, results if the
keying method employed reduces the power
output to zero when the key is "open" and permits full power to reach the antenna when the
key is "closed." Furthermore, it should do this
without causing keying transients or "clicks,"
which cause interference with other amateur
stations and with local broadcast reception;
and it should not affect the stability of the
transmitter.

tubes following the keyed stage. The stability of the transmitter can be adversely affected by keying if the keyed stage directly
follows the oscillator. Practically all oscillators, including crystal-controlled types,
will exhibit some frequency change with
changes in load. In a multi-stage transmitter
the load on the oscillator is of course the input
circuit of the following tube j for this reason
it is good practice to have a buffer stage between the oscillator and the keyed stage. Electron-coupled or Tri-tet oscillators are less
subject to this difficulty than straight selfcontrolled or crystal oscillators because of the
buffering action of the separate output circuit
used in these oscillators.
If the oscillator itself is keyed for break-in
work, chirpy keying will nearly always result,
especially on the higher-frequency bands. On
14 Mc. and above, therefore, it is normally
advisable to forego oscillator keying (and
break-in) for the distinctly better keying that
will result from keying a buffer and! or final
stage.

Back-Wave
From various causes some energy may get
through to the antenna during keying spaces.
The effect then is as though the dots and dashes
were simply louder portions of a continuous
carrier; in some cases, in fact, t'he back-wave,
or signal heard during the keying spaces, may
seem to be almost as loud as the keyed signal.
Under these conditions the keying is hard to
read. A pronounced back-wave often results
when the amplifier stage feeding the antenna
is keyedj it may be present because of incomplete neutralization of the final stage, allowing
Plate Keyinlt
some energy to get to the antenna through
the grid-plate capacity of the tube, or because
A stage keyed in the power supply ahead of
of magnetic pickup between antenna coupling the filter is often advantageous, because the
coils and one of the low-power stages.
filter acts as a lag circuit, giving a desirable
A back-wave also may be radiated if the key- form to the keying characteristic. However, if
ing system does not reduce the input to the much filter is used it will be found that toe
keyed stage to zero during keying spaces. This , lag becomes too great for high-speed keying.
trouble will not occur in keying systems which
A simple method of plate keying, adaptable
cut off the plate voltage when the key is open,
but may be present in grid-blocking systems if mainly in small portable transmitters where
the blocking voltage is not great enough and, the voltage is not high, is that shown in Fig.
in power supply primary-keyed systems, if only 1501. The condenser C1 should be varied to
the final stage power supply primary is keyed. give just enough lag to overcome any tendency
towards clicks. It is not advisable to use this
Choosinlt the Stage to Key
system with high voltages unless a keying
Radiation of a back-wave often can be pre- relay is employed.
vented by keying a stage preceding the final
amplifier.
POWER SUPPLY r...----r:---~
If one of the early stages in the transmitter is
OR
C,
keyed, the following stages must be provided
BATTERIES
T keJp:1To sftuJe
with fixed bias sufficient to cut off plate cur•
rent, or at least to limit the current to a safe
FiS. 1501 - Simple negative-lead keying, applicable
value. Complete cut-off is preferable, since the
low-voltage stages. Tbe condenser Cl should be the
possibility of back-wave radiation is reduced to
minimum that will prevent any click.. Between 0.25
when no plate current at all is drawn by the and 1.0 ICfd. will be about right.
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Primary Keyin~

Grid KeyinA

Keying the primary of one or more plate
Grid keying methods operate on the printransformers will result in excellent keying ciple of controlling plate current flow through
with no clicks or thumps on the signal, and application of proper bias values with the key
only a small local click due to the spark at the opened and closed. Two representative arkey. This click is easily reduced by means of rangements are shown in Fig. 1506. The upper
an r.r. filter (see Fig. 1515). However, if ade- dra wing shows the key inserted in series with
quate filter is used on the power supply the the grid leak or grid return circuit. With the
keying will be too" soft" and the lag too great, key closed, the amplifier or oscillator operates
and for this reason primary keying should be normally; with the key open, there is no d.c.
done in a driver stage, and never in the output path between grid and filament, consequently
stage. A driver stage, if it is fUUy exciting the the electrons drawn to the grid by the exciting
driven stage, can have the filter reduced to a voltage remain trapped on the grid causing it
point where the keying will not be too soft and to assume a highly negative charge. The sysyet the excitation will not introduce much rip- tem works best with high-t< tubes: it may be
ple on the signal.
found impossible to completely cut off low-t<
Two methods of primary keying are shown tubes.
Another method of accomplishing the same
in Fig. 1502. Each method requires a bias pack
capable of delivering cut-off bias for the final result, in this case through supplying addistage. In the second method, since the final tional fixed bias of sufficient value to cut off
stage is biased to cut-off, the filter condensers plate current flow despite excitation, is shown
of the final stage power supply will remain in the lower drawing of Fig. 1506. Grid-leak
charged between characters, and care should bias for normal operation is shown, although a
be taken to see that these condensers
are discharged when the station is shut er. 'tati
DRIVER
down or coils are being changed. A high- '1:1 On
STAGE
resistance bleeder (R2) of ~-megohm or
so will discharge the condensers to a low point
after a period of time without impairing the
keying.
Controlled Rectifier Keyinll
The advantages of primary keying, with the
additional advantage of not having to break
a heavy current with the key or keying relay, can be obtained with the controlled rectifier tubes recently made available to amateurs. These tubes can be obtained with
either grid-control or external magnetic Ellctationr------,
control. They can be used for power1-----1
supply keying in the same fashion as
primary keying (Fig. 1502) with the modification that where a primary was shown keyed,
the rectifier tubes are keyed.
Representative grid-control keying circuits
are shown in Fig. 1503, and a magnetic-control
diagram is shown in Fig. 1504. (Bib. 1,2)
Controlled-rectifier tubes cannot be used as
keyer tubes in d.c. circuits but only in a.c. applications.
Since the current flowing from the rectifier
into a condenser-input filter is pulsating d.c.
that reduces to zero during each half of the
Fig. 1502 - Primary keying method.. The upper
cycle, a grid-controlled rectifier tube can be diagram show. only the driver stage keyed; the lower
used to key between the rectifier and the first diagram shows keying of hoth driver and final stages.
can usually he on the order of 1 ~d.; higher values will
condenser of the filter. Such a system is shown CI
introduce "tails.» C, should have a voltage rating capain Fig. 1505. Here a single grid-controlled ble of withstanding the bias developed across Rl, and
rectifier is used to key two stages, and the type should have a capacity of " ~d. or more. RI is the usual
of grid leak resistor for the tube or tubes used in the
of keying is quite similar to the lower system size
final 8tage, with a 81ightly greater-than-normal rating
shown in Fig. 1502, and has the same general to withstand the estra current introdnced by the bias
snpply.
characteristics. (Bib. 3)
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battery or other bias source could be substi.
tuted for the leak. With the key closed, the
lower end of the leak is connected to the
filament center tap. When the key is opened,
additional bias from the blocking-voltage
source is connected in series with the leak
through the resistor R. The chief function of R
is to limit the flow of current when the key is
closed, since without R the key would be a
direct short circuit. The value of R is not
critical but should be quite high - at least
5000 ohms for every 45 volts - to limit the
current to a safe value. The additional bias
voltage required to cut off plate current (or
"block" the grid) will depend upon the amplification factor of the tube and the amplitude
of the excitation voltage; it must at least be
equal to the peak positive grid swing plus
the bias required to cut off plate current without excitation. If the amplifier or oscillator is
operating Class-C, the keying bias required
probably will be two or three times the normal

1----+

To fiiter

Fig. 1504 - Keying with magnetic-coutrol rectifie .....
R - 4000 ohms, 75·watt.
ZSOV.
IOMA.
Tl - Plate transformer.
T. - Rectifier filament transformer.
X - Switeb to allow preheating filaments.
MI, M2 - Magnet coils, wound on U-shaped cores the
ends of which are placed on either aide of the
tube. 5000 turns of No. 34 or 36 wire on a half.
inch square silicon ateellaminated core, approximately 1)1" 10Dg 00 each side of the U (Ray.
theon U3372).

operating bias (twice cut-off). Smaller bias
would serve for an amplifier with less excitation.
Grid-block keying systems are best adapted
to stages using high amplification-factor tubes
working without too much excitation.
Center-Tap Keying

A combination of both grid and plate circuit
keying is shown in Fig. 1507. This method,
known as center-tap keying, has attained wide
popularity. In center-tap keying, one side of
the key is connected to the midpoint of the
filament center-tap resistor or to the center-tap
of the filament transformer; the grid and plate
returns connect to the other side of the key.
Center-tap or cathode keying gives an excellent keying characteristic but it has the disadvantage that considerable voltage can appear across the key, and a keying relay should
normally be used .

2.$V.

2.SV,

. H.V.

r,.."...

Suppreflsor-Grid Keying

11~4,""
25,1JOO 11

n~
110

v.

Fig. 1503 - Keying with grid-oontrol rectifie.... Tbe
two upper systems require high-voltage-insulated relays
lor keying. These can be made easily from old triekle·
charger automatic switehes, with the contacta placed on
bakelite outrigge.... Tbe contaeta can be small becau""
the current is negligible. The lower diagram sbowe a
system requiring no relay but nec_itating a well.
in.mated tranaformer. The voltaIC from the keying
transformer should be 300 or more volta each side of
eenter tap.

Keying the suppressor grid of a pentode-type
tube usually will be found to be quite satisfactory. The plate current can be completely
cut off by placing a small negative voltage on
the suppressor grid
100 to 200 volts is adequate in most cases. Fig. 1508 illustrates one
method, using a separate power pack which
supplies keying bias, that has been used in a
number of stations with excellent results.
With the key open, the suppressor receives
negative bias through the 50,OOO-ohm resistor,
the value of bias being adjusted to cut off
plate current. When the key is closed, the suppressor bias is brought to zero through return
to the cathode. The 50,000-ohm resistor pre-
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the bias supply. The
combination of Rl and Cl forms a lag circuit
for the elimination of clicks. The resistor and
condenser can have practically any value, so
long as their product (ohms times microfarads)
is around 5000. It is not wise to have the value

vents short-circuiting

IIOV::.A.C.

Fig. 1505 - A method of applying a single controlled.
rectifier to multi.stage keying.
Tl - Bias transformer, 300.volt each side, low current,
insulated for total plate voltage.
T. - Driver plate transformer.
Ta - Final plate transformer.
T. - Keyed.rectifier filament transformer. 2~.volt,
10,OOO.volt insula tion.
KT - Controlled rectifier tube. (Eimac K Y .21 or
Sheldon KY·866.)
Cl - .25 ,.Id., 600.volt paper.
C. - 1 ).Ifd. if driver use. high voltage and low eurrent;
2 ,.Id. if driver take. low voltage and high eur·
rent~

Ca, c., Ch - Final amplifier filter.
Rt - 50,OOO·olun, 2.watt carbon.
R. - 1-3 megohm, or high·voltage voltmeter.
Ra - Driver stage grid leak.

zero, however, 80 screen keying is seldom used,
although it has iSOme application in oscillator
keying, as will be described later.
Keyer Tubes
Vacuum-tube lag-circuit keying arrangements are shown in Fig. 1509. They
may be used in the plate, screengrid, or center-tap circuits of any
amplifier which is to be keyed,
The time-constant of the resistance and capacity in the grid circuit of the keyer tube provides the
slow build-up of power output
which prevents clicks. The keyer
tube has some resistance even
though the grid is connected to the
filament when the key is closed, so
the plate voltage on the keyed
stage will be lower than with other
keying systems. To overcome this,
several tubes may be connected in
parallel. The 2A3 or 45 type tubes
are excellent for low-power transmitters because their plate resistance is Jow. One tube can be used
for each 50 rna. of plate current required by the tube being keyed.
The filament transformer for the
keyer tubes need not be center-tapped: in fact,
the tubes may be connected in series if desired.
Tube keying is used in a large number of
commercial high-speed transmitters and is
well worth investigating by the serious amateur interested in good keying.
Sources of Bias
If a multi-stage transmitter is keyed in one
of the low-power stages, it is necessary to bias
the following stages so that they will not

of resistance too high, however. From 5000
to 10,000 ohms is about right. The power pack
can also be used to supply bias voltage for the
following stages.
Screen-Grid Keying
Screen-grid tubes often can be keyed by inserting the key in the positive screen lead,
especially when the screen voltage is obtained
from a supply separate from that furnishing
the plate power. If the screen voltage is obtained from the plate supply through a dropping resistor, this method of keying is unsafe
with high-voltage tubes unless a keying relay
is used, because the potential on one side of the
key rises to the full plate potential when the
screen current is cut off. Opening the screen
circuit does not always reduce the output to
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Fig. 1506 - Methods of blocked-grid keying. These
systems are normally snitable only for high.~ tubes,
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draw plate current with the key up. A simple
a.c. power supply is ordinarily used for this
purpose, although batteries can be substituted. The grid leak resistor will be placed
across the output of the bias supply and, in
cases where large amounts of grid current are
drawn at fairly low voltages (low resistance
grid leak), the bias supply must run at fairly
heavy current. For example, if the final amplifier is to run with 400 volts bias at 100 rna.,
a grid leak of about 4000 ohms will be used.
But if the cut-otT bias is 200 volts, the grid
resistor will draw 50 rna. from the bias supply.
This relatively heavy drain must always be
considered when building a bias supply. Also,
the grid leak resistor must be heavy enough
to stand the current and the filter condensers

Plate B/?eturn

Gnd

Plate BRewrn

Return

Fie. 1.507

Center· tap keying.

type tubes i~ show n at the left

for filament
cathode types

at the right. The by.pass condensers,
should he about
0.001 ;.tltfe!. and capable of withstanding full plate
voltage. They are necessary to furnish an

r.r.

return to

ground. Full plate voltage appears across the key, sO a
relay should he substituted for the key if high voltages
are used.

must have a high-enough voltage rating to
stand the full bias voltage.
ff the bias supply is to be used only for keying, as in the case of grid-block or suppressorgrid keying, a very small b.c. transformer
may be used, its only requirement being that
it furnish sufficient voltage, (Bib. 4)
It is possible to obtain keying bias without
extra cost from the power supply used for lowpower stages in multi-stage transmitters, when
the keyed stage has its own separate supply.
This can be done as illustrated in Fig, 1510.
Since this entails connecting the positive terminal of the low-voltage supply to the negAtive
terminal of the high-voltage supply, th!' fila-

Fig. 1508 - Suppressor-grid keying. Tbe condenser Cl can be the
uBual 0.01·4d. by-pas.
shunted by a larger condenser to give tbe proper
time ..constant.

ment circuits of the tubes working from the
two supplies cannot be connected together.
The condenser C serves to put all cathodes at
the same rJ. potential without direct connection between them. Resistor R limits the current when the key is closed, as alreadv explained. A value of 50,000 ohms will suffice for
a low-voltage supply of 400 volts or so. It
should have a rating of about 5 watts.
Oscillator Keying

Experience with keyed oscillators has shown
that the use of a voltage divider instead of a
simple series resistor for the screen of the oscillator tube helps materially in eliminating
chirps. Cathode keying of the oscillator is simple and usually etTective. Two methods of keying in the cathode circuit are shown in Fig.
1511, and screen-grid keying is shown in Fig.
1512. The suppressor-grid of a Tri-tet oscillator
may be keyed, as in Fig. 1508, but the crystal
will oscillate weakly all of the time, as in the
case of screen-grid keying, resulting in a signal
in the receiver on the crystal frequency even
with the key in the "open" position. For this
reason, screen-grid and suppressor-grid oscillator keying are not recommended for
net-frequency operation unless the transmitter is well-removed from the receiving
location.
Crystal keying can also be used to advantage, and two typical circuits are shown in
1513,
If it is found difficult to key an oscillator
without a chirp, loosening the loading on the
oscillator may cure it. If it is a pentode-type
oscillator, the capacity of the tuning condenser
should be decreased slightly instead of running the tube at its maximum output point.
Decreasing the capacity of the cathode condenser will help in the case of a Tri-tet oscillator.
If an electron-coupled oscillator chirps under keying, it may be that the grid-circuit
tank utilizes too low-C a circuit, and taking
turns otT the coil and increasing the condenser
size will help, Detuning the plate circuit will
also contribute to the stability, as will careful
proportioning of the screen and plate voltages. A major cause of poor e.c.o. stability is
incomplete shielding from the high-powered
portion of the transmitter, and it is advisable
to remove the e.C.o. from the transmitter
proper and place it in a well-shielded box on
the operating table if any chirp persists. Link
coupling, with one side of the link-line
grounded, can be used between the e.c.o.
and the transmitter.
Key Clicks and Thumps

+

When power i5 applied or removed from
the transmitter very suddenly, as in the
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case of keying, it is the same as though the
transmitter were being modulated by a signal
which contains a great number of different
frequencies, with the result that the sidebands
can extend for many kc. either side of the
transmitter frequency, at the instant that the
power is applied or removed. The signal that

frequencies within a few kilocycles of the
transmitting frequency. In other words, key
clicks are likely to be observed on only those
broadcast receivers located within a hundred
yards or so of the transmitter, but may cause
interference to amateur stations hundreds of
miles away working in the same portion of the
same band. Obviously it is to the interests of
the amateur himself to prevent key clicks, not
only because of a possible unfavorable reaction on the part of nearby broadcast listeners
but also to prevent unnecessary interference
in the amateur bands.
Prevention of Key Clicks

There are two general methods of attack in
preventing keying transients. The first is by
feeding the power to the transmitter at a comparatively slow rate on closing the key and
shutting it off gradually instead of suddenly
on opening the key. The second is by the use of
radio-frequency filters which absorb the transient before it can get to a part of the circuit
from which radiation is possible. Both methods
have been very successfuL
Lag Circuits
Dlael,,'

valin'!'/!

Fig. 1509 - Vaeuum-tuhe keying. The series method
is simple hut does not completely cut off the current
flow. It may he used in 80me applications where the
following stage is heavily hiased. C may he hetween 0.25
and 1.0 J.<id. Resistor R should he adjusted to cause the
plate current to drop to a minimum when the key i.
open. A variahle re8istor of 50.000 ohms should give
enough rauge.
The system with external bias is very effective. HI
and Ct give the variable time.constant. and should be
proportioned as described under .uppre.sor.~rid keying,
except that the resistance can he a much higher value,
with the capacity correspondingly lower.

is heard off the main frequency is the familiar
key click" or "key thump" that many stations are guilty of. It is eaused by the steepness of the wave-front of the applied power.
Another type of click that can only be heard
locally and does not necessarily appear on the
transmitted signal is caused by the spark at
the key, where the spark acts as a miniature
spark transmitter. With some types of keying,
the r.f. generated at the key can get back to
the transmitter and modulate the transmitter.
This type of trouble can easily be eliminated by means of a small d. filter at the key.
Because the amount of energy involved is
small and is distributed over a wide band of
frequencies, the interferenee-producing effects
of keying transients usually are confined to an
area quite close to the transmitter except on

Three representative lag circuits are shown
in Fig. 1514. The one shown at B is a more
complex version of the one shown at A, and
can be tried in hard-to-cure cases. That at Cis
a novel system that has worked well in several
cases.
Lag circuits should be used in keying when
it is found that the signal itself has a thump or
click on it, as reported by other amateurs. A
click in local b.c. receivers may often be caused
by only the spark at the key and can be cured
by a simple d. filter.
R.F. Filters

With an r.f. key filter the transient oscillations set up at the key are prevented from
reaching the transmitter and being radiated.
To be most effective, this type of filter must
be installed right at the key, since connecting

H
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Utilizing the low-voltage power snpply
for blocking bias in blocked.grid keying. C should be
0.002 J.<id. or 80.
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leads of even a few feet between key and filter
are long enough to permit radiation of clicks
and consequent interference to nearby receivers.
An r.f. key filter usually consists of a pair of
rJ. choke coils having an induetance of ten
millihenrys or 80, connected in series with each
of the key contacts and shunted by a condenser as shown in Fig. 1515. The condenser
ordinarily will have a capacity of 0.1 to 0.5 /-If d.
As with the lag circuit, some experimenting
with different inductance and capacity values
probably will be required for effective elimination of clicks in individual transmitters.

Self-oscillations have a tendency to start each
time the key is closed, resulting in bad key
clicks even though the oscillation is immediately killed off by excitation.
Other Considerations in Key Click
Prevention

Less trouble will be encountered in eliminating key clicks if the power supply for the keyed
stages has good voltage regulation (see Chapter Eleven). If the voltage regulation is poor,
the plate voltage with the key open may be
50% to 100% higher than with the key closed;
hence, at the instant of closing the key there is
an impact at much higher than
normal voltage. This intensifies the
key click.
Key clicks are less likely to be radiated if the antenna or feeder system is
inductively coupled to the transmit·
ter rather than directly or ell. pacitively coupled. A considerable reduction in key clicks often can be secured
simply by changing a non-inductively
coupled system to an inductivelycoupled one with little stray capacitive coupling.
It is always desirable and in some
KEY
- H.V. +
cases may be necessary to run the
B
A
110-volt leads to the transmitter in
Fig. 1511
Catbode keying for tri.tet oscillator.
BX cable, grounding the outer shield. ShieldTypical values for 6L6: R, - 50,000 obms; R2 - 20,000
ing of the keying leads also may be helpful, esobm.. B
Catbode keying for grid.plate oscillator.
pecially if a long line is run between the trans50,000 obms; R4 - 400
Typieal value. for 61.6: R3
obms; R6
20,000 obms.
mitter and the key. Whenever shielded wire is
used the shield should be connected to a good
Parasitics and Key Clicks
ground.
If it is found that the use of standard key
To prevent keying transients from being
click filters has little or no effect upon clicks, carried over house wiring and power lines from
an investigation should be made to determine the transmitter to nearby receivers, a filter
if parasitic oscillations are taking place in may be installed in the lIO-volt line which
any of the transmitter circuits. In any case, feeds the power transformers. Such a filter is
it should be possible to adjust the bias of any shown in Fig. 1516. It consists of a pair of
amplifier so that some plate current is drawn radio-frequency choke coils, one in each leg of
without the amplifier going into oscillation. the line, and a pair of condensers in series
41

Fig. 1512 - Two systems for screen key.
ing of tetrodes or pentodes. A - For 89 or
802: R,
75000bms: R2 - 5000 obms: R,
- 30,000 obms, 20 watts: R4
40,000
obms, 20 watts. B - R. - 10,000 obms;
Re
75,000 obms; R7 -10,000 obms;
Rs
100,000 ohm.; R9 - Usual plate
supply bleeder.

MEV

-

J.(,V,

+
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MirOI5B the line with their mid-oonneotion teriell if not too much grid current iB run
grounded. These filters are commercially
available in most radio stores, but can easily
be assembled in the home workshop.
The wire of which the chokes are wound
must be heavy enough to carry the current
taken by the power-supply system. No. 14 or
No. 16 will be sufficient in most cases. Mailing tubes or pieces of broomstick make good

through them, or a bias supply can be built
for the purpose. The grid-block system for
keying an entire transmitter, shown in Fig.
1517, has the merit that all stages are blocked
when the key is up, and a low-current bias
supply can be used. The voltage obtained from
the supply must be at least equal to the cut-off
voltage of any tube in the transmitter.

Fig. 1513 -

Crystal

keyin~ circuits~

.fl

I

Kev

- H,V••

B

A
winding forms for these chokes. Between 100
and 300 turns will be required. The condensers
may be O.l-.ufd. units rated at 200 volts or
more.
Break-in Keyin~
The possession of a transmitter that can be
used for break-in operation is practically a
necessity in traffic and contest work and is a
great convenience in everyday operating and
rag-chewing. Break-in operation requires that
there be no local signal from the exciter stages
when the key is up, and therefore oscillator
keying followed by biased stages is dictated,
except in the few instances where it is possible
to locate the transmitter a mile or more from
the receiving location. Any of the keying
systems described can be used to
a crystal
or electron-coupled oscillator, but care must
be taken to see that the stability of the signal
is not affected. The bias for the stages following the oscillator can be obtained from bat;...

A

Monitorin~

It is a distinct advantage to be able to listen
to one's own sending during transmission
periods, particularly when a "bug" key is used
at high speeds, because it is easy to get into
careless habits of running letters together and
getting too many dots in some of the letters.
A signal manitar checks both keying and note
by giving an accurate representation of the
signal, while a keying manilar works in conjunction with the key and shows only how the
characters are being sent. A signal monitor
must be stable and insensitive to line-voltage
changes, otherwise it will not give an accurate
picture of the signal if keying the transmitter
fluctuates the line voltage. Signal monitors
are described in Chapter Seventeen. Often
the station receiver can be used as a signal
monitor, by shorting or disconnecting the antenna, backing down the gain and tuning to the
signal, but this is often inconvenient and a
separate monitor is more practical.

B

c

Fig. 1514 - I,ag cireuits for eliminating thumps and click•• The primary of a hell-ringing transformer will usually serve at L in low-powered transmitters.
C - 0.25 to 1.0 pid.
C2 0.006 "fd.
R2 500-25,000 ohms.
Cl - 0.5 "fd.
R - 56-200 ohme.
Tl - Bell-ringing t ran.former.
Rl-looohms.
Radio-frequency chokes may be neeestlsry at "x" in B.
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Keying monitors can be any simple audio
oscillators which obtain their plate voltage
from the drop across a resistor in one of the
power leads of the transmitter. Since no current flows from the power supply to the transmitter during" key up" periods, the monitor
will be silent until the key is pressed, at which
time the voltage drop across the resistor will

Fig. 1515
An r.f. filter for
the ahsorption of keying tran·
sients. It is ordinarily used with.
ont a condenser directly across
the key. However, an improve.
ment sometimes results when a

R F' C

~FC

condenser of ahont .002 ,..rd. is
connected as shown hy the
dotted linea.

[l, KEY

+H.V,-

Fig. 1511- Blocked.grid keying system for hreak.in.
RI, R2, Ra
Usual values; R.
20,000 ohms, 50
watts; Rs - Final stage grid leak.

actuate the monitor. An audio oscillator suitable for use as a keying monitor is diagrammed
in Fig. 1518. It is more convenient and safe to
use battery supply for the filaments and a
loud speaker for listening than it is to try to
feed the signals into the headphones. The resistor Rl will control the pitch of the signal;
Ra should be adjusted so that the drop across
it is approximately 30 volts. If the current
through the lead is known, the value of the
resistor will be given by

R

30,000

-J-

where I is the current in milliamperes. For
example, if the current is 100 milliamperes, the
resistor should be 300 ohms.
Interference to Broadcast Reception
Key clicks and thumps are not only a source
of annoyance to other amateurs working in the
same frequency band and a mark of a careless
amateur, but they can also be responsible for
considerable interference to nearby broadcast
receivers. A second type of interference, called
"blanketing" because it causes the program to
disappear or come in at reduced strength whenever the key is closed, also is common. This
type of interference can be minimized by
moving the broadcast antenna away from the
transmitting antenna or by changing its direction. The pick-up will be least if the two antennas are at right angles to each other.

..
Tol'ower
Supply

Fig. 1516

llQ.rolt Line

R.f. filter for the power line.

In severe cases it may be necessary to install
a wave-trap at the receiver to prevent blanketing. A wave-trap consists simply of a coil and
condenser connected as shown in Fig. 1519.
The condenser may be an old one with about
250 or 360 J.lJ.Ifd. maximum capacity and need
not be especially efficient. Most amateurs have
"junk boxes" with several such condensers in
them. The sille of the coil will depend upon the
frequency on which the transmitter is working.
Reprcsentative values are given in the table.
Frequency of
Interfering Signal
1715-2000 kc.
3500-4000 kc.
7000-7300 kc.
14000-14400 kc.

Coil (3" dia.)
20 turns
8-10 "
4-5 "
3
"
Bell wire (No. ] 8) or a sille near to it may be
used. When the trap is installed the trans-

Fig. 1518 - Au audio-oscillator keying monitor.
Cl - 0.01 ""fd., 6OO·volt paper.
RI
5.megohm variahle.
R2 - 300 ohms for loo·ma. plate current; 600 ohms for
:;O.ma. pl.ate current. etc., 2.watt. (See text.)
TI - Mldget audIO transformer (Thordaraon T.14A92).
S.
S.P.s.t. toggle.
Speaker can be small permanent·magnet speaker, 3"
or 90.

CHAPTER FIFTEEN

229

The Radio Amateur's Handbook
mitter should be started up and the condenser
in the trap adjusted to the point where the
interference is eliminated. This trap will not
affect the operation of the broadcast receiver.
Blanketing may be and generally is accompanied by key clicks. The wave trap may help
to eliminate the clicks but usually a key click
filter will be needed as well.
Low-Pass Filters for Blanketing
The chief disadvantage of the wave-trap is
that it has to be retuned if the transmitting
frequency is changed from one band to another,

Fig. 1521
pass filter.

Circuit diagram of sharp cut·off lowInductance in MicrohenricA

A
B
Fig. 1519-How a wave·
trap can be installed to

Microbenries

1.1
1.2
38
28
40
6
Coil Specifications
Turns

19

interference.
Ti>

"nd, mi.

20
28

and sometimes also if the frequency change is
only from one end to the other of the same
band. In such cases a better arrangement is the
low-pass filter, designed to reject all received
frequencies except those below a certain critical frequency. If the critical frequency is
chosen just below the lowest amateur frequency used, the transmitter can be shifted
from one band to another without the necessity
for readjustment of a wave trap. A typical
low-pass filter is shown in Fig. 1520. The constants given are for a cut-off frequency of 1600

19
20

=,",0.

prevent certain tYIJes of

-$'

L3

28 d.s.c. wire

19
24

38
29
40
30
Coils wound on l%".diameter form.

. Fig. 1520 - A low-pass filter for reduction of inter·
ference witb broadcast reception. It sbould be installed
at the receiver. Constants are a8 follows: L" 54 turns
of No. 24 d.s.c. OIl l%-incb diameter form; 1.2,33 turns
same; C, 500 ""fd. fixed. Cut.off frequency is approxi.
mately 1600 kc.

Superheterodyne Harmonics
A third type of interference is peculiar to
superheterodyne broadcast receivers. A strong
signal from the transmitter will be heard at
three or four points on the dial, while over the
rest of the tuning range there may be no sign of
interference. The explanation lies in the fact
that the transmitted signal is picked up by
beating with harmonics of the SUperheterodyne
oscillator and amplified by the Lf. stages in the
receiver. If the receiver is properly shielded and
the oscillator is isolated from the antenna
circuit, the signal cannot get into the oscillator circuit to be mixed with its harmonics
and this type of interference cannot occur.
When it does occur the fault does not lie with
the transmitter but with the broadcast receiver. A wave-trap may help if the transmitter signal is brought into the receiver through
the antenna, but in some cases the pick-up is
direct and the interference is just as strong
whether the antenna is connected to the receiver or not.

kilocycles. The filter is designed for terminating impedances of 400 ohms.
Another type of filter which has a sharper
cut-off than the one just described is shown in
Fig. 1521. This is of particular advantage for
'phone stations operating in the 1800- and
3900-kc. hands, since maximum attenuation
is in the middle of those bands, the nominal
cut-off being somewhat lower. The type A
filter has greatest attenuation at 1930 kc., with
cut-off beginning at 1670 kc. Type B has greatest attenuation at 3950 kc., with cut-off beginning 'at 2470 kc. The type A is recommended
for work in several bands.

Fig. 1522
Devices for eliminating noise from mercury-vapor rectifier tubcs. Tbe r.f. cbokes in geneS witb
each plate sbould be placed inside the shield. enclosing
tho rectifiers. The chokes should ba ve an inductance of
about 10 millihenrys each. Small boneycomb-type
windings are suitable. Condensers of 0.002 "fd. and 150%
voltage rating shonld be used.

c

c

7Q Set
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Often interference of this type with a nearby
receiver can be eliminated by changing the operating frequency of the transmitter. (Bib. 5).
Rectifier Noise
Mercury-vapor rectifiers often are the source
of a peculiar type of interference which takes
the form of a raspy buzz with a characteristic
120-cycle tone (100 cycles on 50-cycle power
lines and 50 cycles on 25-cycle lines) often
broadly tunable in spots on thc broadcast
receiver dial. At the instant the mcrcury vapor
ignites on each half cycle of the power frequency an oscillation is set up, the frequency
depending upon the characteristics of the
power supply apparatus. Unless suitable precautions are taken the oscillations. will be
radiated or will travel back over the power
line.
The line filter shown in Fig. 1516 usually will
suppress this type of noise. Sometimes the
condensers alone will do it, no chokes being
necessary. Transformers with electrostatic
shields between primary and secondary are
not likely to transmit the oscillations to tbe
line. Other ways of curing this type of interference are sbown in Fig. 1522. Sometimes making the plate leads to the rectifiers extremely
short will be Bufficient.
Checkin,g for Interference
One's own broadcast receiver, if of modern
design, is a good "subject" for experimenting
with key click filters and other interferenceprevention methods. If interference can be
eliminated in a receiver in the same house,
operating from the same power line and with
an antenna close to the transmitting antenna,
the chances are good that there will be no
general interference in the neighborhood. The
amateur should ascertain, however, whether or
not interference is caused in nearby broadcast
receivers. If your neighbors appreciate that
you are as much interested in preventing interference to their enjoyment of broadcast programs as they are, much more can be accomplished than by acrimonious disputes. It is
better to settle the interference problem right
at the beginning than to trust to luck with the
possibility of an unfavorable reaction towards
amateur radio in general and yourself in particular by nearby broadcast listeners.
In searching for causes of interference, it is a
good idea to have someone operate your transmitter while you listen on the affected receiver.
Remove the antenna from the rcceivcr, and if

the interference disappears it is certain that it
is coming into the set through the antenna.
The various types of interference prevention
already described should work under these
conditions. If the interference persists when the
antenna is removed, it is probably getting in
through the power lines. This happens occasionally with a.c. operated receivers.
House wiring may pick up d. either directly
from the antenna or through the power-supply
system of the transmitter. If the llO-volt line
is found to be picking up energy directly from
the antenna it is advisable to change the location of the antenna, if possible, or run it in a
different direction. This is particularly important when, as often happens, electric lamps in
different parts of the house are found to glow
when the key is pressed. The energy used in
lighting the lamps is wasted.
If d. is found to be getting into the line
through the power-supply, a line filter such as
is shown in Fig. 1516 should be used, together
with power lcads in grounded BX.
Radiotelephone Interference
Key-click filters are naturally of no value on
transmitters used exclusively for 'phone transmission, since clicks do not occur. A phenomenon similar to key clicks can take place if
the transmitter suffers from frequency modulation or from over-modulation, because both
these defects cause the radiation of side-bands
often far removed from the band of frequencies
normally required for the transmission of
speech. These abnormal side-bands can and
frequently do cause interference in the broadcast band, often just as a series of unintelligible
noises when the transmitter is modulated.
The obvious remedy is to use a radio frequency
system in the transmitter whose frequency
does not vary when modulation is taking place,
and to adjust the transmitter so that overmodulation or "lop-sided" modulation does
not occur. Chapter Sixteen covers this subject.
Blanketing and other forms of interference
caused by r.f. pickup can be treated in exactly
the same way as described previously. Wavetraps or low-pass filters in the receiving antenna lead-in and r.f. filters in the power lines
will prove effective in eliminating this type of
interference.
Biblio,graphy
QST, j<'ebruary, 1938, page 34. 2 QST, September,
1938, palle 42. a QST, ]anuary,1939, page 31. 4 QST, Sep.
tenll.er,1938, palle 30. • QST. Septen>ber.1937, ,.alle 12.
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Adjustment of 'Phone Transmitters
Procedure for Various Modulation Systems - Checking' Modulation Percentages and Linearity - Use of Oscillo-'
scope - Trouble Shooting - Eliminating
Broadcast Interference

A

'PHONE TRANSMITTER built of the best
parts obtainable, combined according to good
design practice, may emit badly distorted interference, creating hardly intelligible signals
if operated with improper adjustment. If the
quality of the modulation of a 'phone station
is a factor in the number of contacts and the
results obtained - and there is no doubt that
this is true - an inexpensive low-power transmitter combining good design with proper
adjustment is far more effective and satisfactory than one of much higher power but poor
adjustment and consequent high distortion.
The general requirements for proper adjustment are common to 'phone transmitters
employing the different methods of amplitude
modulation discussed in Chapter 6. These requirements include:
1. Impedance match of modulator to modulated amplifier.
2. Linearity of modulated amplifier.
3. Avoidance of over-modulation.
4. Prevention or elimination of r.f. feedback
into audio amplifier.

In addition to meeting these considerations,
the transmitter must be capable of modulation
without any change of carrier frequency.
Design of the r.f. section for freedom from
unintended frequency modulation is discussed
in Chapter 5.
• ADJUSTMENT OF PLATE-MODULATED
TRANSMITTERS

For simplicity of adjustment to proper
operating conditions, the plate-modulated
'phone transmitter is unexcelled. In the most
usual case, a c.w. transmitter is provided with
a Class B or Class AB modulator capable of
sine-wave audio output equal to half the power
input at which the modulated amplifier is to
be operated. The only circuit change of the d.
portion of the transmitter is insertion of the
secondary winding (or a portion of the secondary in the case of a multi-impedance trans-
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former) of the modulation transformer in.
series with the plate supply connection of the,
final amplifier. The impedance which the:
modulation transformer must match is the:
value obtained by dividing modulated amplifier plate voltage (volts) by mod. amp. plate
current (ma.) and mUltiplying by 1000, as;
explained in Chapter 6.
Correct grid bias voltage for the modulatedl
amplifier may be as much as three multiplied!
by the correct bias for the same stage and same,
plate voltage with c.w. operation, as specifiedl
in the manufacturers' tube tables. The latter
source, or the tube tables given elsewhere iru
this book, should be consulted for correct:
operating bias with plate modulation. An 809,.
for instance, should be given 160 volts negative'
bias for 'phone operation at 500 or 600 volts
plate, while the same tube requires only 50
volts and 60 volts, respectively, negative bias
for telegraph operation at 500 and 750 volts.
Correct r.f. excitation power for a modulated amplifier, al80, may be as great as three
times enough grid driving power for c.w.
operation. Some c.w. transmitters, however,
are normally operated with much higher excitation than the minimum required value, so
that in some cases no increase of driving power
is necessary. If the excitation power is sufficient
to cause a grid current value equal to or slightly
greater than the value specified by the tube
tables for plate-modulated operation at the
specified grid bias, no increase of r.f. grid driving power need be made for a good 'phone.
One other factor in the capability of an r.r.
amplifier to be plate modulated properly is the
necessity for complete neutralization, in the
case of triode amplifiers. An imperfectlyneutralized amplifier is likely to be non-linear.
If the transmitter meets the requirements
given in the three above paragraphs, and if
variations of plate voltage in the amplifier to
be modulated do not affect the frequency of
the d. oscillator, the amplifier is properly
suited for plate modulation. Of course, plate
tank condenser spacing and circuit insulation
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must be adequate for the high peak voltages
applied to the amplifier.
Modulation Limit
With amplifier operating conditions correct
for 'phone, and with the modulator output
matched as closely as possible to the modulating impedance of the r.f. amplifier as described
in Chapter 6, the next step is to determine the
actual percentage of modulation under normal
operating conditions. The amateur regulations
require that the transmitter not be modulated
more than 100%, or in excess of its modulation
capability. The modulation capability depends
upon the linearity of the modulated r.f. amplifier and the amount of audio power available
from the modulator, and will be 100 % for properly designed and adjusted transmitters.
For amplitude-modulated transmitters (considered exclusively in this chapter) the most
satisfactory modulation indicator is a cathoderay oscilloscope. Continuous checking by
means of an oscilloscope is a highly-desirable
way of making certain that modulation
peaks are being kept within the 100% limit.
However, in case an oscilloscope is not available simpler means may be used. For example,
the plate-current meter of a Class-B modulator
can be used as a modulation indicator, once the
average meter reading with 100% voice
modulation has been determined. Making this
measurement usually will require an oscilloscope, which may be borrowed for the purpose
from an amateur or serviceman friend, but the
check need be made only once so long as the
operating conditions (d. amplifier plate voltage and current, modulator plate voltage)
remain unchanged. The speech amplifier gain
should be set to keep the modulator plate
current within the reading so found.

MODULATOR

:fJ
MOD, AMi'! PWR.SUPPLY

Fill. 1601 - A negative.peak modulation.per cent and

overmodulation indicator.

Nei,ative-Peak Overmodulation Indicators
With perfect 100-per cent plate modulation,
the alternating output voltage of the modulator, in series with the d. amplifier plate supply
d.c. output, reduces the d. amplifier plate
voltage to zero on negative peaks and increases
it to twice the amplifier d.c. supply voltage on
positive peaks. If the audio output voltage IS
further increased (causing overmodulation) the
voltage applied to the d. amplifier plate circuit
becomes slightly negative on negative peaks,
and more than twice the d.c. supply voltage on
positive peaks. If a meter or other current
indicating device is placed in series with a
rectifier which allows current to flow through
the indicator only when the voltage applied
to the modulated amplifier plate circuit is
negative with respect to ground, negative
overmodulation peaks will be indicated. Such
a device may be made to indicate peaks at 80 or
90 per cent modulation rather than above 100
per cent, if desired, by making the positive
connection of the negative-peak indicator to a
voltage-divider point a few volts positive with
respect to ground.
A diagram of a negative-peak modulation
per cent or overmodulation indicator combining advantages of simplicity, completeness,
effectiveness, and economy, is given in Fig.
1601. This unit may be set to indicate modulation up to 100 per cent; in other words, to give
a warning signal when a peak of a predetermined amplitude up to 100 per cent is reached
in the modulation.
In Fig. 1601, RI is the bleeder across the
power supply of the modulated amplifier,
while Ri is a potentiometer in parallel with
the portion of RI between ground and the
adjustable tap. R2 serves two purposes
that
of a vernier control on the portion of RI used,
and that of a convenient method of adjusting
from the front of panel the tap from the audio
transformer primary for the proper voltage
above ground on the modulated amplifier plate
supply. Ta is an audio transformer with
primary connected in series with a rectifier
between the modulated amplifier B + connection and the adjustable tap on R2. The
polarity of the rectifier tube connections is
such that the voltage at the B + connection
of the amplifier must be negative with respect
to the voltage of the Ri tap to cause a warning
flash of the modulation indicator. This indicator, a simple neon bulb with resistor
removed from the base, is shown connected
across the secondary of the audio transformer.
If the tap on RI is set at a point one-fourth
the distance from the ground end, the control
R: ma.y be used to lid the modulation percentage for indications at any value between
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75 and 100 per cent. However, on many 'phone
transmitters, the plate voltage used for the
modulated amplifier limits this range, since the
voltage across R z, if the tap on Rl is set at
one-fourth"the voltage in a transmitter with
2000-volt supply, may be as high as 500 volts.
Unless a well-insulated potentiometer with
front-panel knob (or a slider-type resistor
mounted on the back of the control panel) is
used, care must be taken to limit the voltage
across R2 to a value safe for the operator.
A suitable rectifier for use in this indicator
is an '81 tube, with filament supplied by a 7.5volt transformer having insulation to stand
more than double the plate supply voltage.
Although the inverse peak voltage on the
rectifier tube will be higher than rated value,
the current through the tube is so limited as
to prevent rectifier overload trouble. An
excellent 2.5-volt rectifier which may alternatively be used is the 2 X 2/879.
Modulated Amplifier Plate Current
If the transmitter is operating properly with

sine-wave modulation up to 100 per cent, the
d.c. plate current of the modulated amplifier
should remain absolutely constant. The antenna ammeter should show increases up to
5 per cent with 100-per cent speech modulation, or increases up to 20 per cent with
continuous sinusoidal input.
Movement of the r.f. amplifier plate current
meter needle downward with plate modulation
may indicate one or more of the following:
1. Insufficient excitation to the modulated
r.f. amplifier - this is probably the most
common cause of "downward modulation."
2. Insufficient grid bias on the modulated
stage.
3. Wrong load resistance for Class-C r.f.
amplifier.
4. Insufficient output capacity in filter of
modulated amplifier plate supply (at
least a 2-microfarad condenser should be
used at this point).
5. Heavy overloading of Class-C r.f. amplifier tube or tubes (or insufficient filament
voltage).
Movement of the modulated amplifier plate
current needle upward may indicate one or
more of the following:
1. Overmodulation (excessive audio power,
audio gain too great).
2. Incomplete neutralization of the modulated amplifier.
3. Parasitic oscillation in the modulated
amplifier.
When a common plate supply is used for
both Class-B (or Class AB) modulator and
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modulated d. amplifier, the plate current of
the latter may "kick" downward with
modulation even though the operating conditions are correct. This is traceable to comparatively-high power-supply voltage regulation;
the varying additional load of the modulator
stage may cause a drop in amplifier plate
voltage, and similarly in amplifier plate current, of as much as 15 per cent with a power
supply of very poor regulation, while the
voltage and current variation of the modulated amplifier should not exceed 5 per cent if
a high-quality power supply is used (one with
regulation of the order of 10 to 15 per cent,
no-load to full-load). Even more downward
variation of the modulated amplifier usually
accompanies modulation when a Class-B or
Class-AB modulator and the d. buffer stage
are operated from the same power supply.
Downward movement of the modulated
amplifier plate current meter with modulation
may be caused in high-power transmitters by
poor regulation of the a.c. supply mains,
even when a separate power supply unit is used
for the modulator. This cause of plate-current
variation may be detected by a similar kick
of the filament voltmeters or of an a.c. voltmeter connected across the a.c. supply wires.
Use of Cathode-Ray Oscillosoope

The cathode-ray oscilloscope - even a small,
inexpensive one - is invaluable to the 'phone
amateur for determining modulation percentages with speech or constant sine-wave input,
for observing the degree of linearity obtained
with modulation of an r.f. amplifier, and for
finding what audio-power output is available
from a modulator without overdriving to
distortion. A unit offering valuable test means
at low cost is shown in Chapter 17.
While the oscilloscope may, in giving a single
pattern, tell numerous facts about the operation of a transmitter, and point (for the experienced operator) directly to any source of
trouble, the instrument may, unless applied to
the transmitter with certain precautions carefully taken, give a pattern of grotesque propor~
tions for which the transmitter is really not to
be blamed. It sometimes happens that quite
unusual patterns appear on the screen, and
therefore the amateur must learn not only to
analyze the modulation characteristics represented by correctly obtained patterns, but also
to recognize the clues which show whether the
cause of an unusual figure lies within the transmitter itself, or whether it is the result of
improper application or adjustment of the
oscilloscope.
Trapezoid VB. Wave Envelope

In general, patterns of two types -waveenvelope and trapezoidal - are used for
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checking the performance of 'phone transmitters. Each of the two patterns tells much
about the characteristics of the modulated
output of the transmitter, and the two together give an even more complete report of
the operation. One large difference in the two
patterns is the fact that the wave envelope
picture is changed by a change of the speech
amplifier input wave, while the trapezoidal

A

•

ZERO SIGNAL

B

CARRIER
UNMODULATED

l
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Fig. 1603 - Wave-envelope (leEt) and trapezoidal

(right) oscillOilcope patterns.

figure remains essentially constant if the modulation percentage is constant. Thus, if an audio..
frequency oscillator with constant sine-wave
output is used to feed a signal into the audio
system of the transmitter, the output pattern,
with proper operation of the transmitter and
best adjustment of the oscilloscope, should
resemble one of the two patterns of Fig.
1603-D. A change in either frequency or waveform of the audio oscillator output makes a
change in the wave-envelope pattern (shown
at left in Fig. l603-D), while the trapezoidal
pattern (at right in Fig. 1603-D) is practically
unaffected by the change. With the modulation
level remaining at 100 per cent, a change in
sine-wave frequency makes no change at all
and a change in wave shape causes only a
slight change within the light area of the triangular figure. Because of this difference in the
two patterns, the wave-envelope figure gives
at once a picture of the over-all performance of
the audio amplifier stages, the modulator, and
the modulated amplifier, since any distortion
contributed by an audio amplifier stage changes
the wave shape of the modulating signal, and
thus of the envelope of the oscilloscope pattern.
If the envelope obtained with a sine-wave input
is not sinusoidal, it may be because of distortion in the audio amplifier or non-linearity of
modulation, or a combination of the two distortions. The trapezoidal figure, on the other
hand, is used to indicate only the modulation
percentage and linearity of the modulated r.f.
amplifier.
Oscilloscope patterns which show the conditions of zero r.f. output, and a carrier with
zero, 50-per cent, 100-per cent, and 125-per
cent modulation, respectively, for each of the
two systems are given in Fig. 1. Before application of the carrier, the oscilloscope connected
for a wave-envelope pattern has horizontal
sweep voltage applied, making a line across the
middle of the tube. When the carrier is on, r.f.
voltage applied to the vertical plates sweeps
the spot up and down the screen as it moves
across, so that !l. rectangular light area is
formed. The height of this light area should be
approximately ~ of the screen diameter.
Now, with a sine-wave input of 1000 cycles and
sweep frequency of 500 cycles, patterns similar
to the sketches at left of Fig. 1603-C and
l603-D should be obtained with 50- and lOOper cent modulation. With a change of the
audio-frequency signal to 2000 cycles, or with a
change of the sweep frequency to 250 cycles,
four narrower cycles should replace the two
broad ones shown in the sketch. For most
critical examination, however, the proportiona
shown here usually prove best.
With the settings mentioned in the above
paragraph - 500-cycle horb.ontal sweep &nd
1000-cycle signal-a.c. hum of 60 cycles will
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!lot be ehow!l !lotice"bly in the oscilloscope

more, Bince the figure retains one general shape,

pattern, and 120-cycle power supply ripple
will hardly be detected. Thus, a wave-form
closely approaching that at the left in Fig.
1603-D may be obtained from a carrier having
quite noticeable 60-cycle modulation in addition to the higher-frequency audio signal
modulation. If the operator whistles before
the microphone to provide a brief and fairly
sinusoidal input signal, and sets the horizontal sweep frequency to make only two or
three cycles in the pattern, he may be overlooking low-frequency hum modulation. Thus,
to make a more complete test of the transmitter performance, he should set the horizontal sweep oscillator of the 'scope to give it
a sweep frequency of 20 or 30 cycles and observe the pattern resulting with the gain control at normal setting and no signal applied to
the input of the speech amplifier. If the oscilloscope pattern is then that of the sketch at left
in Fig. 1603-B, the hum level of the transmitted
signal is likely to be satisfactorily low. If the
number of cycles (the number of full humps
at the top of the pattern) is three, for 20-cycle
sweep, or two for 30-cycle sweep, the hum
present is 60-cycle hum and may be found to
result from an ungrounded chassis, a poorly
located tap on filament resistor, a bad tube, or
induction from power lines. If the number of
cycles is six for 20-cycle or four for 30-cycle
sweep, the hum is probablY the result of
insufficient power-supply filter in one of the
plate or grid power supplies for a.f. or r.f.
stages.
Since the trapezoidal pattern depends on
audio voltage output of the modulator stage
for horizontal sweep, as well as on r.f. output
voltage for vertical deflection, the beam of the
cathode-ray tube is stationary when the
transmitter plate switches are open, and an
intense spot on the center of the screen results.
The sketch at the right of Fig. 1603-A represents this condition. When the r.f. portion of
the transmitter is running, un mOdulated, the
vertical line of Fig. 1603-B (right) is formed.
As in the case of the wave-envelope pattern,
the height of the un modulated figure should be
approximately ~ the screen diameter. With
100-per cent modulation the width of the
pattern should become roughly % screen
diameter, and the shape should become a true
triangle, as sketched in Fig. 1603-D. With
50-per cent modulation, the width should be
half of the 100-per cent modulation width, and
the shape should be the trapezoid of Fig.
1603-C.
In contrast to the wave-envelope pattern,
the trapezoidal figure shows immediately
whether there is appreciable hum or noise
modulation of the carrier before a signal is
applied to the speech amplifier input. Further-

speech input to the audio system results in a
clear and meaningful pattern. Herein lies the
most important advantage of the trapezoidal
figure, for it gives a constant and easily interpreted indication of the modulation percentage. As the operator talks, the figure should
expand and contract horizontally, reaching a
point on the highest peaks of modulation. During the greater part of the time with speech, the
wave-envelope pattern is an almost meaningless jumble, with occasional brief moments of
appearance as the form for sine modulation.
Bright, sharp dashes occurring in a horizontal
line across the middle of the screen usually
indicate modulation at or above 100 per cent,
depending on their length. Experience indicates that usually when these bright dashes
become noticeable, the carrier is already
heavily over modulated. Some relief of this
jumbled pattern of the wave-envelope system
on speech may be provided by use of either
very low-frequency sweep (with only a small
portion of the sweep voltage cycle carrying
the spot completely across the screen), or a
strong synchronizing voltage applied to the
oscilloscope to control partially the frequency
of the horizontal sweep oscillator. Nevertheless, purely from the standpoint of a convenient constant speech indicator, the trapezoidal
figure is much to be preferred to the waveenvelope pattern.
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Methods of Connection

The oscilloscope connections for the waveenvelope are usually simpler than those for the
trapezoidal figure, if the oscilloscope is already
provided with a sweep oscillator or an a.c.
transformer winding and sweep control. The
vertical deflection plates are coupled to the
amplifier tank coil or an antenna coil by means
of a 1-, 2-, or 3-turn pickup coil connected to
the oscilloscope through a twisted-pair line,
and the position of the pickup coil is varied
until the proper height of the vertical deflection is obtained with the transmitter in normal
operating condition, unmodulated. This completes the installation for an oscilloscope provided with 60-cycle transformer horizontal
sweep supply. This connection is independent
of the application of the modulating voltages
it applies for plate, grid, screen, plate-andscreen, or suppressor-modulation of the final
amplifier. If a Class-B linear r.£. amplifier is
used following the modulated stage, provision
for d. pickup from both the modulated stage
output and the output of the final amplifier
should be made - the pattern from the output of the final d. amplifier must be regarded
as the criterion of operation of the transmitter,
since the modulation percentage of this stage
is not necessarily that of the modulated stage.
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If the oscilloscope is provided with a sweep
oscillator and a terminal for synchronizing
voltage, a connection should be made between
the synchronizing terminal and a grid of one
of the first audio power amplifier tubes in the
speech amplifier system. To insure against
upsetting a d.c. circuit, a O.OI-J,lfd. tubular
paper condenser should be connected in series
with this lead. Since both the transmitter and
the oscilloscope should be grounded, the return
path for the synchronizing circuit is automatically completed.
If a trapezoidal pattern is desired rather
than the wave-envelope, the r.f. input must
be connected and adjusted just as outlined in
the above paragraphs. In addition, a voltage
divider must be connected across the voltage
being used to modulate the final amplifierthat is, between ground and the modulation
connection of the r.t. amplifier; and a small
fraction of the modulator audio output voltage
must be obtained from a tap on this divider.
In Fig. 1604-B and 1604-C connections are
given for obtaining trapezoidal patterns from
grid- and plate-modulated r.t amplifiers, respectively. These two circuit diagrams merely

illustrate the connection of the horizontal
sweep voltage divider between the modulated
terminal of the rJ. stage and ground. For
oscilloscopes equipped with internal amplifiers
for the horizontal sweep, it is desirable to get
a voltage divider arranged to supply only
a!Jout 5 audio volts between ground and the
tap, and to feed this low voltage to the input
of the horizontal amplifier. This simply makes
possible use of the gain control on the horizontal deflection amplifier for adjusting the width
of the trapezoidal pattern. If such an amplifier
is not available in the oscilloscope, the voltage
divider should be made conveniently variable
so the pattern width may be made satisfactory.
For grid, suppressor, or screen modulation,
resistor R1 of Fig. 1604-B (the resistor between
the modulated post and the tap for the horizontal sweep voltage) should be a 0.5-megohm,
I-watt carbon resistor. For amplification of the
horizontal sweep voltage, resistor R2 should be
approximately 50,000 ohms for low- and medium-power transmitters, and approximately
10,000 ohms for high-power transmitters.
Not more than two trials should be required to
determine a value of R2 suited for the oscilloscope used. For audio voltage to
FINAL AMPUFIER
apply directly to the horizontal
deflection plates, R2 should be a
potentiometer between R1 and
ground, with the connection
from the oscilloscope through
C1 attached to the moving tap
of R2. For high power transmitters, the resistance of this po~
A
tentiometer should be roughly
0.2 megohm, for medium-power
-c
transmitters it should be 0.5
megohm, and for low-power
HorizonW
c71J1? /ifier
transmitters it should be 0.5
Input
megohm with resistor Rl
termmals
shorted from the circuit (R2
connected between ground and
the modulated terminal), with
the oscilloscope voltage taken
from the tap of the potentiometer, through C 1• The potentiometer referred to above for all
three of the cases may be a
carbon-element volume control
resistor.
HorlZOIJtal
The voltage divider for horitlmplifier
zontal sweep voltage from a
Input
iernnnals
plate-modulated amplifier presents a slightly different problem from those just mentioned,
since the importance of safety
here should be given full regard.
c
To begin with, resistor R4 of
Fig. 1604-C should be a 0.5Fig. 1604 - Oscilloscope connections for wave..enve!ope (A) and megohm, I-watt carbon resistor
Trapezoidal (B and C) modulation patterns.
for low-power transmitters; and
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for medium- and high-power modulated amplifiers, should consist of a group of series-connected 0.5-megohm, I-watt carbon resistors - one
resistor for every 500 volts of the d.c. potential
applied to the modulated amplifier. Thus, an
amplifier operating with 1500-volt d.c. plate
supply would require three series resistors,
each having the specifications given above,
connected in series. In any case, R4 should be
located within the modulator unit, so that the
voltage carried to the oscilloscope will be
isolated from the plate terminal of the modulated amplifier by this high resistance. For
amplified horizontal sweep, the values of Ra,
all applying to I-watt carbon resistors, should
be roughly 25,000 ohms, 10,000 ohms, and
3000 ohms for low-, medium-, and high-power
modulated amplifiers, respectively. For directly supplying the deflection voltage to the
horizontal plates, resistor Rs should be a
carbon-element volume control potentiometer
having a 0.5-megohm, 0.1-megohm, or 50,000ohm resistance value, for low-, medium-, or
high-power transmitters, respectively. The
connection of 02 should be removed from the
junction of Rs and R4 when R3 is a variable
resistor, and then should be replaced on the
variable tap of Ra.
Troubles in Obtaining Patterns
Although many common faults in oscilloscope use are avoided by careful attention to
the proper connections for use in obtaining a
desired type of pattern, the figure appearing
on the screen of the cathode-ray tube may
be confusing to the operator because of its
unusual shape.
When the wave-envelope pattern is used,
compression of each cycle into too narrow proportions (with four or six audio cycles visible
on the screen when the height of the unmodulated rJ. signal is ~ screen diameter as recommended above) causes the outlines of the
pattern to become noticeably non-sinusoidal
though the modulation of the r.f. carrier is in
reality perfectly sinusoidal. In order to understand this fact, it must be remembered that
the· apparent diameter of the spot on the
screen is appreciable compared to the length
of a cycle horizontally across the screen. This
meaning is better explained by the sketch of
Fig. 1605. One audio modulating cycle is
shown in this sketch, and the envelope is
first drawn as it would be if the spot on the
screen were only a fine point of light. Then,
allowance for a noticeable 8pot diameter is made
for the positions at which the spot travel stops
and reverses, and the outline of these spots
is drawn on the figure, increasing the area of
the modulation pattern, and more important,
making the crests of the wave broader and the
troughs narrower. It will be seen from the
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above that the cycles of the wave envelope
should be spread out so that if the height of
the modulated pattern nearly fills the screen,
not more than two or three audio cycles occupy
the length of the screen area.
A point given much emphasis in most references on oscilloscope modulation checkingand justifiably so - is the importance of obtaining sweep voltage for a trapezoidal pattern

Fig. 1605 Ef.
feet of spot area on
outline of waveenvelope pattern.

from the output of the modulator rather than
from a preceding stage of the audio system.
Fig. 1606 is a photograph of the pattern which
resulted when the sweep voltage for a trapezoidal pattern was obtained from the output of
the audio driver stage instead of the output of
the modulator.
Figs. 1607 and 1608 are photographs of a
wave-envelope pattern and corresponding
trapezoidal pattern which might bring to the

Fig. 1606 - Pattern showing effeet of phase shift
which results when sweep voltage for trapezoid ;. ob.
tained from intermediate speech amplifier.

operator's mind doubts about the operation of
the audio system and the modulated amplifier.
Actually, though, the leaning of these patterns
is produced by coupling between the horizontal
sweep circuit and vertical deflection circuit of
the oscilloscope. An d. voltage thus results
across the horizontal plates, and this voltage
acts to carry the spot a short distance across
the screen at. the same time that the higher r.f.
voltage moves it vertically. The result is a
diagonal travel of the spot with the r.f. signal,
rather than vertical travel. This trouble is
most common with carrier frequencies of the
14-, 28- and 56-Me. bands. Experiment with
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tion, the patterns of Figs. 1611 and 1612 are
obtained. While these pictures do not show
ideal patterns, they do give a picture of the
actual transmitter operation. From pictures
such as these, an intelligent start may be made
toward obtaining the best possible performance
of the equipment at hand .

Fig. 1607 and Fig. 1608 - Wave-envelope and trape.
zoidal pattcrns which lcan beeause of ~.f. eoupling between vertical and horizontal deflection cireuits.

some of the more popular factory-built 'scopes
indicates that a satisfactory cure for this
trouble results from insertion of an r.r. choke
(one of the popular pigtail connection piewound receiving chokes rated at 2.5-mh. inductance, 125 rna.) in series with the ungrounded horizontal deflection plate at the
base of the cathode-ray tube. Some manufactured models have external deflection plate
terminals located near the socket for the
cathode-ray tube; apparently these work satisfactorily when provided with an r.f. choke external of the 'scope case, mounted by the pigtail connections to the terminals.
Another source of confusing patterns is r.f.
vertical deflection shown on the screen of the
tube whcn the plate voltage is removed from
the final r.f. amplifier. This may result from
lack of neutralization of the final d. amplifier; in this respect, the oscilloscope may be
used as a convenient and fairly sensitive
neutralization indicator. If the final amplifier is
properly neutralized, the vertical deflection
may indicate r.f. pickup by the line connecting
the pickup coil to the vertical plates of the
oscilloscope. To minimize this undesired pickup,
some type of compact twisted-pair or parallelpair line should be used for bringing the rJ.
signal voltage to the 'scope. A third cause of
the zero-plate-voltage r.f. signal on the oscilloscope is often troublesome on the 10- and 5meter bands, where it is difficult to use the
oscilloscope at an operating position removed
from the transmitter and keep the ground
circuits of the two at the same potential. This
difficulty simply requires experimentation to
remove the r.f. signal from the 'scope when
the plate voltage is off the final amplifier. Figs.
1609 and 1610 show the wave-envelope and
trapezoidal pattern of an unneutralized modulated d. amplifier - very similar results are
obtained when d. voltage is found across the
vertical plates of the oscilloscope for reasons
other than improper neutralization adjustment.
With the above difficulties removed from the
oscilloscope picture of the transmitter modula-

• GRID-MODULATED TRANSMITTERS
For best results with grid-bias modulation,
a few simple requirements must be observed.
Grid bias should be obtained only from B
batteries, or a bias supply equipped with a
low-resistance bleeder and provided with 8.
high-capacity (4- to 8-pfd.) condenser across
the portion of the bleeder included in the grid
circuit of the amplifier.
Some means of conveniently varying the bias
voltage, continuously or in steps, should preferably be provided. It is desirable that the
plate voltage be the maximum rated voltage
for the tube. The r.f. driving power which
gives best operation with grid modulation at
the maximum rated plate voltage of the tube
is usually one-fourth to one-half that required
for normal telegraphy (Class C, un modulated)
operation. The d. grid circuit of the
modulated amplifier should be loaded with a
dissipative load, for which purpose either a
non-inductive resistor may be connected
across the grid tank circuit of the modulated
amplifier (across the plate tank circuit of the
preceding stage if capacity coupling is used), or
a lamp bulb may be connected to a one- to
three-turn loop and coupled to the grid coil of
the amplifier (to driver plate coil with capacity
coupling). Some means should be provided
for conveniently varying the amount of r.f.
excitation given to the grid of the modulated
amplifier, for this is an important step in the
process of adjustment of the system for proper
modulation.
The first move in the tuning-up process is
application of the maximum plate supply voltage available (within the rating of the tube for
Class C telegraph operation), and loading and
exciting the amplifier to the maximum obtainable r.f. output with the grid-bias voltage set
for cutoff value at the plate voltage used.

Fig. 1609 an.d 1610 - Wave·envelope and trapezoidal
patterns obtained from modulated r.f. amplifier whicb
was not properly neutralized.
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Fig. 1611 and 1612 Patterns ohtained from modulated r.f. amplifier with properly coupled oscilloscopethese patterns actually show the nature of the modulated r.f. output of the transmitter.

If this process is to be applied to a pair of
809 tubes in a push-pull or parallel r.f. amplifier, for instance, the full Class-C telegraph
plate-voltage rating, 750 volts, should be
applied to the plates. The grid bias voltage
should be set at or near the value which produces plate-current cutoff at 750 volts plate
supply; this bias value is found by division of
the plate supply voltage by the amplification

factor, 50, of the triode tubes

C~O = 15 volts

grid bias for cutoff). The plate current of the
tubes may be cut off by gradual increase of
bias voltage from a bias power pack until the
plate current falls to zero (with no excitation
applied), or if 45-volt battery units are used
for bias supply, the tap nearest - 15 volts,
22}1, should be used.
With these plate and bias voltage settings,
and with normal d. excitation applied to the
grids, loading of the tubes by means of a dummy
load should be applied and increased in small
steps until further loading results in no further
increase of d. output, and the plate current
of the d. amplifier should be noted at this
point. While making this first adjustment,
care should be used to operate the key only for
short dashes rather than to leave the transmitter running for an appreciable length of
time, since this type of operation would
greatly overload the tube or tubes of the
modulated amplifier.
,Half the total plate dissipation rating of the
tube or tubes used in the r.f. amplifier to be
modulated should then be divided by the
value of plate voltage available when the
power supply is lightly loaded, and the value
obtained should be multiplied by three for
finding the current (in amperes) at which the
stage should operate with grid modulation.
Thus, if the above-mentioned pair of 809 tubes
is used in a grid-modulated r.f. amplifier, and
the full rated voltage of 750 is available from
the plate supply when lightly loaded (with
current drain of 75 to 150 rna.), then the total
dissipation of the tubes, 50 watts (25 watts
rated dissipation per tube), divided by 750
(plate voltage) yields approximately 0.067
ampere, or 67 mil.. Three-halves this value is
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0.100 ampere, approx., or 100 rna. This is
the proper operating current tor a pair of 809
tubes grid-modulated at 750 volts.
='-! ow, if the plate curren t which accompanied
greatest obtainable output is greater than
double the above figure
that is, greater than
200 rna. for a pair of 809 tubes
the excitation to the modulated d. amplifier should be
reduced, and the process of finding the d.c.
plate current at greatest obtainable output
should be repeated. In this way, the excitation
is adjusted to give maximum output of the
transmitter at double the operating plate
current (with cut-off bias still applied to the
r.f. amplifier). It is highly desirable that the
tuned grid circuit of the r.f. amplifier, or the
tuned plate circuit of a preceding capacitycoupled stage, be heavily loaded by a simple
dissipative load. The most convenient way of
meeting this requirement is to provide a 110volt lamp bulb connected to one or more
turns of wire, coupled to the above-mentioned
tuned circuit. This method may also provide
excitation control of the modulated amplifier,
since this excitation may readily be decreased
by increase of the lamploading, and the stability of the r.!. excitation is simultaneously
increased.
The final adjustment for modulation is increase of the grid bias voltage on the r.f.
amplifier, from the cutoff bias value at which
adjustments are made, to the bias voltage at
which plate current (with transmitter running)
is reduced to the operating value as obtained
above. For the pair of 809 tubes used as an
example, this final adjustment would be increase of the bias voltage from approximately
15 volts (or 22}1 if 45-volt batteries are used
for bias) to some voltage at which the plate
current is reduced from 200 rna. to 100 rna.,
the operating current for the stage. This
proper operating bias value for grid-modulated
809's usually is in the range between 65 and
135 volts (all bias voltages mentioned in this
paragraph are values of negative grid bias).
High-Power Grid-Modulated 'Phone

The adjustment procedure outlined above,
and applied for illustration to a low-power
transmitter with two type 809 tubes in the r.f.
output stage, applies quite as well to highpower grid-modulated transmitters.
For example the plate voltage for 250TH
tubes need not exceed 2000 volts d.c. for
plate-modulated 'phone operation up to 1 kw.
input, or 2000 to 2500 volts for efficient c.w.
telegraph operation, but the plate supply voltage for grid modulation should be near the maximum rated plate voltage for the tubes used
in the case of 250TH's, 2500 to 3000 volts for obtaining greatest grid-modulated output.
The lower value, 2500 volts, frequently used
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with this type of high-power tube, is therefore
quite satisfactory for high-power grid-modulation of the 250TH's.
First step in adjustment, using 250TH tubes
as an example is provision of cutoff grid bias
voltage. The plate voltage, 2500, divided by
the amplification factor, 32, sets the needed
bias voltage at approximately 78 volts (any

OPERATING

(A)

~~%~~~:~~
MODULATION

AMPLIFIER

(8)

~'~~~~~~~g~D
INCORRECT

OVERMODULAnON

(C)

~~~,~~~;,~
GRID VOLTAGE

Fig. 1613 - Oscilloscope patterns representing proper
and improper grid-bias or suppressor-grid modulation.
Tbe pattern obtained witb a correctly adjusted gridbias modulated amplifier is sbown at A. Tbe otber
two drawings indicate non ..linear modulation, accom ..
panied by distortion and a broad signal.

value between 67 and 90 should therefore be
satisfactory).
With the tubes biased to no-excitation platecurrent cutoff, light excitation is applied and
the amplifier stage is more and more heavily
loaded until increase of loading fails to result in
increased output. Loading of the amplifier
during these adjustments should be by means
of a dummy load rather than an antenna. The
output of the transmitter into the dummy load
may reach or slightly exceed one kilowatt of
r.f. power, and accordingly the load linked to
the r.r. amplifier may be composed of two
parallel- or series-connected 500-watt lamps.
Again it must be warned that the tubes will be
overheated by this type of operation if prolonged. The operator is therefore compelled to
use caution in finding the plate current at
which maximum output is reached, not to operate the transmitter longer than brief dashes just long enough to make meter readings.
The rated plate dissipation of a 250TH tube
is 250 watts - of a pair, 500. Division of the
total dissipation of the two tubes by the operating plate voltage, 2500, gives 0.2 ampere.
Three-halves this value, 0.3 ampere or 300 ma.,

is therefore the proper operating current for
the grid-modulated pair of 250TH's with 2500
volts plate supply.
If the output of the transmitter in the above
adjustment process reached a maximum value
at 600 mao (double the proper operating current), the excitation applied is approximately
correct for grid modulation of the amplifier.
This should be the stabilized value of the grid
excitation - in other words, a lamp-and-Ioop
or other stabilizing dissipative load should be
coupled to the grid tank circuit of the final r.r.
amplifier during the test to determine the correct amount of r.r. excitation. If the maximum
output is reached at a loading accompanied by
much greater plate current than 600 ma., the
excitation to the d. amplifier should be reduced, either by increase of the power dissipated in the excitation-stabilizing lamp or by
decrease of the buffer loading.
With correct excitation applied to the final
r.r. amplifier, the grid bias is then increased
until the plate current reaches the operating
value, 300 mao Since the operating bias of the
r.r. amplifier may be as high as 400 volts,
rectifier-filter power supply should be used
rather than battery bias.
Oscilloscope patterns representing different
conditions in the grid-modulated amplifier are
shown in Fig. 1613. The cathode-ray oscilloscope, a very useful instrument for use with a
plate-modulated transmitter, is an even more
useful and desirable instrument for adjustment
and operation of a grid-modulated 'phone.
Correct Grid Modulation
With no audio signal applied, the efficiency
of the grid-modulated amplifier, properly
adjusted, is approximately 30 per cent. On
positive modulation peaks, the efficiency becomes approximately 60 per cent and the instantaneous value of peak plate supply current
is approximately double the no-signal value.
Hence, with the plate supply voltage remaining constant through an audio cycle, the peak
power output of the modulated amplifier is
approximately four times the normal carrier,
as required for proper modulation. On the
opposite (negative) peak of the audio cycle,
the instantaneous value of plate current becomes zero (provided proper adjustment with
stable excitation is used) and the output falls to
zero. The average efficiency of the grid-modulated amplifier is lowest with no modulation,
and rises noticeably with 100-per cent modulation. The limit of the power input to 3/2
times the total plate dissipation of the stage is
based on the no-modulation efficiency.
When tone modulation is applied, it should
be possible to cause the antenna current to
increase and the plate current to rise simultaneously. This is not the operating condi-
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tion for speech modulation, however. With
speech modulation the antenna current should
show rise of not more than 5 per cent on peaks,
while the plate current of the amplifier should
do no more than flicker, Inability to obtain antenna current rise with test modulation shows
that the positive peaks are being flattened off
as shown in 1613-B. This figure shows oscillograph patterns for both audio-frequency a,c,
sweep (left) and synchronized linear sweep
(right). If the antenna current cannot be made
to rise, either there is insufficient audio modulation available, or the modulation characteristic is flattening equally on positive and negative peaks, as shown in Fig, 1613-C. The latter
should be corrected by adjustment of coupling
to the antenna and variation of the r.r. excitation. The amplifier should not be adjusted for
maximum carrier efficiency. In fact, for proper
modulation the antenna loading will be somewhat greater than is ordinarily the case, the
efficiency being necessarily reduced to obtain
linear modulation.
The plate current should be practically
steady at a fixed value either with or without
modulation, although a slight upward kick
(not more than 5 per cent) is permissible on
modulation peaks. If there is a downward kick
in plate current or a pronounced upward kick,
one or more of the following may be the cause,
in addition to improper neutralization and the
possibility of parasitic oscillations:
Downward kick: Too much d. excitation;
insufficient operating bias; distortion in modulator or speech amplifier; too-high resistance in
bias supply; insufficient output capacity in
plate-supply filter to modulated amplifier; amplifier plate circuit not loaded heavily enough;
plate-circuit efficiency too high under carrier
conditions.
Upward kick: Overmodulation (excessive
audio voltage); distortion in audio system; regeneration because of incomplete neutralization; operating grid bias too high.
A downward kick in plate current will accompany an oscilloscope pattern like that of
Fig. 1613-B; the pattern with an upward kick
will look like Fig, 1613-A with the shaded
portion extending farther to the right and
above the carrier, for the "wedge" pattern.
The source of grid bias should have low
internal resistance so that when the grid current varies with modulation there will not be
an appreciable shift in the operating grid bias.
A regulated bias supply of the type shown
in Chapter 11 is recommended for gridmodulated amplifiers.
• ADJUSTMENT OF SUPPRESSOR-MODULATED AMPLIFIERS
The operating principles in suppressor-modulation of a pentode r.f. amplifier are identical
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with those described for grid-bias modulation.
Adjustments are somewhat simpler, however,
because the bias on the suppressor grid can be
adjusted independently of bias and excitation
to the control grid. Except for suppressor bias,
the tube should be operated under the same
conditions as for c.w. telegraph service, although it is sometimes beneficial to supply
somewhat more excitation when suppressor
modulation is to be applied.
To set the operating conditions, adjust the
amplifier for maximum output at rated maximum input, using the maximum positive
recommended suppressor bias. Then apply
negative bias to the suppressor, adjusting its
value until the antenna current drops to hal!
the figure obtained under maximum conditions. Simultaneously, the plate current also
should drop to half its maximum value. The
amplifier is then ready for modulation. Should
the plate current not follow the antenna current in the same proportion when the suppressor bias is made negative, the loading and excitation should be readjusted to make them
coincide.
The oscilloscope patterns of Fig. 1613 are
typical of suppressor modulation.
• ADJUSTMENT OF CATHODE-MODULATED AMPLIFIERS
As explained in Chapter 6, cathode modulation is a combination of grid-bias and plate
modulation. In most respects the adjustment
procedure is similar to that for grid-bias
modulation; that is, the critical adjustments
are those of antenna loading, grid bias, and
excitation. The proportion of grid-bias to plate
modulation will determine the operating conditions; obviously no completely definite procedure can be given when these quantities are
variable,
The operating conditions are best set with
the aid of an oscilloscope. With proper antenna
loading and excitation, the normal wedgeshaped pattern will be obtained at 100% modulation. As in the case of grid-bias modulation
too-light antenna loading will cause flattening
of the up-peaks of modulation (downward modulation), as will also too-high excitation. The
antenna loading should be adjusted to the
point where a further increase in loading causes
a decrease in antenna current. The cathode
current will be practically constant under
100% modulation when the proper operating
conditions are reached.
The cathode circuit of the modulated stage
must be independent of other stages in the
transmitter; that is, when filament-type tubes
are modulated they must be supplied from a
separate filament transformer_ The filament
by-pass condensers should not be larger than
about O,OO2I'fd., to avoid by-passing the audio.
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Adjustment of 'Phone Transmitters
• 'PHONE BROADCAST INTERFERENCE

Ordinarily, broadcast interference by a
'phone station may be attributed to one or
more of five causes, as listed below:
1. Overmodulation, or lack of neutralization
of modulated amplifier. Such operation is
illegal to begin with, even in absence of reported b.c. interference. It is readily detected
by monitoring the transmissions, and by
effects on the instruments in the station.
2. Direct image interference. This type of
interference, nearly always accompanying
medium- or high-power 160-meter 'phone operation, and capable of long distance reception,
is one of the most common types. Small 4-, 5-,
and 6-tube superheterodynes - particularly
those without tuned d. amplifier preceding
are nearly always susceptible
first detector
to this type of interference, and some of the
larger sets are similarly troubled because of
inadequate shielding.
3. Reception by superheterodyne receivers
because of mixing of signal input with second,
third, and higher harmonics as well as the
fundamental output of the receiver highfrequency oscillator. Like the trouble mentioned in the paragraph above, this type of
interference lies within the function of the
broadcast receiver, and correction properly
should be made there. This type of interference
occurs with 160- and 80-meter operation, and
sometimes even with 20-meter signals.
4. Whereas the second and third listed types
of interference often accompany operation in
the two low-frequency amateur bands, a
fourth interference cause - direct rectification
of the transmitted signal in the receiver second
detector (or the detector of a t.r.r. set)most frequently results from 10- and 5-meter
'phone operation, with occasional cases of 20-,
80-, and 160-meter interference in addition.
Broadcast receiver tuning usually has little
effect on reception of the amateur station in
this manner. Cure of this interference is almost entirely limited to additional shielding of
exposed grid-caps, grid wires, coils, chassis
bottoms, or other exposed points in the
receiver.
5. A cause of broadcast interference which
becomes less common as receiver design technique advances is known as "cross modulation." This interference results when the operating point of the input tube of a receiver is
varied with the modulation of the strong r.f.
field produced at the receiver by the amateur
'phone transmitter. This cause of interference
is recognized at once when modulation of the
amateur station appears each time a broadcast
station is tuned in (there is usually no inter-

ference of thi5 type between stations). For
removal of this trouble from broadcast re-

ceivers, some type of filter - a wave-trap if the
amateur transmitter interferes when operated
on one frequency only; a small r.f. choke in
series with the b.c. receiving antenna lead-in,
if the latter does not result in too much decrease of b.c. reception; or a low-pass filter
(as described in Chapter 15) in series with
the antenna
is almost always the best cure.
Since interference of the types listed second
and third above are quite common, largely due
to the present predominance of very low quality, cheap, small broadcast receivers, a table
showing the broadcast frequencies to which
such a set with standard 455-kc. intermediate
frequency may be tuned when interference of
these types occurs is given below. If attempts
to remove such interference by shielding the
receivers affected are unsuccessful, it is sometimes helpful to choose a nearby frequency
which does not produce interference of these
types at frequencies of the vicinity's more
popular broadcast stations.
In all cases of broadcast interference, it is
the duty of the radio amateur to be as helpful
as possible to the broadcast listener in atReception
Superhet ...- Be Recei..,. Image Freq. Fret,lUt1lCl/
0
...
HaNTWnic
dyne
O.cillator
'l_~,ce))t_io;
_Ie Freq. of Be Re.ulting in
Dusto Be
• (if 1IIithin
""'uk Be
Ree"""
Reception of
amateur
Recei....
0 ...
ReM.... I.
band)
(455.kc. I.F.) Amatl!UT •phone
Harmonia
Tuned
Broadtml
Band FT<-

890 100.

1090

1800 ke.
2000

1345 kc.
IM5

612.5
712.5

1127.5
1227.5

1267.5
1317.5

1722.5
1772.5

693
727

1148
1182

997
1030

1452
1485

1257
1269

1724

1371
1383

1826
1838

1712

2nd =ni<
22255
2455
2nd Harmonic
3445
3M.
3rd Harmonic
3444
3546
3rd Harmonic
4356
4455
8th Hannonic
13600
13792
8th Harmonic

1800 100.
2000
3000
4000
3000
4000
3000
4000
14150
14250
14150
14250

14608

14704

tempting to eliminate or reduce the interference, even though the b.c. receiver be at fault,
Some explanation of the cause of trouble, together with helpful suggestions and willingness
to cooperate, often go far in maintaining peaceful relations with neighbors.
• MODULATION TROUBLES

Most of the common troubles in obtaining
proper modulation have already been described. There are also a few which are not
directly tied up with adjustment of the r .f.
amplifier and modulator, but have to do with
equipment operation. A common one ~ prob-

CHAPTER SIXTEEN

243

The Radio Amateur's Handbook
ably beoauBe plate modulation, uBually by

ga.in Bpeech amplifier ~nd modulator BYBtemll
means of a Class-B modulator and often by
are coupled to medium- and high-power transa Class-AB modulator, is used by many more
mitters, feedback, and an audio "whistle"
amateurs than are other forms of modulation result when the gain control is advanced. This
is an entirely unnecessary but nevertheless
is usually due to detection by the first speech
disastrous occurrence in high-power modula- amplifier tube of d. voltage at the grid of this
tors. This trouble - destruction of a modulator tube because of the strong transmitter field
output transformer, modulator tube, or wiring
in which the speech amplifier is operated.
Of several steps which may be taken to avoid
of the modulator output circuit - is the result
of applying speech input to the modulator system or minimize this rectified d. feedback, a few
with no load on the modulator.
of great importance are listed below:
Four precautions against this trouble make
1. Preferably, the input stage may be
it a totally unwarranted loss of ofte'lltimes
balanced (push-pull), as the two grids are
expensive amateur transmitting gear. The
about equally exposed to the rJ. field, and the
first of these, obviously, is the exercise of cau- detected r.f. signals from the two cancel.
tion to note that the modulated amplifier is
2. Whether the input stage is single-tube or
working properly at normal d.c. plate current push-pull, the grid circuit should be thoroughly
before the modulator is operated. The second shielded. A box which completely encloses
is provision, in elaborate and expensive trans- microphone jack, grid circuit resistors and
mitters, of an underload relay whose contacts, condensers, and input tube is advantageous;
in series with the primary circuit of the though separate shields for mike jack, resistors
modulator plate supply, are held closed during and condensers, and tube or tubes may be
'phone operation by adequate operating cur- used. The latter may consist simply of the
rent of the modulated amplifier, and thus, a grounded metal shell of such a tube as a 6J7 or
normal modulator load. Third, a simple and _ 6SJ7. The latter of these types is greatly preinexpensive precaution is provision of a spark ferred for metal chassis construction since the
gap across the secondary output terminals of grid connection may be kept within the shield
the modulation transformer. Such a gap may formed by the chassis.
3. Placement of the speech amplifier - parbe made of two pieces of stiff wire attached
rigidly to the output connections, with ends ticularly of the first two stages - is very
failing to meet by a gap of a small fraction of important. The worst conceivable position for
an inch, dependent on the modulator output this portion of the speech amplifier is in the
voltage. The gap spacing is determined by a immediate vicinity of a final rJ. amplifier plate
trial and error process. If the modulator output tank coil. Also undesirable, especially when
modulates an rJ. amplifier input power of one- a transformer is used for microphone or firsthalf to one kilowatt, a gap of the order of ~ to-second stage coupling, is location of the
inch should be used for the first test. If the speech amplifier too near transmitter power
heaviest modulation ordinarily used fails to supplies. Indeed, it is desirable to have the
break down this gap, it should be shortened small power supply for the speech amplifier
until it just breaks with 100-per cent modula- itself located as far from any microphone or
tion. The spacing of the gap should then be other low-level audio-coupling transformer as
approximately doubled. An eighth-inch or conveniently possible. If very high gain is
smaller gap may be used at the outset of the desired from the audio system, it will be found
spacing test with medium and lower power advantageous to build the speech amplifier
transmitters. Spacing of the gap is of course stages into a metal cabinet and place this unit
at a distance of several feet from the remaining
varied by light bending of the wires forming it.
The fourth precaution is a very practical transmitter units. A 500- or 200-ohm line may
and simple rule to remember: Downward be used with appropriate transformers for
movement of the plate current meter of a Class coupling with this arrangement.
If hum or d.-audio feedback is found diffiB or Class AB modulator with application of
speech usually indicates that the load has been cult to eliminate, points of importance may be
removed from the transformer secondary. Less found by operating the transmitter carrier
often, downward modulation of the modulator first, monitoring it to be certain that the hum
or noise doesn't originate with the rJ. stages
plate current indicates that the modulator d.c.
grid circuit is open or high-resistance. Thus, if and power supplies. When the operator has
application of speech input to a modulation found that the r.f. system itself is well behaved,
he may apply plate voltage to the modulator,
system causes the modulator plate current to
decrease, seek the source of trouble before the audio driver, and to the speech amplifier
stages in turn from the driver to the first
further attempting to modulate.
amplifier. In this way, stages responsible for
R.F. Feedback into Speech Amplifier
undesired noise in the transmitter modulation
In the great majority of cases where high- readily may be found.
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Measurements and Measuring
Equipment
Instruments for Checking Frequency and Modulation
Monitors for Code and' Phone Transmission - Audio
and R.F. Signal Generators - Field-Strength
Meters-D.C., A.C., and R.F. Voltmeters - Oscilloscopes

THE

proper operation of all but the very
simplest of transmitters and receivers calls for
the use of a certain number of instruments of
various types. While the amateur station can
be operated successfully with nothing more
than a means for checking transmitter plate
input and frequency - and for proper modulation, in the case of a 'phone transmitter the progressive amateur is interested in instruments and measurements as an aid to better
performance. The measure of the perfection
of an amateur station, once a satisfactory
transmitter and receiver have been provided,
is the extent and utility of the auxiliary measuring and checking apparatus provided.
• THE AMATEUR'S LABORATORY

The following is a list of instruments which
every amateur might well include in his equipment:
Absorption frequency meter.
Heterodyne frequency meter and signal
generator.
lOO-kc. standard.
Field-strength meter.
'Audio oscillator.
Cathode-ray oscilloscope.
Multi-range voltmeter.
Ohmmeter.
Vacuum-tube voltmeter.
An assortment of milliammeters is desirable,
as are neon bulbs and 1lashlight bulbs with
pick-up coils, for transmitter adjustment.
Ordinary light bulbs of various sizes with attached fieltible leads should be at hand to
make power output comparisons.
Representative instruments from the above
list will be described in this chapter. Some
can profitably be combined into multi-purpose
instruments; the manner and elttent to which
this is done is left to the ingenuity of the individual amateur. It should be realized, however,
that multi-purpose equipment is never as

useful as its equivalent in separate instruments,
and the latter are nearly always to be preferred.

• FREQUENCY MEASUREMENTS

Dependable frequency-measuring gear is desirable in the amateur station for several
closely-related purposes:
To insure that the transmitter is operated in
the desired frequency band;
To set the transmitter to a desired frequency
(if a self-controlled oscillator is used);
To determine the frequency of a received station, or to calibrate a receiver;
To determine the harmonic at which a frequency multiplier stage operates;
To determine whether the harmonic output of
a transmitter is objectionably strong.
Section 12.135 of the F.C.C. Regulations
states: "The licensee of an amateur station
shall provide for measurement of the transmit-

Fig. 1701
Simple absorption frequency meter. A
ooilsocket
a condenser - a dial plate mounted on an
insulating disc which aleo serves as a handle - a flash.
light bulb on a bracket
and a set of coils. Indispenoa.
ble for identifying harmonies.loeating parasitios, cheek.
ing oseillatora.
Coil lonna are out down close to the winding to
facilitate tight coupling when neceasary.
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ter frequency and establish procedure for
checking it regularly. The measurement of the
transmitter frequency shall be made by means
independent of the frequency control of the
transmitter and shall be of sufficient accuracy
to assure operation within the frequency band
used."
In the absence of more elaborate frequencymeasuring equipment, the receiver (with antenna disconnected) may be used to give at
least some idea of transmitter frequency. To
do this it is necessary to calibrate the receiver
dial settings in terms of frequency if it is not
already so calibrated. Some idea of band limits can be obtained by listening to other amateur stations, noting where amateur activity
stops at each end of the band.
If operation near a band edge is contemplated, however, the above quoted amateur
regulation requires a more precise frequency
checking method. If the receiver is well made
and has good inherent stability, a band-spread
dial calibration may be relied on to within perhaps 0.2 or 0.3 per cent. Some manufactured
models having factory calibration may be
used to even closer limits.
The transmitter frequency can be checked
by listening in the receiver to the oscillator
alone, with r.f. power amplifier turned off, if
the signal is too strong and blocks the receiver.
In one respect the transmitter frequency
check provided by a calibrated receiver is in-

LINE

Fig. 1702 Simple absorption frequency meter circuit at left is used cbiefly in transmitter work. witb link
line to circuit being cbecked.
Circuit at rigbt has bulb indicator loosely conpled to
tuned circuit, giving sharper resonance point for fre.
quency cbecking, ew.
B - 1.4.volt 50·ma. dialligb1.
C -ISO·p;:fd. variable (CardweU MR.150.BS).
L - Coils covering bigb.frequency spectrum with
overlapping ranges, wound on l}'.!.inch dia. forms.
Freq. Range
Wire Size No. 0/ Len"n of Link 1
Turn. Winding
1.1-3.0 Me. No. 28 e.
81~
1%"
17 t.
2.5-6.0 Me. No. 24 1.
37~
1!l1i"
11 t.
4.5-12 Me.
No. 20 t.
I7~
I>'.!"
6 t.
7.5-20 Me.
No. 16 t.
8~
Hi"
" 1.
(The ahove coil. are available in commercial form.
completely wound: Hammarlund SWK-4.)
25-70 Me.
No. 16 t.
2~
1"
2 t.
40-100 Me. No. 16 t.
~
~ t.
1 Closewound. No. 30 d ••• e., J4.ineb from bottom end
of primary winding.
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adequate. Usually, even the oscillator stage of
a multi-stage transmitter will be heard with
the receiver tuned not only to the fundamental
output frequency, but to a harmonic as well.
Often a sensitive superheterodyne receiver
will receive three or four harmonics of a transmitter, all with noticeably high signal strength.
In order to determine which is the fundamental
output frequency of the transmitter, and on
what harmonics the frequency multiplier
stages are operated, an absorption frequency
meter should be used.
• ABSORPTION FREQUENCY METERS
The simplest type of frequency meter consists of a coil and condenser, tunable over the
frequency range desired. A frequency meter of
this type, when tuned to the frequency of the
transmitter and loosely coupled to the tank
coil, will extract a small amount of energy
from the tank. The energy thus extracted can
be used to light a small flashlight lamp. Maximum current will flow in the lamp when the
frequency meter is tuned exactly to the transmitter frequency, hence the brightness of the
lamp indicates resonance. A more accurate
indication' may be obtained by substitution of
a thermo..galvanometer for the lamp. Better
yet, a vacuum-tube voltmeter can be used as
the indicator. Although this type of frequency
meterisnot well adapted to precise measurement
of frequency, it is useful in a variety of ways.
Figs. 1701-02 show a simple absorption frequency meter with a link-coupled flashlight
bulb as resonance indicator. Commercial coils
can be used for the lower frequency ranges,
simplifying construction. Overlapping tuning
ranges cover the entire scale from broadcast
band to ultra-high frequencies.
Figs. 1703-04 show an absorption-type frequency meter equipped with a diode-rectifier
vacuum-tube voltmeter as an indicator. The
sensitivity of the indicator depends on the
range of the meter. Any instrument from
0-200 microamperes up may be used, with 0-1
mao a good range for average amateur work.
Calibration of the absorption frequency
meter calls for a receiver of the regenerative
type to which the coil in the meter can be
coupled. With the detector oscillating weakly,
the frequency meter should be brought near
the detector coil and tuned over its range until
a setting is found which causes the detector to
stop oscillating. The coupling between meter
and receiver should then be loosened until the
stoppage of oscillations occurs at only one spot
on the meter tuning dial. The meter is then
tuned to the frequency at which the receiver is
set. If the receiver is set on several stations of
known frequency, a number of points for a
calibration curve can be obtained for each
frequency-meter coil.
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Fig. 1703 - Absorption frequency meter with vacuum-tuhe voltmeter resonauce iudicator. Plug-in coils cover the
range of approximately 170 kc. to 60
Me. A dial readiug to 1 part in 1000
affords over-all calibration precision of
ahout 0.25 per cent.

The absorption frequency meter is particularly useful for checking the tuning of a transmitter stage (to insure that the stage is not
tuned to a harmonic instead of the desired
frequency, for instance), for determining the
frequency of parasitic oscillations in the transmitter, and for finding the frequency range
covered by various oscillators.
For transmitter checking, a flashlight lamp
or other indicator is not entirely necessary.
since resonance will be indicated by a flicker in
plate current of the stage being checked as the
meter is tuned through resonance.
The absorption frequency meter can also be
used for comparative measurements of transmitter harmonic output under various adjust.ments. The vacuum-tube voltmeter indicator
is especially useful in this connection, since the
meter readings will be approximat&ly proportional to voltage, if distance is held constant.
Heterodyne Frequency Meter

For more accurate measurement of transmitter frequency, a heterodyne frequency

meter should be provided. The heterodyne
frequency meter is a small oscillator, completely
shielded. It 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; that is, the frequency of oscillation at a given dial setting
must be practically the same under any conditions. Plug-in coils or switches are not ordi·
narily used in the frequency meter; instead, a
solidly built and firmly mounted tuned circuit
should be permanently installed, and the oscillator panel and chassis reinforced for rigidity.
The oscillator ordinarily covers one band only,
harmonics being used on the higher frequencies.
The frequency meter must possess a dial
which can be read precisely to a fraction of 1\
division. To obtain accuracy it is necessary to
read the scale to at least one part in 500; ordinary dials such as are used for transmitters and
inexpensive receivers are not capable of such
precision, but laboratory-type dials which
meet this requirement are available. Care
should be taken to select one which has fine
lines for division marks, and which has an indicator very close to the dial scale so that the
readings will not appear different when the
dial is viewed from different angles.
The Electron-Coupled Frequency Meter

Swy

l.sv.T-

1-

FiJI,. 17Q4 - Absorption frequency
:t..
meter circuit.
":"
'='
Cl -500-..,.£d. variahle (National EMC.sOO).
(4, (4 - 50-l'l'fd. midget mica.
HI - 40,OOO-ohm, ~-watt.
HI -lOO·ohm potentiometer (Centralah WW).
L - Plug.in inductances, wound (except LI and La)
on l%;.inch National XH-13 forms. LIon 3·
inch hakelite form. Winding length app. 2%;
inches.

Approx.
Range

No.
Turns

Wire
Size

170-500 kc.
500--1500 kc.
1.5-4.5 Me.
3-9 Me.
8--25 Me.

180
100
33
15
6

No. 28 e.
No. 24 d.c.e.
No. 14 tioned
No. 14 ..
No. 14

20-60 Mc.

~~"

1.5·volt dry cell (Bur,_ 4FA).

c.t.

One of the most stable oscillator circuits,
and therefore most suitable for the frequency
meter, is the electron-coupled circuit. The oscillation frequency is practically independent
of moderate variations in supply voltages, provided the plate and screen voltages applied to
the screen-grid tube used are properly proportioned. Furthermore, because of the nature of
the circuit it is possible to take output from
the plate with but negligible effect on the
frequency of the oscillator. A third feature is
that strong harmonics are generated in the
plate circuit so that the meter is useful over an
extremely wide range of frequencies.
A typical diagram for a simple form of
electron-coupled frequency meter is given in
Fig. 1705.

CHAPTER SEVENTEEN

247

The Radio Amateur's Handbook

-6

6.3V.

+8

Fig. 1705 - General utility electron-coupled oscillator circuit. As Heterodyne Frequency Meter (17502050 kc.):
C. -IOO-l'l'fd. variable.
C2 - 200-l'l'fd. zero drift fixed mica.
C. - 100.l'pfd. midget mica.
c.. O.Ol-pfd. 400-volt paper.
Cs - 0.002'l'fd. midget mica.
RI - 50,000.obmB. 31i-watt.
R2 - 75,OOO-obms. 31i-watt.
R. - 20.000-obm potentiometer. (May be replaced by
2.5.mh. r.f. choke.)
L - 33 turns No. 22 on lYli.inch form, winding length
1 Yli inch. Cathode tap 8 turns above ground end.
As 100·kc. Calibrating Oscillator:
CI -100·l'pfd. variable.
C2 O.OOll·pfd. zerO drift fixed mica.
C. - 250'l'pfd. midget mica.
c.. - O.I-l'fd. 200-volt paper.
C1- 0.OO2-l'fd. midget mica.
Rl - 0.25 megohm, Yli.watt.
R2 - O.I-megohm, 31i-watt.
R.
Replace with 2.5-mh. r.f. choke.
L - 2.1 (2.5) mho r.f. choke (cathode tap between 1st
and 2nd pies above ground).
As I. F. Test Signal Source:
Same as frequency meter above. except L:
440-510 kc.: 140 turns No. 30, close-wound on
1 Yli-inch form. Cathode tap 35
turns from ground end.
1400-1650 ke.: 42 turns No. 20 d.s.c., close-wound on
1 Yli-inch form. Cathode tap 10
turns from ground end.

Mechanical considerations are most important in the construction of a frequency meter.
No matter how good the instrument may be
electrically, its accuracy cannot be depended
upon if it is flimsily built. Mount everything
solidly; make connections with stiff wire and
place all leads so they cannot be moved in the
course of ordinary handling.
Inherent frequency stability can be appreciably improved by avoiding the use of phenolic
compounds and plastics (bakelite, polystyrene, etc.) in the oscillator circuit, employing
only high-grade ceramics for insulation. Even
ordinary ceramics can usually be improved in
this respect by impregnating in high-melting
point wax or Victron dope after baking.
It is desirable to design the frequency meter
so that the oscillator operates in the 17152000-kc. band, with a "spread" such that almost the entire dial scale is used to cover the
band. For the higher-frequency bands, harmonics of the oscillator are used.
The signal from the frequency meter can be
fed into the receiver by connecting a wire from
the output post on the meter to the antenna
post on the receiver. If the signal should be too
loud, the wire from the output post can be disconnected from the receiver but left in the vicinity of the receiving lead-in.
When the frequency meter is first turned on
some little time is required for the tube to
reach its final operating temperature; during
this period the frequency of oscillation will
drift slightly. Although the drift will not
amount to more than two or three kilocycles
on the 3500-kc. band and proportionate
amounts on the other bands, it is desirable to
allow the frequency meter to "warm up" for
about a half hour before calibrating, or before
making measurements in which the
utmost accuracy is desired. Better
still, the frequency meter can be left
on permanently. The power consumption is negligible, and the long-time
stability will be vastly improved.
The moreelaboratefrequency meter
shown in Figs. 1706-1708 utilizes a
triode oscillator electron-coupled to
a pentode multiplier. A high order
of frequency stability is attained by
keeping the plate and grid coupling
to the tuned circuit as small as will
permit steady oscillations. Further
improvement is had by operating in
Fig. 1706 - A stable hetarodyne frequency
meter with separate oscillator and harmonic
multiplier. A precision dial, rigid mechanical
construction and weU.oolated tuned circuit
are essentials of the .table heterodyne fre.
quency meter. R.f. output and mixer input
tenllinals. with their re8pective attenuato....
are located on the front panel.
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Fig. 1108 - Underneath the stable
:heterodyne frequency meter. The coil
and main tuning condenser are in a
,separate compartment well removed
from tube heat. Grid and plate con·
nections to tuned circuit are made
·through feed.thrn insulators, elimi.
nating shaky wire leads. Oscillator
tube at rear, followed by multiplier,
mixer and regulator (the latter socket
is suspended on pillars because of
its extra height). All grounds are
made to a single bus, reducing stray
currents tbrough chaw and limiting
radiated output except through panel
terminals. Shiclded battery cable
completes the shielding. Condenser
lead at top left goes to headphone
jack on rear wall of cabinet.

the frequency band 875-1025 kc., giving both
a relatively better tuned circuit and a lower
ratio of tube capacitance change to transconductance. Thus variations in the tube conditions ha.ve negligible effect, and the ultimate

stability is practically that of the tuned circuit
alone.
Temperature effects are minimizf:jd by a
mechanical arrangement isolating the tuned
circuit from tube heat. Humidity effects can be
R. F

MIXER

OUTPUT

I N PUT

Audio

CI20llftPut

RII

r

VR 150-30

~!
b.3v.
Fig. 1107 CI -lOO'l'l'id. double.spaced vari_
able (Hammarlund HFB.
loo·E).
C2 - 2oo-l'l'fd. zero-drift fixed mica
(Centralab 8142).
Ca - O.OOl'l'fd. zero-drift fixed
mica (Sickles Silver.Cap). .
C, - 50'l'l'fd. midget padder (Mil.
len 26050).
Ca - O.OI·~d. 400.volt paper.
C. - O.l'l'fd. 400.volt paper.
C7 - O.OI'l'fd. 4oo-volt paper.
C. - 0.05'l'fd. 4oo.volt paper.
Co - 0.001-l'ld. midget mica.
CIO - O.l°l'fd. 400-1'olt paper.

€l

-250V."

Circuit diagram of the stablc frequency meter.
CII - O.OI·~d. 400'1'olt paper.
RII - 5000 ohms. .l1I-watt.
RFC - 2.5-millihenry r.f. choke.
CII - 25O·I'~d. midget mica.
RI - 50,000 ohm., M-watt (IRC
L - 72 turns No. 22 d.c.e., closeType F).
wound (30 turns per inch)
on 1 U.inch diameter form
Rt -1000 ohms, M-watt.
(National XR.13) and thorRa - 5000 ohms, l,watt.
oughly impregnated.
R, - 10,000 ohms. I-watt.
Rs -10,000 ohms, 10-watt (for
L'
16 turns No. 22 d.c.c. close·
25O-1'olt supply).
wound on Hi-inch diameter. Windin g i. placed inR. - 0.25-megohm, 31l-watt.
R7 -250,OOO-ohm poteutiometer.
side XR-13 form and allowed to spring open, fitting
R8 - 250,ooo-ohm potentiometer.
Re - 500 ohm., M-watt.
tightly in.idc form. It is
RIO - 75,000 ohms. M-watt.
then cemented in place.
Dial- National NPW.o.
RII - 20,000 ohma, %.watt.
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largely eliminated by impregnating the CQil
with high melting point wax 01' (after thorough
baking) by coating the winding with Victron
coil dope.
Ceramic insulation is used throughout the
oscillator circuit, even to the tube bases. The
construction is made extremely rigid mechanically. When the lips on all faces of the subchassis are attached to the walls and bottom of
the 8 X 10 X 7-inch metal cabinet, torsional
twisting is practically eliminated and vibratory
effects are minimized.
Frequency shift through line-voltage changes
is eliminated by the use of a VR-150-30
regulator tube.
The oscillator and multiplier receive a common initial bias through R2. This bias is such as
to approximate cut-off for the 68J7, in which
condition it serves as an effective doubler without introduction of grid current so long as the
d. grid swing is properly limited. There is no
perceptible reaction upon the oscillator from
the multiplier plate circuit.
The output of the multiplier goes first to a
shielded output terminal, to be conducted
through a shielded line to the receiver or monitor input, with an attenuator to regulate output level. It also goes to the grid of a mixer tube
and audio detector which delivers to headphones the audio response resulting from the
heterodyne between the frequency meter oscillator and the signal from the transmitter
being checked. The transmitter signal is
coupled into the mixer through a second
shielded terminal.
No on-off switch is provided, since the preferred practice is to keep the meter running
constantly.
While the dial shown can be read with good

-8

+8

Fig. 1109 - Circuit of the e.c. hand.setting oscillator.
CI. LI - Tank circuits and switch for 100. and lOOO.ke.
operation, with trimmer adjusting screws for
tuning (Browning BL.2FS).
C2 - 100·""fd. fixed mica.
Cs - O.l·,.fd. 200.volt paper.
C. - O.l.,.fd. 200.volt paper.
Co! -IOO'''l'fd. fixed mica.
Rl
50,000 ohms, :Hi-watt.
&! -300 ohms, l.watt.
&! - 75,000 ohms. l.watt.
RFC - 2.5.mh .. l25.ma. r.f. choke.
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Fig. 1110 -1OG-IOOO.ke. e.c. oscillator.

accuracy to about 1 part in 1000, even greater
precision can be had by constructing a vernier
scale the length of nine dial divisions but subdivided into ten parts (as on the National
Type UN" dial, etc.). With such a vernier
readings can be made at 28 Me. to withi~
about
or - 1 kc.

+

lOO-lOOO-Kc. E.C. Frequency Standard

Figs. 1709-10 show a simple and easily·
constructed electron-coupled oscillator which
can. be used as a standard with output on 100
or 1000 kc. A complete grid tank circuit for
100 kc. and another for 1000 kc. are provided
in a shielded commercial unit, with switch
provision for selecting either output frequency.
With this arrangement, little remains of assembly and wiring of the frequency standard.
Alternatively, an ordinary tuned circuit can be
made up as shown under Fig. 1705. An outline
of adjustment procedure is given below for
convenience:
L Tune in WWV (see page 262) on a receiver
operating on 5 Me.
2. With the oscillator operating, rotate the
tuning control until an audible note is heard
in the receiver; adjust carefully for zero
beat.
3. To determine whether the harmonic beating
with WWV may be some other than the
desired harmonic, tune in a station operating on an even multiple of 100 or 1000 kc.
(700 kc., 800 kc., 900 kc., etc.). If the broadcast station gives a very low-pitched beat
note, the beat of the 100-kc. oscillator's
50th harmonic with WWV is assured. If a
high-pitched note is heard, on the other
hand, the oscillator should be readjusted
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and the process of WWV zero beat and b.c.
check should be repeated.
A crystal-controlled version of the 100-1000
kc. oscillator can be built according to Figs.
1711-13. A special X-cut crystal is used which
will oscillate at either of two frequencies, one
determined by its thickness (1000 kc.) and the
other by its length along the mechanical axis
(100 kc.), depending on the frequency to which
the plate circuit is tuned.
In the unit pictured, a d.p.d.t. toggle switch
selects the frequency desired. In the 100 kc.
position this switch also connects a small
trimmer condenser in parallel with the crystal.

OUTPUT

11

t!

!!
6.3 v

Fig. 1712 -

Crystal calibrator circuit diagram.
Cl - 35'l'l'fd. midget variahle (HammarIund HF·35).
C2
loo'l'pfd. mica trimmer (Hammarlund CTS.85).
Ca, <A. Q; - O.l'l'fd. 400·volt paper.
Ca - O.OOl.pfd. midget mica.
HI - 5 megohms, Y2.watt.
H2 - 500 ohms, Y2.watt.
He 25,000 ohms, l.watt.
H. - 0.25 megohm, Y2.watt.
LI - 8.mh. r.f. choke (Meissner 19-2078).
L2 - 2.5·mh. r.f. choke (all hut one pie removed).
SWI - D.p.d.t. toggle switch.
SW2 - S.p.s.t. toggle switch.
Crystal- Bliley SMC.IOO.

amateur work is !l. precision crystal-controlled
secondary standard, provided with a multivibrator for frequency division. Such a standard can be constructed at reasonable cost, and
will mark 10-kc. intervals throughout the
communications spectrum with a degree of ac·
curacy more than sufficient for all amateur
purposes.
Fig. 1711 -lOO-lOOO·kc. crystal calibrator. Output
ill taken through the insulated terminal bushing at left
rear.

By adjustment of this condenser the frequency
of the crystal can be varied in a positive direction, and set to precisely 100 kc. (In purchasing
the crystal specify that any error be on the
high-frequency side of 100 kc.) An accuracy of
but a few parts in a million can thus be
attained.
The 1000-kc. frequency has an accuracy of
0.05 per cent. However, since it is used only to
indicate approximate 1000 kc. points, its absolute frequency is not important.
The oscillator output is taken through an insulated bushing, from which a connecting lead
can be run to the receiver input. SW2 opens the
plate supply lead when no signal is wanted; the
heater is ordinarily left on continuously to keep
the tube at operating temperature.
100-Kc. Secondary Frequency Standard

For highest accuracy in frequency checking
and calibration, the most suitable device for

Fig.l713 - Interior oflOO-lOOO.kc. crystal calibrator.
The crystal ill mounted at top center, ahove the socket.
Trimmer for lOOO.kc. plate circuit at lower right, 6 mho
choke for loo.kc. at lower left.
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FiS. 1714 - Secondary frequency
standard, incorporating a lOO.ke. lowdrift crystal, 10.ke. multivibrator, and
harmonic amplifier-modulator. The vcr.
nier dial i. used for precise t!etting of the
crystal frequency. Coutrols along the
bottom are, from left to right: output
tuning, C14; 00-06 switch, S1I "B"
switch, S2; multivibrator twitch, &. and
multivibrator control, Rs. Power trane.
former, rectifier and regulator tubes are
along the rear edge of the 7-by-12.inch
chassis. The crystal oscillator is at the
right, multivibrator tube in the center,
and output circuit at the left.

A standard of this type is illustrated in Figs.
1714 and 1716. The circuit diagram is given in
Fig. 1715. The frequency control is a Bliley
80C-loo unit, consisting of a low-drift lOO-kc.
bar with an oscillator coil in the same mount-

~it~

ing. The oscillator tube is a 68J7, used in the
circuit recommended for this crystal unit by
the manufacturer. The output of the oscillator
is coupled to a 6K8 harmonic amplifier through
Cs, and also to the 68C7 multivibrator (a

L,

E:::63V All 1ft,.".

Fig. 1715 - Circnit diagram of the frequency standard.
Cl - Dual 365-p,.!d. variable, comCu, CIG - 8-,.!d. 450-volt electroRll - 800 ohms. l1-watt.
pact broadcast type (Meiss.
lytic.
RI2 - 25,000 ohms, I.watt.
ner 21-5214).
Cl1- 30'I',.!d. trimmer (National
RIB - 50,000 ohms, I-watt.
C2, Cs - O.OI-,.!d. ~.volt p'!per.
M-30).
R14 -1500 ohms, 10-watt.
C4. C~ - O.OOI-,.!d. ~d dget ~ca.
RI - I megohm, l1-watt.
RFC _ 2.5 mho r.f. choke.
Ce, C7 -IO-I',.!d. ml get mIca.
Ra Ra - 0 5 megohm I.watt
Cs - 50.p,.!d. midget mica.
R ' fu _ 50 000 h ' I '
SI, B2. Sa - S.p.u. toggle.
CQ CIO Cll Cl,-O.I-,.!d.400-volt
R4'R
20'OOOohms'l:watt.
T,-Power transformer, 250 v.
•paier.
e, 7 ,oms. 7!-watt.
d.c. at 40 mao (Thordarson
,
C18 - 0.002-,.!d. midget mica.
Rs -I5,ooO-ohm potentiometer.
TI3Rll).
CI4 -I40-I',.!d. variable (Hammar.
Ru - 0.3 megohm, J4.watt.
L, -7-henry, 40.ma. filter eboke
RIO - 0.1 megohm, l1-watt.
(Thordarson T13C26).
lund HF -140).
L, - 556-1200 kc. -130 turns No. 30 enameled.
32-13.5 Me. - 5 turns No. 22 enameled, length 1 inch.
1206-3300 kc. - 70 turns No. 22 enameled.
56 Me. - 2 or 3 spaced turn~ on I-inch form, or air
wound. Adjust for optimum output.
7506-33~ kc. -22 turns No. 22 enameled, length 1
All except 56-Me. coil wound on IJ4.inch forms.
meb.
Output links may be adjusted to give desired signal
15-6.8 Me. -11 turns No. 22 enameled, length 1 inch.
strength in receiver.
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resistance-capacity oscillator of the "relaxation" type) through C6• The multivibrator is
an unstable oscillator which possesses the
property of being readily "locked" in frequency by r.f. energy from a stable source; this
locking will occur even when the controlling
frequency is a fairly high-order harmonic of the
fundamental multivibrator oscillation. In the
present case, the multivibrator fundamental is
10 kc. and it is locked by the 100-kc. output of
the crystal oscillator. In Fig. 1715, the output
of the multi vibrator, which consists of 10 kc.
plus a series of harmonics, is used to modulate
the 6K8 output by coupling to the injection
grid, thus giving a series of lO-kc. signals between each pair of 100-kc. harmonics. The oscillator plate in the 6K8 is not used.
The output circuit of the 6K8 is tuned to the
particular frequency on which checking is to be
done in order to increase the harmonic output
at that frequency. Plug-in coils are provided to
cover the complete spectrum. The output may
be taken either through the small condenser,
C17, or a suitable link winding on the coil.
A power supply is incorporated in the unit,
with its output voltage regulated by means of
the VR-150-30 and VR-105-30 tubes. Voltage
regulation prevents changes in oscillator frequency with varying line voltage.
The crystal frequency can be adjusted to
precisely 100 kc. by means of C1• This adjustment should be made by beating the output on
5000 kc. against the continuous transmissions
on this frequency from WWV. After a warm-up
period of 15 minutes or so, the frequency should
stay within a few cycles of WWV over considerable periods of time. The multivibrator can
be cut out of the circuit by means of 8a when

II~~~-------=~~~~
S/ldl"9 Jumper

t

CovJ*t:l to osclWa.f.or
Fig. 1717 -

Lecher wire system.

only 100-kc. points are wanted. Switching the
multivibrator on or off will cause a frequency
change of less than one part in a million.
A "B" switch, 82. is provided so that the
unit may be made inoperative without cutting
off the heater voltage.
For checking 1000-kc. points, a coil of
about 150 micro henrys (a 17:i-inch winding of
No. 30 d.c.c. on a 17:i-inch form) may be substituted for the crystal unit, connected between points X-X in the diagram. With C1 near
maximum capacity, the circuit will tune to
1000 kc. The exact frequency may be set by
adjusting so that the 5th harmonic coincides
with WWV, or so that the fundamental is at
zero-beat with a broadcast station on 1000 kc.

• U. H. F. FREQUENCY CHECKING BY
LECHER WIRES
The methods described for checking transmitter frequency on the lower frequency bands
are often unsuited for use on the ultra-high
frequencies. The methods that are simplest
and most satisfactory in this region are based
on direct measurement of the physical characteristics of resonant linear circuits.
The simplest method is to cut the antenna
wire to 95 per cent of the actual
wavelength desired, then tuning
the transmitter until the antenna is
operating most effectively. This is,
of course, extremely approximate
and would serve only as a preliminary measure.
The next simplest scheme is to
compare the frequency of one's own
transmitter by listening to it on the
receiver and comparing the setting
with other stations of known wavelength. This is readily possible in
districts where plenty of signals are
available for the purpose. The
problem is readily solved if a linear type oscillator is used. With this
type of oscillator (described in
Chapter 29) the wavelength can
be measured approximately from
the rods which constitute the tunFig. 1716 - Bottom view of the frequency standard. Reasonable ing circuit.
care should be used to keep the circuits separated and lead. short, but
For the very short waves, probthere are no critical wiring points. The filter choke is mounted on the
rear ed ge of the chassis.
ably the most practical method in-
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volves the use of two parallel wires - known
Lecher wires - on which standing waves
may be measured directly. Such a Lecher system may be set up readily. It forms a valuable
addition to the ultra-high frequency worker's
equipment.
A typical Lecher system (Fig. 1717) consists of two No. 18 bare copper wires spaced
about three inches and mounted on stand-off
insulators on a length of board. The wires
should be several wavelengths long. The wires
are left free at one end while at the other they
are connected to a one- or two-turn coupling
coil of about the diameter of the tank coil of
the transmitter. This coupling coil is placed
near the transmitter coil. In operation, a sliding bridge - consisting of a piece of stiff bare
wire on the end of a two-foot wooden dowel
is run slowly down the length of the wires until
a point is reached where the oscillator plate
current makes a sudden fluctuation. The point
is marked. The bridge is then moved farther
down the wires until a second node is located.
This also is marked. The same procedure is
then followed to locate a third node. At this
stage, the distance between each pair of marks
is measured. If the Lecher system is operating
correctly and if it is mounted well clear of surrounding objects, the distances will all be the
same and will represent quite accurately one
half of the wavelength being measured. An
alternative sliding bridge - useful when the
oscillator has plenty of output - is a flashlamp bulb with wires soldered to its contacts.
These wires are hooked over the wires of the
Lecher system and the lamp moved along until the various points are located at which the

as
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Fig. 1718 - Simple monitor.
CI - 50·l'l'fd. midget variable condenser.
W .002'l'fd. midget mica condenser.
Sw - Single·pole toggle switch.
LI, L2 - Wound on 1 M·inch 4o.pin forms with No. 30
d.s.c. wire. The numher of turns is given in
this table:
Band
L2
70
20
1750 kc.
10
35
3500 kc.
15
6
7000 kc.
5
4
14,000 kc.
The monitor can be built in any metal container
large enough to hold it, a small·size 22M·volt "B"
battery, and a flashlight cell.
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Fig. 1719 - Simple 'phone monitor.
CI - 250·l'l'fd. mica.
HI -.5 megohm M·watt.
C2 - O.OI'l'fd. 2oo·volt.
H2 - 2.megohm M·watt.
Ca - O.l.~d. 2oo·volt.
Ha - 35oo-ohm ~.watt.
C4 0.002-l'fd.400.volt. Ho .1-megohm M·watt.
Cs -1'l'fd. 4OO.volt.

lamp lights brightest. The points will be extremely critical.
The same general procedure may be used to
calibrate a receiver - the indication in this
case being obtained by the receiver going out
of oscillation as the bridge passes over the various nodes.
Once the approximate calibration has been
obtained in this way. it oan be ohecked by
comparing harmonics produced by oscillators
on harmonically-related lower frequenoy bands.
• MONITORS FOR C.W.
Aside from current-indicating instruments,
one of the most useful instruments the station
can have is a monitor, used for ohecking the
quality of the emitted signal.
A monitor is a miniature receiver, usually
having only a single tube, enclosed with its
batteries in some sort of metal box which acts
as a shield. It need not be a costly or elaborate
affair. The circuit shown in Fig. 1718 illustrates the simplicity of a typical monitor.
The requirements for a satisfactory monitor
for ohecking c.w. signals are not difficult to
satisfy. It should oscillate steadily over the
bands on which the station is to be active; the
tuning should not be excessively critical, al·
though the degree of band-spreading ordinarily
considered desirable for receivers is not essential; the shielding should be complete enough
to permit the monitor to be set near the transmitter and still give a good beat note when
tuned to the fundamental frequency of the
transmitter (this is often impossible with the
receiver because the pick-up is 80 great); and
it should be constructed solidly enough so that
it can be moved around the station without
necessity for retuning when listening to a
signal.
Monitors for 'Phone

Any type of simple detector circuit with 8
means for picking up a small amount of d.
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from the transmitter can be used as a 'phone
monitor. The pickup coil need not even be
tuned, although the monitor will be considerably more sensitive when tuned.
A satisfactory type of 'phone monitor, using
a duo-diode-triode tube as a diode detector
and audio amplifier, is shown in Fig. 1719.
The circuit LC is tuned to the transmitter
frequency; any constants which satisfy this
requirement can be used.
Because of the tuned pickup and audio
amplification, a monitor of this type will be
quite sensitive. Besides its primary use for
audio quality checks, it can be used for checking hum and other carrier noises.
The 'phone monitor usually must be used
with a headset, since a loud-speaker will cause
audio feed-back through the microphone.
• D.C. INSTRUMENTS
Throughout this Handbook reference has

been made to the use of direct-current instruments for measurement of current and voltage. Voltmeters and ammeters are basically

resistance of the meter; this information can
be obtained from the maker. 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:

R=R", (n-I)
where R is the multiplier resistance, Rm the
resistance of the voltmeter, and n the scale
multiplication factor. For example, if the range
of a Il)..volt meter is to be extended to 1000
volts, 11, 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, or
1000 E

R=---::-

Where E is the desired full-scale voltage and I
the full-scale current reading of the instrument
in milliamperes.
To increase the current range of a milliammeter, the resistance of the shunt, Fig. 1721)..B,
can be found from the formula:

R= R ...

n-l

~

.... B

Ibun/ )

How voltmeter multipliers (A) and
milliammeter shnnts (B) are connected.
Fig. 1720 -

identical instruments, the difference being in
the method of connection. A voltmeter is an
ammeter which measures the current through
a high resistance connected across the source to
be measured; its calibration is in terms of voltage drop in the resistance, or muUiplier. An
ammeter is connected in series with the circuit
and measures the current flow. The ranges of
both voltmeters and ammeters can be extended
by the use of external resistors, connected in
series with the instrument in the case of a voltmeter or in shunt in the case of an ammeter.
Most ammeters used in radio work measure in
thousandths of amperes, and are called milliammeters.
Shunt and series multipliers for meters are
usually highly accurate precision resistors, so
that they will not contribute error to the meter
reading. Ordinary carbon resistors, selected
for accuracy, can also be used when economy
is a consideration.
The ways in which multipliers and shunts are
connected to voltmeters and milliammeters are

shown in Fig. 1720. To calculate the value of
multiplier or shunt it is necessary to know the

where the letters have the same significance
as before.
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. Reference to the Copper Wire Table
in Chapter 20 will give the resistance per 1000

Fif!,. 1721 - The inexpensive multi.range volt-ohm·
milliammeter i. housed in a standard 3 x 4 x 5 metal
cabineL Ranges are marked with number dies, the im.
pressions heing lillea with white ink. High-voltage teat
lead. are available for use on the 5000-volt range.
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feet of variou5 &7ieLl of wire. After determining
the resistance required by the formula above,
measure off enough wire (pulled tight but not
stretched) to provide the required resistance.
Accuracy can be checked by causing a current
flow through the meter that makes it read fullscale without the shunt; connecting the shunt
should then give the correct reading based on
the new full-scale range.
Multi-Ranli,e Voltmeters and Ohmmeters

A combination voltmeter-milliammeter having various ranges is extremely useful for experimental purposes and for trouble-shooting
in receivers and transmitters. As a voltmeter
such an instrument should have high resistance
Fig. 1722 -

cuit. For such purposes It

lOOo..Ohms-per-voll;
instrument is customarily used; a 0-1 milliammeter or 0-500 microammeter (0-0.5 ma.)
is the basis of most multi-range meters of this
type. Microammeters having a range of 0-50
}la., giving a sensitivity of 20,000 ohms pervolt, are also used.
The various current ranges on a multirange instrument can be obtained by using a
number of shunts individually switched in
parallel with the meter. Great care should be
taken to minimil;;e contact resistance.
It is often necessary to check the value of a
resistor or to fiJ:)d the value of an unknown
resistance, particularly in receiver servicing.
For this purpose an "ohmmeter" is used. An

Circuit of the low-cost

V.O.M.
Rl - 2000-ohm wire·wound variable reo

r-------------T---~~------------------_oE~~~:J
Rs

8i8tor~

~-----o+ sooov.
3000 ohms, 71·watt.
Ra -lOO.ma. shunt. 0.33 ohms (see text).
r-----------+----------o+ V-O-M
R. 10·ma. shunt. 3.6 ohms (see text).
Ra - 40,000 ohme, 71·watt.
Re - 4 megohms," watts (four l.megohm
I.watt reaistol'll in series).
R7 - 0.75 megohm, l.watt (two 71·watt
resietol'll in series, 0.5 megohm and
0.25 megohm).
-=. B
Rs - 0.2 megohm, 71·watt.
+
RQ - 40,000 ohms, 71·watt.
R3
R,o
10,000 ohme, ~.watt.
SW - 9.point 2.poie- switch (Mallory· Rl
R2
Yaxley 8109).
~..J,/\'\Mi"""'-'-----L_.!-__
J
B - 4.5 volts (Burgess 5860).
MA - Triplett 0-1 ma., type 221.

Rz

.-

:t__

so that very little current will be drawn in
making voltage measurements. A voltmeter
taking considerable current will give inaccurate readings when connected across a highresistance source, as is often the case in checking voltages at various parts of a receiver cir-

ohmmeter is simply a low-current d.c. volt
meter provided with a source of voltage (usually dry cells), connected in series with the
unknown resistance. If a full-scale deflection
of the meter is obtained with the connections
to the external resistance shorted, insertion of
the resistance under measurement will cause
the reading to decrease with the amount of
resistance inserted. The scale can therefore be
calibrated in ohms. If a voltmeter not calibrated directly in resistance values is used, the
following formula can be applied:
R

= eR",
E

_ R

'"

where R is the reSIstance under measurement,
E is the voltage read on the meter,
e is the series voltage applied, and
R", is the internal resistance of the meter
(full-scale reading in volts X ohmsper-volt).
Instrument scale for inexpeusiye volt-ohm-milliammeter, to be cut out and pasted over existing scale of
Triplett No. 221 0-1 mao milliammeter or any equivalent 2 -inch meter with 33 ohms internal resistance.
Calibration should be checked with standard of moderate accuracy after assembly, to allow for variations in
individual metel'll, inaccuracies in multipliers. reaistance
of te8t leads, paper shrinkage, etc.
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A number of excellent commercial kits for
the construction of multi-range meters of the
type used la.rgely by service men are on the
market. There are also excellent but not expensive combination meters available designed
particularly for amateur work. A good, versa-
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Fis. 1723 Interior of/ow·cost volt-ohm·
milliammeter. All parts except the internal
ohmmeter battery are mounted on the 4. x 5·
inch bakelite panel. The battery is attached
to the bottom plate. Voltmeter multiplier is
first assembled on insulated tie strip, then
wired into circuit. M.sbaped object in rear
i. 5000·volt multiplier - four I.watt. reo
sistors covered with varnisbed cambric tub.
ing. Milliammeter multipliers can be scen in
fJ:'QDt eenter.

tile instrument of this sort will prove its worth
many times over in the amateur station.
A combination multi-range volt-ohm-milliammeter, reduced to its simplest and least
expensive terms, is shown in Figs. 1721-23.
Using a 0-1 rna. meter, the voltmeter has five
ranges at 1000 ohms per volt: 0-10, 50, 250,
1000 and 5000 volts. In addition to the basic
0-1 rna., current ranges of 0-10 and 100 rna.
are provided. There are two resistance measurement ranges (three with external battery):
a series range of 0-250,000 ohms, and a shunt
range of 0-500 ohms. The high-ohms scale
can be multiplied by 10 if the plus terminal of
a 45-volt battery is connected to the terminal
provided (the unknown resistance being conn.ected between the negative battery terminal
:and ohmmeter ).
For reasons of economy, ordinary carbon resistors are used as voltmeter multipliers. These
·can be obtained with an accuracy of 5 per cent
,or better; many dealers will allow a selection
:from stock if maximum accuracy is desired.
The 5000-volt multiplier is made up of four
l-watt resistors, encased in heavy varnished
cambric tubing to protect against flashovers.
The tubing extends down over the positive
"5M" terminal, which is further insulated by
a liberal wrapping of friction tape.
The lO-ma. and l00-ma. shunts are made by
using ordinary copper magnet wire wound on
short lengths of 74-inch bakelite rod, with pigtail leads.
• VACUUM·TUBE VOLTMETERS

In the measurement of audio-frequency and
radio-frequency voltages, where the use of a
power-consuming measuring device is unsatisfactory because of the small power in the
circuit, the vacuum-tube voltmeter finds wide
application. Most vacuum-tube voltmeters
used by amateurs measure peak voltages. The
voltmeter tube, which may be a triode or

screen-grid type, is biased nearly to plate
current cut-off, a current of a fraction of a
milliampere being taken as a reference, called
the "false zero." When a voltage is applied
between grid and cathode the plate current will
rise; the grid bias voltage is then increased
until the plate current returns to the false zero.
The additional bias voltage required to bring
the plate current back to the reference value
will be equal to the peak value of the signal
being measured. Because the measurements of
the peak voltmeter are substantially independent of wave-form, this type of voltmeter
is useful in audio and radio-frequency measurements since the capacities of vacuum tubes are
determined by the peak voltages and currents
which must be handled. A simple but entirely
practical voltmeter of this type is shown in
Fig. 1724. It is known as the "slide-back"
type. In operation, Rl is turned all the way to
the right, with zero reading on the voltmeter V.
R2 is then adjusted until the desired "false
zero" point is read on the milliammeter N.
The voltage to be measured is then applied,
causing the milliammeter reading to increase.
RI is then adjusted until false zero again is
read on M, whereupon the voltmeter will read
the voltage being measured. If the voltage to
be measured is greater than 9 volts, additional
bias can be placed at the point marked X, the
exact value being read by an auxiliary voltmeter.
Another common form of simple vacuumtube voltmeter is the r.m,s. type, utilizing a
diode rectifier. The indicator portion of the
absorption frequency meter shown in Fig.
1704 is of this type. If Rl is increased to 0.25megohm, any a.c. or r.f. voltage can be read
without appreciable circuit loading or frequency error. The meter can be calibrated
from 6o-cycle a.c. if desired. It should be remembered that the readings are r.m.s., or 0.707
times peak values in the case of a sine wave.
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Fig. 1724 - Simple peak.type slide.back vacuum·
tube voltmeter.
C, - 500.""fd. miea fixed condenser.
C2 - O.OI.,.fd. mica fixed condenser.
HI - 20oo-ohm wire.wound potentiometer.
H2 - 1oo0·ohm wire·wound potentiometer.
SW,,2,3 - Battery on-off switehes; may be ganged.
M - 0-1 milliammeter (any low·range milliammeter
or mieroammeter may be used).
V - 0-10 voltmeter, 1000 ohms per volt.

A diode-rectifier voltmeter of this type is
especially useful as a neutralization indicator,
since it is much more sensitive to r.f. than
neon bulbs, etc.
• FIELD-STRENGTH METERS
A useful item in the equipment of the advanced radio amateur is the field-strength
meter. Its uses are numerous, the more important being the ability it lends correctly to
adjust antenna and transmitter characteristics
under actual radiating conditions. This facility
is of particularly great importance on the ultrahigh frequencies, where an effective fieldstrength meter represents about the only reliable method of adjustment, especially on lowpower equipment or with directive antennas.
The absorption frequency meter with diodevoltmeter indicator shown in Figs. 1703-04
can be used as a field strength meter, if it is
provided with a pick-up antenna. An inexpensive collapsible automotive-type antenna,
working against ground (chassis), can be used.
A few turns of wire wound around the proper
coil for the frequency in use will serve to couple the antenna to the tuned circuit. The microammeter scale will read approximately
linearly with voltage, a characteristic that is
advantageous in making certain types of comparative measurements. Radiated power variations will, of course, be as the square of the
field voltage indication. Readings should
always be made at distances of several wavelengths from the antenna.
A simple field strength meter particularly
suitable for work in the ultra-high frequency
region is shown in Fig. 1725. Essentially,
the meter consists of an acorn triode operated with very low plate voltage and biased
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to cut-off, constituting a linear detector.
When the signal under observation is tuned in,
rectification occurs, and the plate current increment is read on the microammeter. Among
the uses to which this meter can be put are: (1)
Measuring comparative transmitter outputs
under different adjustments. (2) Neutralizing
amplifiers (using only a pick-up coil, without
the antenna). (3) Measuring comparative antenna radiation under different adjustments.
(4) Deriving field-strength patterns of, and
adjusting, u.h.f. beam antennas.
A more sensitive field-strength meter of use
in examining the field-strength patterns of
lower-frequency antenna systems is shown in
Figs. 1726-27. It consists of a diode rectifier
and d.c. amplifier in the same envelope. The
initial plate current reading is in the neighborhood of 1.4 milliamperes; with signal input, the
current dips downward. The scale reading is
linear with signal voltage. With a 1.5-milliampere meter, field strengths of fractional millivolts register on the meter, if a copper-rod
antenna two or three feet long is used.
• INTERMEDIATE FREQUENCY TEST
OSCILLATOR
An oscillator built according to Fig. 1705
can be used to provide a means of obtaining
a strong and steady signal for alignment of the
i.f. amplifier stages of low- and high-frequency
superheterodynes. Without an oscillator, such
alignment becomes a slow and difficult task,

~,~C_'~~r-

9~S5r

_____

__- r__

~
M

- 4.5v.+

Fig. 1725 - Simple field-strength meter.

Cl - 30·",.fd. adjustable mica trimmer condenser.
C, - 35-",.fd. midget air trimmer condenser.
Cl- 250.",.fd. midget mica fixed condenser.
H, -lOoo-ohm midget potentiometer.
L - 50-80 Me.: 7 turns No. 14 tinned wire, Y:j.inch dia.
l·ineh long.
25-40 Me.: 10 turns No. 14 tinned wire, %;-ineb
dia. l.inch long.
12-20 Me.: 20 turns No. 16 enamel wire, close.
wound on %;-ineh diameter bakelite tubing.
6-10 Me.: 37 turns No. 22 enamel wire, el08e·
wound on %:.inch tube.
3-5 Me.: 75 turns No. 30 d.s.e. wire, close-wound
on ;{-inch tube.
1.5-2.5 Me.: 75 turns No. 30 d.s.e. wire. close.
wound on 2·ineh tube.
M - 0-200 microamperes (a higher.range meter, al.
though not a. satisfactory, can be used).
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Fig. 1726
Sensiti~e field.strength meter. This
meter is particularly useful on the lower.frequency ama·
teur bands; it Can be used for both transmitter and an·
tenna adjustment, and in making field-strength patterns.

and is often left at an unfinished and unsatisfactory state.
The test oscillator should be shielded rather
carefully so that direct pickup from the coil is
eliminated. Ordinarily, there is no requirement
for calibration of the oscillator, since most

Fig. 1727 - The two·stale neld-strength meter cir·
cuit diagram.
C, - 50'jLjL.fd. midget ~ariable condenser.
C2 - 250·jLl'id. midget mica fixed condenser.
Ca - 0.OO2'jLfd. midget mica fixed condenser.
Rl -I-megohm :l1J-watt fixed resistor.
L - Wound on 1:l1J·inch coil forms, winding length
1:l1J incbes, diode tap in center of coil:
1.5-3 Mc.: 58 turns No. 28 d.s.c. wire. close·wound.
3-6 Mc.: 29 turns No. 20 enamel wire, close·
wound.
6-12 Me.: 15 turns No. 20 enamel wire, spaced.
11-22 Mc.: 8 turns No. 20 enamel wire. spaced.
20-40 Me.: 4. turns No. 20 enamel wire, spaced.
(Aho~e ranges are approxinIate only.)
M -0-1.5 milliamperes.
The filament battery consists of two flashlight cella
wired in parallel. The plate battery is a small portable
"B" battery, Burge.. type Z30P.
Care ehould be taken to connect the diode plate on
the negative filament leg, otherwise an initial billll will
be placed on the rectiner and it will not fullction
properly.

superheterodynes are equipped with a crystal
filter, so that the crystal of the receiver will
determine the frequency at which the oscillator
will be operated.
Essentially, this i.f. test oscillator consists of
a simple e.c.o. unit with two plug-in coils and a
high-C padded tuning circuit. Only relatively
narrow ranges are provided by the tuning condenser used, since the intermediate frequencies
of communication receivers are fairly uniformly fixed in the neighborhoods of 460 kc.
and 1600 kc.
If a modulated signal is desired from the
oscillator, the positive plate supply connection
may be made to the power supply at the output of the rectifier rather than at the usual
filter output terminal.
For alignment of the r.f. and oscillator circuits, the same oscillator can be made to serve,
with plug-in coils covering the various amateur
bands. Alternatively, harmonics from the
frequency meter can be used; an isolating amplifier and attenuator in the frequency meter
are desirable for this application.
• AUJ?IO TEST OSCILLATOR
For most adjustments on 'phone transmitters it is desirable to have some form of constant-voltage, adjustable-frequency sine-wave
source of a.f. voltage.
A simple and inexpensive device fulfilling
these requirements is shown in Figs. 1728 and
1729. A dual triode is used as a simple sinewave audio oscillator of the capacity-feedback
type. Six frequencies are provided - roughly
100,400, 1000, 3000, 5000 and 10,000 cycles with standard capacities and inductances. An
output control varies the level from zero to the
maximum (depending on loading and plate
voltage) of several volts .
• CATHODE·RAY OSCILLOSCOPES
Perhaps the most useful of all measuring and
testing devices is the cathode-ray oscilloscope.

Fig. 1728 - Twin.triode audio oscillator for adjUJIt.
ing 'phonc transmitters and audio systems. Construction is simplified by attachins all condensers and resiston to tie strips and wiring between tenninallugs.
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Although relatively expensive, its applications
are 80 numerous that it can be used to replace a
number of other less satisfactory types of
measuring equipment. It is particularly suited
to r.f. and a.f. voltage measurements because it
does not consume power from the source being
measured.
The circuit diagram of a simple cathode-ray
oscilloscope is given in Fig. 1731. In building
such a unit one precaution, in particular, must
be observed: the tube must be placed so that
the alternating magnetic field from the transformer has no effect on the electron beam. Fig.
1732 shows the placement of the power transformer and cathode-ray tube used in this
'scope to prevent electro-magnetic coupling
between transformer and electron beam of
tube. The transformer is directly behind the
base of the c.-r. tube with axis of transformer
winding and axis of tube common.
Fig. 1731- Circuit of the simple 2-inch
08cill08oope_
C
2'l'fd., 900.volt working electrolytic
(Cornell.DubHer ]R-544 with sections
series-connected) •
R, -IOO,OOO-ohm potentiometer (Ccntralab
Midget).
R2 - 50,OOO.ohm, I·watt carbon.
Ra - 200,OOO-ohm, 2.watt carbon.
R. - IOO,OOO-ohm, potentiometer with switch
(Centralab Midget)_
RFC - 2.5-mh., 125·ma. r .f. choke, optional
(for correcting leaning patterns due to
r.f. coupling).
SW, - S.p.d.t. toggle switch, 250.volt, l·amp.
rating.
SW2
Potentiometer switch (s.p.s.t.) on R ••
T
Receiver.type power transformer delivering 325-(}-325 v.a.c. at 40 ma., 5 volts
at 3 amp., 6.3 volts at 2 amp. (Thor.
darson T·13Rll).

+ 2S0V.-

D.3\1.

Fig. 1729 - Audio signal generator circuit diagram.
C" C2, C., C~ - O.I'l'fd. 400-volt tubular paper.
Ca IO'l'fd. 25.volt tubular electrolytic.
C. - O.Ol-l'fd. 4OO-volt tubular paper.
C7 - 0.002'l'fd. midget mica.
C. - 0.OOO5'l'fd. midget mica.
RI, R2 - 50,OOO-ohm, MI-watt.
Ra - O_3-megohm, MI·watt.
R. -IOOO-ohm, 72·watt.
Ra - 50,OOO.ohm potentiometer.
LI-7.henry iron-core reactor (Thordarson T.13C26).
r.. -125.mb. iron-core r.f. choke.
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Fig. 1730 - Oscilloscope using 902 2-inch tube,
housed in a 5 x 10 x 3-inch chassis with bottom plate.

110 v, A.C

No intensity control prOVISIon is made in
this oscilloscope - it is operated at maximum
at all times. Accordingly, it is quite important
that some provision be included for switching
off the electron beam, reducing the spot intensity, or swinging the beam to one side of the
scope with d.c. bias during periods of no transmission, when the pattern would be confined to
a thin, bright line or a small spot of high intensity. This must be done to prevent "burning" the screen of the c.-r. tube.
If trouble is experienced in getting a pattern
from a high-power transmitter because of
d. voltage on the 1l0-volt supply line, two
blocking condensers, 0.01- to O.l-microfarad,
may be connected in series across the primary
of the power transformer in the 'scope with
their common tap grounded to the metal case.
The cabinet is in reality a 3- by 5- by lO-inch
crackle-finished steel chassis with bottom cover
all turned up on one edge for greater
plate
compactness and improved appearance. The
shielding provided by this box is highly desirable for prevention of stray-field int6rference
in the patterns obtained.
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r.iilri~
,dV,

450 v.

63"

b.3V

6.3v.

..

4OO-E>OOY.

Fig. 1733 - Complete circuit diagram of sweep-circuit oscilloscope.
CI C. Cs
C4
C5
CG
C7 C.
Cg ClO -

O.I-/lfd. 600-volt paper.
0.25-/lfd. 6oo-volt paper.
8-/lfd. 500-volt electrolytie.
O.OOOI'/lfd. 400·volt paper.
O.OOI·~d. 4oo·volt paper.
0.005-~d. 400.volt paper.
0.02S-/lfd. 400-volt paper.
O.OI·/lfd. 400-volt paper.
S'/lfd. 2S-volt (electrolytic).
16·/lfd. (8-3 parallcl) SOO-volt
electrolytic.
RI - 300,000 ohms, ~-watt.
R. - 2S,Ooo ohms, I·watt.

Ra - 50,000 ohm., I-watt.
R4 - 75,000 ohms. I-watt.
R5. R6 - 30.000 ohms, I.watt.
R7, R. -l.meg. potentiometer.
Ro, RIo
5.meg. ~-watt.
Ru -1000 ohms, I-watt.
RI2 - 300,000 ohm.. I-watt.
Ria - 40,000 ohms. I.watt.
RI4 - 50,Ooo-ohm wire-wound rheo.
stat.
RIG -6000 ohm., 2.watt.
RIG
1500 ohms, I·watt.
RI7
50,OOO-ohm rheostat.

In this oscilloscope the horizontal sweep
voltage can be obtained either from an audiofrequency source (such as the modulator stage
of a transmitter) or from the 60-cycle line. Using an a.r. horizontal sweep, the pattern appearing on the screen will be in the form of a
trapezoid or triangle (depending on the percentage of modulation) when cheeking transmitter performance. Practical application of
this method is outlined in Chapter 16.
Although for many amateur applications the
use of a sweep circuit having a linear time base

Ria
500,OOO-ohm potentiometer.
Rig. R20 - 5-megohm potentiometer.
R21 - 100,000 ohm"" I-watt.
R22 -150,000 ohms, I·watt.
R:18 - 5oo,ooo-ohm potentiometer.
R24 - 1000 ohm.. ~.watt.
SI. So, Sa - S.p .•. t. toggle.
~, S6, S8
S.p.d.t. toggle.
S6 - 6-eontact selector switelt.
S7 - Snap switch mounted on RIS.
LI. 12 - 25-mh. choke.
La - 30.henry 15 mao choke.
PI, P8, Fa - Jeweled pilot lamps.

is not essential, for actual studies of wave form
the linear time axis is necessary. The sweep circuit proper usually employs a. grid-controlled
gaseous discharge tube, the 884 (especially
designed for this purpose), operating as a
relaxation oscillator. In operation, the sweep
circuit is connected to the horizontal-deflection
plates of the existing oscilloscope. The voltage'
under observation is connected to the vertica.ldeflection plates, and the resulting picture
is an accurate representation of the wave shape
of the voltage being examined.

Fig. 1732
Side view oftbe 2-inch
'scope with cover removed. In this
view can be seell tbe mounting of the
cathode-ray tube, and rectifier for
easy connection to tbe flexible leads
of tbe power transformer. Two small
feed-through insulators serve liB
terminals for external horizontal- and
vertica] ..sweep connection. while a

machine serew tbrough the rear of tbe
chassis serves as the common ground
terminal. Note the location of the
power transformer not only outside
the steel shield chassis but also di.

rectly behind the C.-f. tube, with the
axis of tbe transformer winding along
the axis line of the tube.
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WWV SCHEDULES

5000 kc.: Continuously, with 440-cycle
tone modulation, except during special
broadcast periods noted below.
SPECIAL BROADCASTS
5000 kc.: Tuesday, Wednesday and Friday, 10:00 A.M. to 11:30 A.M., E.S.T.
10,000 kc.: Tuesday, Wednesday and
Friday, Noon to 1:30 P.M., E.S.T.
20,000 kc.: Tuesday, Wednesday and
Friday, 2:00 to 3:30 P.M., E.S.T.
The Tuesday and Friday special
broadcasts are unmodulated c.w. except
for I-second standard-time intervals
consisting of short pulses with 1000cycle modulation. On Wednesday special broadcasts the carrier is modulated
with 1000-cycle tone.
Accuracy of all frequencies, including
audio modulating frequencies, is better
than 1 part in 5,000,000.

External amplifiers, usually of the resistance-coupled type to provide high gain with
wide frequency range and low distortion, are
useful in most applications. Cathode-ray
tubes, with sensitivity of perhaps 100 volts
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per inch, are not suitable fur u~e with jllJtentials of less than several volts.
An example of a linear sweep circuit applied
to a 2-inch cathode-ray tube is shown in }'ig.
1733. The circuit elements in the center of the
diagram comprise the sweep circuit. The 884generates the saw-tooth sweep voltages, while
the 6J7 acts as a current-limiting pentode to
ensure linearity. A resistance synchronization
control (R1S) is used.
High-gain vertical and horizontal amplifiers
using 6J7'8 are provided, with inductance compensation in the plate circuits to extend the
frequency range. Alternatively, inputs can be
applied directly to the deflection plates to
a void any amplifier distortion if desired. In that
case R I9 and R20 serve as input level controls.
The remaining controls are: intensity control, R2; focussing control, Rs; horizontal and
vertical spot positioning controls, It7 and Rs;
sweep amplitude control, R14; sweep frequency
vernier, R17i amplifier input level controls,
R23. Numerous switches control all circuits
independently.
Constructional precautions include the
placement of parts so the 902 is not affected by
transformer fields. Amplifier input and output
leads should be direct and placed well clear of
other components to avoid frequency distortion and unwanted pick-up.
Properly built and used, a versatile oscilloscope such as this makes an instrument capable of handling many measurement and testing problems.
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Emergency, Portable and Rural Applications - Power and
Supply Systems - Transmitting and Receiving Apparatus
EMERGENCY self-powered equipment is no
longer a nice toy to play with when regular
amateur activities pall; it has become the
moral obligation of every amateur to be prepared in case of any communications emergency. Large-scale disasters during the past
few years have demonstrated the tremendous
value of amateur emergency stations in relaying relief messages when all other communication channels are closed. Aside from the all-important emergency phase, the use of portable
equipment has lately been extended through
organized activity in the annual" Field Days,"
and the problem of providing equipment suitable for use in rural districts, where commercial power is not available, has always been
with us. Recent developments have furnished
approaches to the solutions of some of the
problems, and it is the purpose of this chapter
to analyze and summarize the general considerations involved in the self-powered field, and
to offer certain suggestions.
The most vital need for self-powered equipment occurs in connection with emergency activity, and the basic design of all such equipment should be predicated on emergency use.
Every amateur, no matter where he maybe
located, can reasonably expect that sometime
he may be called upon to perform emergency
communications duty, and it is his responsibility to the public welfare, to himself, and to
amateur radio as a whole to see that he is in
some measure prepared.
It is not to be expected that every amateur
will prepare himself for an emergency by having available a complete and separate selfpowered station, although a large number of
individuals and club groups do so. There is,
however, no reason why every amateur cannot
prepare his station for an emergency by having
an emergency power supply ready and a quick
means for utilizing all or part of his regular station equipment as an emergency-powered station. The emergency power supply can be anything from a small vibrator supply and/or batteries to a large gasoline-driven generator. It is
the purpose of this chapter to present data on
available types of self-powered supplies and to
show how regular station equipment can be
prepared for emergency applications.
If it is considered desirable to build separate
portable/emergency equipment, the sIllall re-

ceivers and transmitters described in Chapters
Eight and Ten are recommended.
Choice of Power Supply
There is a comparatively wide variety of
self-generating power sources from which to
choose. An analysis of the numerous available
types should disclose which is the most suitable
in the light of specific requirements, based on
the criteria of utility, efficiency, performance
and cost.
Dry batterie8: Dry-cell batteries are the
standard primary electrical energy source.
They are ideal for receiver and low~power
transmitter supplies because they provide
steady, pure direct current with almost zero
regulation. 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 for periods of a
year or more. This makes them uneconomical
if not used more or less continuously.
Table 1 shows the life to be expected from
representative types of batteries under various
current drains, based on intermittent service
simulating typical operation. Continuous service life will be somewhat greater at very low
current drains and from one-half to two-thirds
the intermittent life at the higher current values.
The life figures given in the table are based
on an end-point of 34 volts. This is considered
to be the normal limit in average equipment.
With suitable design of the apparatus to enable
it to operate satisfactorily on about half voltage, the end-point can be extended to 24 volts,
adding approximately 50% to the life of the
battery in average use.
The secret of long battery life at normal current drains lies in intermittent operation. The
duration of "on" periods should be reduced to
a minimum. The more frequent the rests given
a dry-cell battery, the longer it will last. As an
example, one standard type will last 50 %
longer if it is operated for intervals of one minute with five minutes' rest in 24-hour intermittent operation than if it is operated continuously
for four hours per day, although the actual
wattage consumption in the 24':llOur period is
the same.
Storage baUeries: The most universally acceptable self-contained power source is the
storage battery. It has high initial capacity and

CHAPTER EIGHTEEN

263

The Radio Amateur's Handbook
(jan be recharged,

110

that ire effective life is of the automotive cable type should be used, to

practically indefinite. It can be used to provide
filament or heater power directly. and plate
power through associated devices such as
vibrator-transformers, dynamotors and genemotors, and a.c. converters. For emergency
work a storage battery is a partiCUlarly successful power source since practically no matter
what the circumstances such batteries are
available. In a serious emergency it would be
possible to obtain 6-volt storage batteries as
long as there were automobiles to borrow them
from and, for this reason, the 6-volt storage
battery makes an excellent unit around which
to design the low-powered pie station.
For maximum efficiency and usefulness the
power drain on the storage battery should be
limited to 15 or 20 amperes from the ordinary
100- or 120-ampere-hour 6-volt battery. This
should provide a carrier power when transmitting of 20 to 30 watts, which is usually adequate. In connecting the battery, heavy leads

minimize the voltage drop; ordinary car-receiver leads are definitely not satisfactory.
Similarly, heavy-duty low-resistance switches
are required.
Vibrator-Transformers: The vibrator-transformer consists of a specially-designed transformer combined with a vibrating interrupter.
When the unit is connected to a storage battery
the circuit is made and broken rapidly by the
vibrator contacts and the pulsating d.c. which
flows in the primary of the transformer causes
an alternating voltage to be developed in the
secondary. This high-voltage a.c. is in turn
rectified, either by a vacuum-tube rectifier or
by an additional synchronized pair of vibrator
contacts, and ffitered, providing outputs as
high as 400 volts at 200 rna. Tube rectifiers are
ordinarily used only when the negative side of
the circuit cannot be grounded, a requirement
with the self-rectifying type. The high-voltage
filter circuit is usually identical with that of an

TABLE I-BATTERY SERVICE HOURS
EstImated 10 34-Yo/l end pOint per nominal 45.yolt ,ection
Based On intermlt1entuse 01 3 to 4 hour. daily
(For belleries manulactured In U. S. A. only)
Menuladurer',
Type No.

Weight

Evereedy
386
486
586
485
585
762
482
738
733
455'

Lb.
Oz.
14--

Current Drain in Ma.
5

10

15

BOO

530

30

40

50

1B5

130

85

60

75

60

40

~

""""12
2
1400
--9---3- 1000
--8-~
900

52'537'5
450

290

260
200

30

14

""'1351'OO~""""iO--w----:rs7:5
21O'"'1'301'OO~45""'""25--W--1-1---5-

250

--3---3-"320"""140 -s1""""S4 ---rr- ~ - - - - - - - - - - - --2- ---"320 """140-s1""""S4 ---rr- ~-- - - - - - - - - - -

--1- --2-"""160 ---ro""""30 --W-1"O --7--- --- - 1 0 ---SO~ -1-1---7- 5 : 2 - - - - - - - - - - - --BT---ro~-1-1---7-

5:2------------

'Semelile Bsures apply to 467, 671,4.Yolt,10.5 oz.
Estlmaled 10 1..,01t end-point per 1.5-yoll unit
Baled on inlermillenluse 01 3 10 4 hours daily
(For batterie, manufactured in U. S. A. only)
Manuladurer',
Type No.

Voll.
ege

Welshl

Cunenl Drein in Ma.

Evere.dy
Lbs. Oz.
50
60
120
200 240
--A':"-~1-:::30;:;0.---I--:8--1--4- 1.25
2000
-6-""""12"1.5 - - - - - - 1400
740
---~7;-;4~11.---1--2- 1 4 " 1 . 5 - - 1100 "150-----=7,.:4:-3--1--2- --1-"1.5
"150 325 - - - - --I.....;~-I-..::..;:.=...I
7111
--22 " 1 . 5 - - 700 "320----=-=7:-':4-=-2--1--1- --6-"1.5--500 32S

A'2~~~

1;~

::::::::::::~~~~:~.::::=:!

11

I~:~

!:!

= = - - - - 2000 - -

_~~

____ ==I=-~~~-I--_I

1Same life IIgure, apply to 745, wi. 3 Ibs.
• Same Iif. 6slll•• epply to 747, wt. 11 lb••
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TABLE 11- VIBRATOR SUPPLIES

-

--

Manufaclurer's Tvpe No.

Reclifier

Oulpul Filler

100 .. a••

Syn.

None

35-40-60

Syn.

None

Oulpul

-----Am. Television
and Radio Co.

Eleclronic
Lab.

Mallory

Radiart

VP·551 '

-.

4204'
605
604'

VP·552'

4203'

251'
VP·555
VPM-6'

311"

Volts
125-150115-200
100-150250
150-200250-275
225-250275-300
300
300
250-2753OG-325

35-40-

Syn.

None

Svn.

None

Tube
Tw.
Tube

Yes
Ye.
Yes

400

50-65
50-65S0-100
100
200
50-751OG-125
150

Tube

Inpul con·
den.er only

325-350375-400
Ind 110 I.C.
60 cvcle

125-150175-200
20 wills

Tube

S 1'1<1.

VP-557
606'

MI.

Allinpuis 6 .olts d.c. unless olhelwi•• noled.
VP.553 .ame wilh tube rectlAer.
, 4204F •• me with Aller.
• 601 same with tube rectIAe.;602 same .xcepl12 v. d.c.lnput
Ind tube rectiAer, 603 same except 32 •• d.c. input and tube
reclifier.
• VP-554 •• me with tube rectiRe.; VP-G556 som. except 12
v. d.c. input; VP·F558 .ame excepl 32 v. d.c. inpul.
1

, AI,o 1.lllable wlthoul fiUer.
• 511 some e.cepl12 v. d.c. Inpul.
607 same excepl 12 Y. d.c. 01
Iinpul 6 v. d.c. o. 110 ••
110 Y. l.c.lnpult608 ..me except 32 Y. d.c. o. 110 Y. a.c.lnpul,
609 same except 110 v. d.c. or 110 Y. a.c. Input.

"Co,

TABLE 111- DYNAMOTORS

.

Manufacturer'S Type No.
C.rler

Elcor

U5A
180A
240A
210A
220A
250A
251A
2· r7A
l01A
3i5A
320A
351A
355A
3S2A
401 A

Pioneer

6
6
6
6

106'
15S"
10S

E1W272'
E1W3393
E2W351'
E2W243'
RAOW158'
EiW256'

E2W43S
415A
420A
425A
450A
515A
520AR

6
6
6
6

6
6
6
6
6
6

WI. 5 Ibs.

1.8
2.2
3.3

135
180
200
200
200
i50
250

30
30
40
100
200
50
100
75
100
150
iOO
100
150
iOO
100

61f2
6Th
6Th
61ft
6Th
6Th
6Th
6Th
61f2

6.3

13

5
9
6
9.7

15
19
10
15
22
13

6

15

6
6

24
33

111"

• WI. 9'/4 Ibs.
t Inpul currenl 14 amp'l wi. 50/.4 Ibs.

Lbs.

RA1W18912

RA1W201'

I

Ma.

E3W413

6

110 •
'

Volts

6
6

6
6

Weishl

Amp••

14.2
20
25
30
33

109"

I Inpul currenl 4.6 amp., wi. 4% lb••
• WI. 7'/l! Ibs.
'Input current 7.5 amp., wi. 71fll1bs.

I

Volis
6

1021

Oulpul

Inpul

275

300
300
300
350
350
350
400
400
400
400
400
400
500
500
500

125
150
200
225

250
100
150
iOO

7%
9 1/l!
6Th

7%
9 1/l!

7Y.
9114
7%
9Th

91fll
91/l!
11
91/l!

'WI. 16 Ibs.,Inpul cumlnl18 amp.
Slnput currenl 17 amp.
• WI. 171flllbs./ inpul currenl i5 amp.
le Input current 21.5 •• wt. 7% Ibs.
Illnput _ I 21.5 a.p., wt. 70/& lbo.
"[nput cunenl i7 a.p., wt. 111fll1bs.

P.,
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equivalent power source operating from the
a.c. line. Noise suppression equipment, serving
to minimize d. disturbances, is usually incorporated in the manufactured unit.
Although vibrator-transformers are ordinarily used with 6-volt tubes, their use with 2-volt
tubes is quite possible provided additional filament filtration is incorporated. This filter can
consist of a small low-resistance iron-core
choke, or the voice-coil winding of a speaker
transformer. The field coil of a speaker designed to operate on 4 volts at the total filament current of the receiver may be used. The
filaments are then connected in parallel, as
usual, and placed in series with this winding
across the 6-volt battery. On both 6- and 2-volt
receivers "hash" can be reduced by heavily
by-passing the battery at the vibrator supply
terminals, using 0.25 to 1l'fd. or more. Noise
will be minimized if a single ground, consisting
of a short, heavy copper strap, is used.
Table II shows some of the available vibrator packs that can be used for the emergency or
portable power supply. Some of the commercial
units include a hum filter and some do not, but
the design of this filter is, for the most part,
conventional. The vibrator supplies used with
automobile receivers are satisfactory for receiver application but usually are not desirable
for use with a transmitter exeept where the
power requirements are slight. The efficiency of
vibrator packs is normally in excess of 60%.
Dynamotofa and Genemotofs: A dynamotor is
a double-armature high-voltage generator, the
additional winding operating as a driving
motor. It is usually operated from a 6-, 12- or
32-volt battery, and may deliver voltages from

300 to 1000 or more. Dynamotors ha ve Leen
widely used in military work and many of
those in amateur use derive from such origins.
The genemotor is a refinement of the dynamotor designed especially for automobile receiver, sound truck and similar applications. It
has found wide acceptance among amateurs as
a source of transmitting power, having good
regulation and efficiency combined with economy of operation. It is also used in connection
with portable receiver installations, although a
rather high inherent noise level limits this application in sensitive amateur high-frequency
receivers.
Genemotors are made to fill almost every
need. Their cost, at amateur net prices, runs
from about eight to twenty-four dollars. Standard models range from 135 volts at 30 rna. to
300 volts at 200 rna. or 500 volts at 200 rna. as
can be seen in Table III. Parallel and series
operation of identical units to provide higher
capacity is entirely practical. The normal efficiency averages around 40%, increasing to better than 50% in the higher-power units. The
regulation is comparable to well-designed a.c.
supplies; it is largely a result of external IR
drops.
Successful operation of dynamotors and
genemotors implies heavy, direct leads, mechanical isolation to reduce vibration, and
thorough d. and ripple filtration (the purchase
of manufactured filter units is recommended).
The shafts and bearings should be thoroughly
"run in" before regular operation is attempted,
and the tension of the bearings should be
checked occasionally.
A.c.-d.c. converters: In some cases it may be

TABLE IV-GASOLINE ENGINE DRIVEN GENERATORS, AIR·COOLED
Manufacturer
Elco.

Janette

Keto

Output
On.n

Pioneer
BD..&

3AP6'
JR·35'
JRA-3'
19A
358'

JR·10'
SL'

AlBeA'
23A
JR·55'
14A'

6AP1
AUKA'
10AP1

BA-6Ol
7l'
10l'

8A·1oo'

AlDEA'
8A·150
I AI.o .Wlilible in .emoleoeonirol model••
"nMrmIHenI-duty model.
Wel,hl, 165 lb..

Volts

Walts

110 ••c.
0.6 d.c.
110 ••e.
110 a.c.
ftOa.c.
0.6 d.c.
t15 a,c.
110 a,c.
110 ••c.
110 •• c.
or 6 d.c.
1101.c.
110 ...c.
110 •. c.
110 a.c.
1!0 I.C.
1101.c.

300
200
300
3S0
350
200
3S0
400
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Starter

lb..
100

Push.bullon

65

65

Push-button
Rope crank

95

Push-bullon

91

SOO

135

Manual
Rope crank
Manual

500
200
550
600
7S0
1000
1250
1500

105

Push·button

90
135
195
170
425
275

Rope crank
Push-button
Manual
Push·button
Manual
Push-button

• 115·voll output.
• 115-voll output, welshl, 200 lb..

I
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desirable to utilize existing equipment built for
l15-volt a.c. operation in portable applications.
To operate such equipment with any of the
power sources outlined in the foregoing would
require a considerable amount of rebuilding,
This can be obviated by using a rotary converter capable of changing the d.c. from 6-, 12or 32-voIt batteries or 110 d.c. lines to nO-volt
60-cycle a.c. Such converter units are available
from several manufacturers, with output ratings from 40 to 300 watts. Their cost runs from
fifteen to fifty dollars at amateur prices.
The conversion efficiency of these units averages about 50%. In appearance and operation
they are similar to gene motors of equivalent
ratings, while the prices are approximately the
same. The overall efficiency of the converter
system will be lower because of the losses in the
a.c. rectifier-filter circuits and the necessity for
converting heater as well as plate power.
Generators: The plate supply systems outlined in the foregoing are, with the exception of
the dry-cell batteries, designed to utilize the
electrical energy stored in a storage battery.
The problem then arises o'f securing the energy
to be stored in the battery. If access to a.c.operated chargers is not possible at times between actual use, some form of self-powered
charging system is essential.
This need is ordinarily best met by a gasoline- or wind-driven generator. Water-power
generators have been used, but their dependence on special circumstances is obvious, and
they are not available in small sizes.
The windcharger consists of a small generator driven by a suitable impeller, mounted to
take advantage of the free energy offered by
the wind. The standard type costing in the

neighborhood of twenty dollars will supply up
to 16 amperes to a 6-volt battery. It will ordinarily keep fully charged a battery used to power
a typical receiver and small transmitter operated from vibrator or genemotor supply in
intermittent operation. (Bib. 1).
Gasoline-driven generators are also available
for use in charging 6-volt or larger batteries.
These ordinarily are rated at 150 or 200 watts
and cost in the neighborhood of forty dollars.
A 7:2- or ~-h.p. single-cylinder four-cycle engine is used, which will operate for twelve or
fifteen hours on a gallon of gasoline.
In higher-powered installations the use of intermediate storage batteries may be dispensed
with, and a gasoline-driven generator supply~
ing 110-volt a.c. directly may be employed.
Such generators are ordinarily rated at a minimum of 250 or 300 watts, and cost fifty or aixty
dollars. They are available up to two kilowatts,
or big enough to handle the highest-power
amateur rig, at a cost of between three and four
hundred dollars. Most are arranged to charge
automatically an auxiliary 6- or l2-volt battery
used in starting. Fitted with self-starters and
adequate mufflers and filters, they represent a
high order of performance and efficiency.
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 amongst amateurs, although in San Francisco and Oakland an amateur emergency unit relies on it heavily. Such
generators are similar in construction and
capacity to the small gas-driven units.
The home construction of generators of all
the above types has been successfully at-

FiB. 1801 - Combination 6- and 115.
volt power supply.
Ch - 120-ma. 4-benry filter cboke
(Thordarson T-49C91).
CI - O.06.pfd. paper, 4OO.volt.
CS - O.S·pfd. paper 200·volt.
CS - 8·pfd. electrolytic, 600.volt..
C4. - 12.pfd. electrolytic, 450.volt..
C6 -10.pfd. dectrolytic, 2S·volt.
Rio RI - 100 ohlllJ!, ~.watt.
T
375.volt 135.ma. power transformer
with lIS.volt and 6.volt prima·
ries (Thordareon 'f.14R40).
SWI - D.p.8.t. hea"" duty toggle _witcb.
SW2 - S,p.l.t. toggle switch.
SI - IO-contact male IIOCket (Jonel
P.310.AB).
PI, I':l -IO.contact male plugs (lonflll
S.310.FH'f).
RFC - 40 turna No. 14 enamelled wire,
wound in two layerl, %" i.d.
Vih. - Mallory 825 or 294. 825 will
handle more curren t.

01 20

6V.• DC
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tempted by amateurs at times, although the

possession of Il. eonsiderahle knowledge of electric motor design is essential. One especially
useful possibility is the re-winding of old automobile charging generators. several hundred
watts capacity being obtainable from the largest eizes. Those originally used on the old 4cylinder Dodge cars have been successfully
adapted by amateurs. Trade schools will often
have their students rewind these generators for
only the cost of the material, and this possibility is worth investigating. (Bib. 2).
An example of portable/emergency power
supply design capable of operation from either
115-volt a.c. or vibrator-interrupted 6-volt
storage battery d.c. is shown in Figs. 1801 and
1802. It is built around a dual-primary transformer. Two power cables are provided, one
ending in a standard a.c. male plug and the
other in battery clips. Miniature multiple plugs
connect these cables to the appropriate primary. open or close the vibrator circuit as required, and connect the heater circuit either to
a 6.3-volt winding or to the storage battery.
A simple hash filter in the form of a choke
wound of ordinary antenna wire and a fixed
condenser minimizes vibrator interference sufficiently to make break-in operation satisfactory.
The circuit shows the negative high-voltage
terminal ungrounded. permitting inclusion of a
bias or microphone voltage dropping resistor if
desired.
Portable Equipment- The Receiver
The weakest link in the portable or emergency communications chain usually is the receiver. An inadequate receiver. with poor
selectivity. low sensitivity and insufficient stability, can ruin a QSO even under favorable
conditions. When it is remembered that conditions in portable or emergency operation are
often more severe than those at home. with
poor antenna facilities, high noise levels, severe
interference, etc., the fallacy of attempting to
use an inferior portable receiver is apparent.
The best procedure of all is to use the home
station receiver for portable work. Headphones
should be used and the output tube removed,
but this is no hardship. Headphones are far
more satisfactory in such applications than the
speaker in any event. This procedure not only
ensures the availability of the high-performance receiver so vitally necessary, but the practice that has been obtained by using the receiver at home is invaluable in the specialized
operating techniques of portable or emergency
work. It takes as much experience to learn to
run a receiver properly as it does to drive a Car,
and the middle of a crisis is no time to gain that
experience. Even on lowered plate voltage the
home superhet will be better than a makeshift.
If a special portable/emergency receiver is to
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Fig. 18Q2 - The dual.primary power supply viewed
from the bottom. Between the two rectifier tubes i.
mounted the plug·in vibrator. The primary r.f. choke
can be seen between the two switches.

be built, it should be a superheterodyne. With
present-day tubes and components, it is possible to build a simple superheterodyne as
cheaply as a t.r.f. receiver, and there is no comparison between the two in performance. The
average communications superheterodyne can
be operated with storage battery heater supply
and dry-cell or vibrator-pack "B" supply.
With the audio power tubes removed from the
receiver, the power requirements are not too
great. Some of the receivers on the amateur
market have provision at the rear of the set for
plugging-in a d.c. supply, and those that don't
can be easily modified by drilling a socket bole
at the rear of the receiver and wiring it into the
set. When regular a.C. operation is used, a
shorting plug in the socket completes the cilcuit. A little study of the wiring diagram of the
receiver will show how it can be adapted to battery or other self-powered operation.
Portable Equipment- The Transmitter
Owing to the difficulty in securing power for
emergency, portable and rural transmitters.
their design will depend almost entirely upon
the power supply available. Comddering possible defects in hastily-improvised radiation
systems, etc., it seems unwise to use less than
10 watts input to a power amplifier or 15 watts
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to an oscillator. However, powers greater than
two or three times these values are not usually
necessary, so selection of the power supply will
depend almost entirely upon the pocketbook
and other resources. The aOO-volt, 100-ma.
vibrator-transformers and gene motors represent a nice compromise unless it is possible to
step into the 200- or aDO-watt gasoline-driven
generator class. (Bib. 3).
Perhaps the best plan in providing for an
emergency and portable transmitter is to utilize the basic exciter unit in the regular station.
This not only ensures the availability of a reliable, efficient unit at all times but means a
saving in parts and equipment. It represents no
hardship to the permanent station to construct
the exciter so it is compact, readily removable,
and, above all, solidly and dependably assembled. If your present exciter is not adaptable to
this use, plan thenewone so it will be. Of course,
provision for 6-volt tubes throughout is essential, with the heater circuit so arranged that it
can be connected to a storage battery without
change. A suitable plate supply using a vibrator or genemotor or similar system should be
available separately, arranged for ready connection. The best method is to have a socket
and plug connector assembly, with one plug
built into the transmitter and another, wired
identically, connected permanently to the
emergency supply.
The complete portable/emergency station
will be capable of operation on both C.w. and
'phone. Both have their special advantages,
especially in emergency work. When power is
limited and conditions bad, the greater reliable
range and higher communications efficiency of
c.w. often make its use preferable to voice.
Where instructions and general traffic must be
handled rapidly and in quantity, on the other
hand, the greater speed of voice over code
makes modulated transmission desirable.
Antenna Systems
It is difficult to specify standard antenna

systems for emergency or portable applications, because in all cases the location is the determining factor. As with most things, the
simplest antenna is ordinarily the best.
One of the simplest systems is the end-fed
antenna. A single half-wave on the lowest frequency to be used will radiate plenty of energy,
providing a good part of its length is well above
ground. If it is cut reasonably close to resonance efficient coupling is assured by connecting
directly to the plate (through a variable condenser) or to a supplementary link-coupled
tuned circuit.

If a transmission line is essential, it should be
as well-constructed as possible. The singlewire-fed type is ideal if the feed line can be
brought off the antenna at right angles. The
feeder should be tapped on the plate coil
(through a 0.002-pfd. fixed condenser) at the
point where the desired loading occurs, making
sure that the tank circuit is tuned to resonance.
The tables shown in Ohapter Twenty-Two for
this type of antenna should be followed closely.
A low-impedance two-wire line is excellent if
the antenna is to be an integral part of the portable station, since if it is too long it can be
coiled-up out of the way. Rubber-covered lamp
cord will make a fair feed line, the slight mismatch accounting for only a small loss of
power. For the meticulous, one of the special
72-ohm lines can be used.
The familiar tuned transmission line, of
either the Zepp or center-fed types, is next in
preference. It is dependable in performance but
somewhat more complicated to erect. The antenna coupling system should be extremely
flexible with this type, with tapped coils and
choice of series and parallel connections to accommodate any feeder length. The feeders
should be kept short and direct.
Emergency antennas may be erected with
insulation of dry hard wood, glass towel bars,
porcelain ware, etc., with wire salvaged from
broken communications (not power!) lines or
similar sources. If it is impossible to erect resonant lengths of wire, impedance-matching systems such as that shown in Chapter TwentyTwo can be used. Tuning can be accomplished
by plate milliammeter, neon bulb, or a flashlight bulb in series with the antenna.
Probably the most straightforward preparation for different conditions is to include severallengths of rope with the portable antenna,
so that a line may be thrown into a tree or
dropped out of a window. Portable masts can
be built but involve rather serious constructional difficulties.
Regulations
The F.C.O. regUlations covering amateur
portable and emergency work should be studied thoroughly by every amateur. See Ohapter
Thirty-Two.
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Assembling The Amateur Station
Location and Arrangement of Station-Control SystemsReceiver Protection - Lead-in Arrangement - Break~in
and Remote Control- Safety Devices and l'recautions

THE

element of danger to the operator and
others of the household from high voltages,
as well 8.S convenience, should be considered
seriously in planning the arrangement of station equipment.
• LOCATION OF STATION
Where space is at a premium, the transmitter may be built into a desk or radio console. If conveniently located, a spare closet
makes a very good spot for the transmitter
and may be arranged as shown in Fig. 1901.
If necessary, the transmitter may be located
in the basement or attic, in a closet or even in
a weather-proof box outside the house and
operated by remote control. Apartmenthouse dwellers sometimes build up a compact
arrangement on wheels which may be stored
under the kitchen range or sink and brought
out to the operating position whenever
desired.

I@~@I

I@Q)@I
I@Q)CD@I

Fig. 1901 - Transmitter mounted on clothes-closet
door. Standard rack construction may he followed.
Weight of heavy unit. is taken np by rollers at bottom.
The door may he replaced at little expense.
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Arrangement of Equipment

If the transmitter is to be built into a fioor
rack (construction described in Chapter 13)
or a frame, an operating table with a top of
24" by 36/1 has sufficient space for a receiver of
good size, key or microphone, control switches
and room for writing. A drawer will take care
of plug-in coils, small tools and writing materials. An operating table of somewhat greater
length will afford space for additional apparatus such as the monitor or small transmitter.
A shelf underneath will provide space for an
enclosed receiver power supply, emergency
apparatus, etc.
The transmitter should be located near a
window where the antenna or transmission
line may be brought in most conveniently and
also near the operating position where frequency changes which may be made by adjustment of tuning controls on the front of the
panel may be made without leaving the operating position. One good arrangement is shown in
Fig. 1902. The transmitter rack is within easy
reach of the operator. Since the lowest controls
of the average rack transmitter come above the
table level, it might be placed against the end
of the operating table with controls facing
either the operator or the center of the room.
Space between the wall and transmitter should
be left to permit passage to the side and rear
for coil changing.
If the transmitter is built up in breadboard
style, it may be placed upon a second table in
the position in which the rack is shown. Sometimes breadboard units are assembled, one
above the other, on a series of shelves emulating rack construction. Power-supply equipment may be assembled upon a heavy board
and placed under the transmitter table. A
suitable screen should be fastened to the legs of
the table to prevent approach to the highvoltage apparatus, and high-voltage wiring
should be brought up at the rear of the table to
the transmitter. While the receiver power supply may be placed upon a shelf under the operating table, under no circumstances should
the transmitter power supply be placed there
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control switches are connected
in series, none of the highvoltage supplies may be turned
on until the filament switch has
been closed and that the highpower plate supply cannot be
turned on until the low-power
plate supply switch has been
closed, and also, that the modulator power cannot be applied
until the final-amplifier platevoltage has been applied. SW 5
places a 100- to 300-watt lamp
(Lp) in series with the primary
winding of the high-voltage
plate transformer for use during the process of preliminary
tuning and for local c.w. work.
The final amplifier should be
tuned to resonance first at low
voltage and then SW 5 is closed,
Fig. 1902 - A convenient arrangement for station. The rack transmitter
short-circuiting the lamp. Expanel is within easy reach of the operator. On the tahlc arc the antenna
perience will determine what
tuner,lamp, receiver and loudspeaker, microphone, key and stationery file.
the low-voltage plate-current
The entrance switch is fastened to the right.hand end of the tahle. Transreading should be to have it
mitter controls are mounted on a board fastened to the tahle at the left of
the operator with foot.operated control switch underneath the table.
increase to full-power value
Reeeiver power supply is on shelf underneath. Service outlets are mounted
when SWs is closed so that the
on board fastened to rear of table. Lightning switches at top of window with
proper antenna coupling and
ground wire running down right side of window.
tuning adjustments may be
unless completely enclosed. In cases where the made at low voltage.
power-supply equipment is too bulky to be
Preferably, SW3 should be of the pushplaced in the operating room, it is sometimes button type which remains closed only so long
placed in the basement and wired up to the as pressure is applied. A switch of this type
operating room. If this is done, the wiring provides one of the simplest and most effective
should be suitably insulated and the apparatus means of protection against accidents from
fenced off to prevent anyone coming in contact
with it.
$" $, $" line I"
2
Control Circuits
Proper arrangement of
controls is fully as important as convenient arrangement of apparatus.
If the transmitter is to be
of fairly high power, it is
desirable to provide a special service line directly
from the meter board to
the operating room. This
line should be run in conduit or BX cable with conductors of ample size to
carry the load without undue voltage drop. The line
should be terminated with
an enclosed entrance switch
properly fused.
Fig. 1903 shows the wir-

ing diagram of a simple
control system. It will be
noticed that, because the

=!-----'-+!I 1:-,.....------r-~----r-~-,,-~

-r---1

F

Sw,

Hoi" entr(Jnce
switch

SERVICE OUTLETS

(---- . . -- --::::'::;-Sw.lA
:

sw~

l';"~
,,,~

{ ________ ... 70IIOV"A.C.relOl/sfiJr~
,.. _______ . . 8 SI.Ipply QrcothOdes;i:Uttenna

i

•

clulflqe-over etc.

F

F

All
lilamellts

Fig. 1903 - Station control system. With all switches except SW 3 c1osed,SW 3
serves as the main control switch. SW I - Enclosed entrance switch. SW2 -

Filament switch. SW3

Low plate-voltage and main control switcb. (See text.)

SW f - High plate-voltage switch. SW. - Low.power and tune·up switch. (See
text.) SW6
Modulator plate·voltage switch. F
Fuse. L - Warning light.
L" Voltage.reducing lamp. (See text.)
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high voltage. In the form which is usually considered most convenient, it consists of a switch
which may be operated by pressure of the foot
and is located underneath the operating table.
When used in this manner, it means that the
operator must be in the operating position, well
removed from danger, before high voltage may
be applied. If desired, SW3a may be placed on
the/ront of the transmitter panel so that it may
To4nt.

~

_=___

L - _.....

1=-__- - - - 0 To
--<> Receiver

Fig. 1904 - Simple protective device for receiver.
When the voltage induced across L, C, by transmitter
becomes too great, the neon tube breaks down, shortcircuiting the tuned circuit. L, and C, are any coil and
condenser which will tune over the required range. Bare
wire is suggested for L, so that adjustment of the taps
will be simplified.

seldom cause trouble unfess both transmitter
and receiver are unshielded and the output
circuit of the transmitter is so close to the input
of the receiver as to provide appreciable coupling between the two. Higher-power transmitters may induce voltages so great in the input
circuits of the receiver that, even though· the
receiver plate supply is turned off during periods of transmission, grid current is sufficient
to ruin the input tube and sometimes burn out
the cathode resistance. Well shielded receivers
are much less susceptible to damage and frequently are used with more or less success
without protection of any form, although it
may be necessary to replace the input tube at
intervals. It is always advisable, however, to
make some provision for protecting the receiver
against possible damage.
Short-circuiting of receiver input terminals
by means of a switch or a relay operated from
the transmitter control switch is only partially
effective, especially at the higher frequencies.
A simple precaution, which is often found adequate, is to provide a switch which opens the
cathode circuit of the input tube, preventing
the flow of grid current, although a considerable d.c. potential may exist between heater
and cathode.
Another simple arrangement, suggested by
W3BES, involves the use of a neon tube to
short-circuit a high-impedance antenna tuner.
It is shown in Fig. 1904. Probably the most
effective and logical scheme is one provided by
W8JMI, shown in Fig. 1905, in which a separate rectifier with external pick-up is used to
bias the first or first and second d. tubes of
the receiver.

be used while tuning the transmitter. SWaa
should, of course, be of the push-button type
also.
In more elaborate installations, and in remote control systems, similarly arranged
switches control relays whose contacts serve to
do the actual switching at the transmitter.
Two strings of utility outlets are connected,
one on each side of the entrance switch, for
operation of the receiver and such accessories
as monitor, lights, electric clock, soldering iron,
etc. Closing the entrance switch should close
those circuits which place the station in readi- Bringing the Antenna or Transmission Line
into the Station
ness for operation. SW 2 and SW 4 are normally
In bringing the antenna or transmission line
closed and SW 3 open. When SW 1 is closed
upon entering the operating room, the trans- into the station, the line should first be anmitter filaments are turned on as well as the chored to the outside wall of the building, as
receiver which should be plugged into line No. shown in Fig. 1906, to remove strain from
2. With SW 4 closed (also SW 5 and SW6), SWa lead-in insulators. When permissible, holes cut
performs the job of turning all plateR.F.
R.F
supplies on and off during periods of
transmission and reception. Continuously operating accessories, such as
the clock, should be plugged into line
No.1 80 that it will not be turned off
when SW 1 is opened. Line No. 1 is
L,
also of use for supplying a soldering
iron, light, etc., when it is desired to
remove all voltage from the transRz
mitter by opening SW 1•
Receiver Protection
Unless certain precautions are
taken, operation of a transmitter in
close proximity may cause damage to
the receiver. Low-power transmitters
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Fig. 1905 - Another protective device for receiver. L, is a pickup coil coupled to the transmitter output tank circuit. Size of coil
must be determined by experiment. C, - .002 ,Jd. R, - 100.000
ohms suggested for first trial. Experiment with partieular set-up
will be necessary. R, - Decouplin g resistors in receiver A VC
system.
T, - Any tube with grid and plate tied together_

CHAPTER NINETEEN

Assembling The Amateur Station
scheme shown in Fig.
1906-B may be used.
In a less permanent
Window
method, the window is
Gloss
raised from the bottom
or lowered from the top
to permit the insertion of
a board three or four
inches wide which carries
Rubber WilShers
cemented to rod
the feed-through insula.tors. This arrangement
may be made weatherproof by making an overlapping joint between
To ked- throUfh
the board and window
inSulators
sash, as shown in Fig.
1907, and covering the
B
A
opening between upper
Fig. 1906 - Bringing the feeders in. A - Anchoring feeders to take strain from and lower sashes with a
feed.through insulators or window glass. B
Going through a full.length screen. sheet of soft rubber cut
Tit" cleat is fastened to frame of screen on inside of SCreen. Clearance holes arc eut from an inner tube.
in the cleat and also in the screen. The ruhher washers keep the weather out.
When the transmitter
must be located at a
directly through the walls of the building and considerable distance from the point at which
fitted with feed-through insulators of suitable the antenna transmission line enters the buildsize are undoubtedly the best means of feeding ing, the most practical way of feeding the
the antenna into the station, for the job can antenna is by means of a low-impedance transbe done with little difficulty and can provide mission line which may be fastened along the
greater mechanical permanence than other picture moulding near the ceiling. If multischemes. It involves no interference to screen- band operation is desired, a separate antenna
ing or storm windows. The holes should have for each band will be required; otherwise, it
plenty of air clearance about the conducting will be necessary to place the antenna tuner at
rod, especially when tuned lines, which develop the point at which the feeders enter the buildhigh voltages, are employed. Probably the best ing and couple the antenna tuner to the transplace to go through the walls, from the stand- mitter by means of a low-impedance line. This
point of appearance, is the trimming board at arrangement is very awkward to tune with the
the top or bottom of a window frame which antenna and final-amplifier tank circuits sepprovides flat surfaces for tightening lead-in arated so widely.
insulators. Cement or rubber gaskets may be
Antenna Switchinlll
used to water-proof the exposed joints.
As pointed out in later chapters
Where such a procedure is not
it is desirable, particularly in DX
permissible, the window itself usually offers the best opportunity.
work, to use the same antenna for
transmitting and receiving. This
One satisfactory method is to drill
holes in the glass near the top
requires switching of antenna from
&1sh
of the upper sash. If the glass
transmitter to receiver. One of two
which is to be drilled is replaced by
general systems may be employed.
plate glass, a stronger job will reIn the first, the transmitter and
sult. Plate glass may be obtained
receiver are each provided with an
reasonably from automobile junk
antenna tuner and the antenna
yards and may be drilled before Sil/"
transmission line is switched from
placing in the frame. The glass it~mz~~
one to the other. In the second
self provides the necessary insulasystem, one antenna tuner is protion and the transmission line may
vided for each antenna and the
be fastened to bolts fitting the
Fig. 1907 - Antenna switch is in the low-impedance
holes. Rubber gaskets cut from lead-in pauel. It may he coupling line. Several arrangeover the top sash or
inner tube will render the holes placed
under the lowcr sash of ments are shown in Fig. 1908. The
water-proof. The lower sash should window. The overlapping high voltages which develop on
be provided with stops at a suit;.. joint makes it weather- tuned lines require switches and
The single thick wiring with good insulation. Freable height to prevent damage proof.
hoard may be replaced hy
when it is raised. If the window is two tbinner hoards fas· quently relays with low-capacity
fitted with a ,full-length screen, the tened together.
contacts are substituted for the
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hand-operated switches.
Either way is satisfactory.

limet! feeders or

low-impedance line

~--

Remote Control
When it becomes necessary to locate the transli:! ______
To n?aiver
mitter at some point re- Tn1nsmitler
_ _ antenna
tuner
ontenna _ _
mote from the operating
tuner
D.R D, r: switch
position, it is usually
0' rela'!
more feasible to control
B
A
the transmitter by means
of relays rather than to
limed feeders
attempt to carry power
wiring between the transmitter and operating position. Not only must the
wiring be more carefully
executed, but considertuner
able drop in voltage may
develop unless wire of
Transmitter. L:1~
---Receiver
lkmsmitier~eceiW!r
large size is used. Relays
~
DP. D1 swilxh or relm;
OPD. r. switch orrelo'l
require little current and
low-voltage types reD
C
quire wiring with a relatively small amount of
insulation. Wiring for a
large transmitter may be
bonded into a small cable
occupying but !little space.
------A typical arrangement
for remote control is
shown in Fig. 1909. In
Trommilter
Rer;;eivl1l"
'phone installations, it is
D.P.IJ.T.
a.PD.r.
common practice to place
the modulator and driver
F
E
with the transmitter and
Fig.
1908
Antenna
switching
systems.
A
.For
tuned
lines
with separate
speech amplifier at the antenna tnners or low impedance lines. Jl For voltage-fed antenna.
C - For
operating position, cou- tnned line with single tuner. D For voltage-fed antenna with single tuner. E pling the two with a low- For two tuned-line antennas with tuner for each antenna or for low-impedance
lines. F - For several two-wire lines.
impedance line.
Where distance beBreak-in
tween control point and the transmitter makes
The advantages of break-in operation are
it important, the number of control lines may be
reduced by a scheme shown in Fig. 1910. Relays many and are described in Chapter 31. If
1, 2 and 3 are adiusted to close at progres- the station is provided with a stable, shielded
sively increasing values of current. In opera- superheterodyne receiver, it may be necessary
tion, SW J is closed and, with RJ and R2 in se- only to use a separate antenna for the receiver.
ries, the line current is sufficient to close only This should be located as far as possible from
Relay No.1 which will turn on filaments and the transmitting antenna and at right angles to
bias supply. When SW2 is closed, RJ is cut out it. Sometimes a short receiving antenna will
of the circuit and the line current increases to reduce interference from the transmitter and
a value sufficient to close relay No.2 which yet permit reception from stations at quite
turns on the high voltage, but not No.3. 'rhe some distance. Use of the external rectifier of
key short-circuits R2 and again the line current Fig. 1905, described in connection with reincreases closing relay No.3, the keying relay. ceiver protection, is recommended where
The system requires rather careful adjustment break-in operation is desired. With unshielded
and values will depend upon relay character- or regenerative receivers, it may be necessary
istics and line voltage. Those interested in a to provide a relay which opens the headphone
more extensive circuit for frequency changing, circuit when the key is closed to prevent racket
modulation checking as well as power control in the headphones which might paralyze the
by means of a single pair of wires are referred ear for the weaker break-in signal. In this case,
an output transformer between receiver and
to page 37 of QST for July 1938.

w,"""'"
U[!;
--

__ r7

li1i lli1
- ----~
--
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more complicated and
less practicable because of the increased
difficulty in distinguishing the wanted signal
from others. A method
of electronic control of
the carrier is described
in detail in QS'l' for
November 1936. The
voice signal operates a
relay whieh cuts the
carrier off if there is a
short pause in speech,
the carrier resuming
whenever speech is resumed.
A more commonly
used system is the
"push-to-talk" method.
In this system, a convenient "push" switch,
such as the foot-operFig. 1909 ~ Remote control system. This system is essentially the same as that
ated switch mentioned
shown in Fig. 1903 except that the switches control relays at the remote transmitter
in connection with Fig.
which do the switching. The speech amplifier and modulator driver /lre ~",upled with
1902, is used to cut the
a low-impedance line.
carrier, and also the
headphones with the relay breaking the con- oscillator, on and off. With this arrangement
nection between headphones and transformer and the receiver precautions recommended for
secondary winding is recommended. In ex- break-in operation, 'phone conversations may
treme cases, an additional relay short-cir- be speeded up and made more pleasurable.
cuiting the receiver input may be required.
All of these relays should be connected so as
Safety Precautions
to operate with the key.
The following excerpts from the A.R.R.L.
If the same antenna is used for receiving as
Safety Code apply particularly to the arrangewell as transmitting. a
ment and installation of station control
change-over relay opequipment:
erating from the keying
circuit must be added.
Mastel" Switch - There should be one
Unless the transmitter oscillator is very powedine switch, in a conspicuous and
well shielded, it will be easily-accessible location on or near the
=2
impossible to use transmitter, which contl"Ol" all power to the
break-in operation with transmitter.
a station on the freII. V. Leads -High-voltage leads should
quency of the transmitter or frequencies be a good grade of high-tension wire insuimmediately adjacent lated for at least two to threc times the peak
unless the oscillator is operating voltage.
keyed. Most break-in
Keys
The arm of the telegraph key
systems employ keyed
should he grounded in every ease. In keying
with
the
foloscillators
R,
lowing amplifier stages circuits which do not permit a direct ground
provided with sufficient on the key, a suitably-insulated relay should
fixed bias to prevent always he used. Live parts of the key should
plate-current flow with he pl"Otected from accidental hodily contact
Fig. 191O-The numhy suitable covers or hatTiers.
excitation removed.
her of control wires may

:--<1

be reduced by this
method for long remote
lines. Relays are adjusted to close on different eurrents controlled
by resi.tances.

'Phone Break-inPush-to-Talk

Break-in operation

with 'phone becomes

Relays - Relays should be provided with
covers, or installed in such fashion that accidental closing hy mechanical means cannot Geeur_
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Safety Devices

The series shorting plug scheme shown in
Fig. 1911 is a very simple and effective method
of cutting off the primary supply to the transmitter whenever work is to be done or adjustments to be made, providing one forms the
habit of using it every time the transmitter is
approached. The socket should be mounted in
a convenient place on the operating table;
when the plug is out, no power can get to
the transmitter. If you carry the plug with
you, you know the power is off and that no one
can turn it on.
~

times, a burned-out lamp is indicated when no
light at all shows.
Lillhtninll Protection
An ungrounded radio antenna, particularly
one large and well elevated, is a lightning
hazard. When grounded, it provides a measure
of protection. Therefore, grounding switches,
such as are shown in Fig. 1902, or lightning
arrestors should be provided. Examples of

- - - - - - - { D !)--,,.---...

Xmt,.

!lOA.C

Fig. 1913 - Double signal.light system avoiding
danger of lamp bUnl-out. Whenever both lights are out,
they should he tested.

Grounded side of Itne)

Fig. 1911 - Series.plug arrangement for eutting
supply line to transmitter during adjustments. The lamp
indicates when the serics plug is in the ungrounded side
of the line as it should be.

Feeder

0"

j:'ei!o'ers '\

The signal light serves as a check on line
"polarization II as well as a warning when the
shorting plug is in place. If the lamp does not
light when the shorting plug is in place, the line
is polarized incorrectly and connections to the
a.c. line should be reversed. The outlet for the
shorting plug and the warning light may be
obtained as a unit at most electrical supply
houses.
A similar scheme applied as a door interlock
in enclosed transmitter construction is shown
in Fig. 1912. Here again, the plug and receptacle should be in the ungrounded side of the
supply line.
A dependable signal-light system is shown
in Fig. 1913. Since either bulb must be on at all
B

FRONT

A

Fig. 1914 - Low.los.lightning arrestors for tranemit.
ter inotallations.

II[
Fig. 1912
Seriee.plug,idea adapted as cahinet-door
interlock. Plug'should he in ungrounded aide of line.
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construction of low·loss arrestors are shown in
Fig. 1914. At A, the arrestor electrodes are
mounted by means of stand-off insulators on
a fireproof asbestos board. At B, the electrodes
are enclosed in a standard steel outlet box.
In each case, the gaps should be made as small
as possible without danger of break-down during transmitter operation. Lightning systems
require the best ground connection obtainable.
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Tube Characteristics and
Miscellaneous Data
THIS

chapter represents a compilation of
misccllaneous data useful to the practising
radio amateur. By far the larger part of it is
devoted to data on hundreds of different types
of transmitting and receiving vacuum tubes
available from a number of manufacturers,
including typical operating conditions and
base connections. The remainder of the chapter
contains reference information in both tabular
and narrative forma, intended to illustrate and
supplement the basic material throughout the
remainder of this Handbook.
Inductance (L)
The formula for computing the inductance
of air-core radio coils is:
0.2 A2~
L = 3A + 9B + 10C
where: L is the inductance in microhenrys
A is the mean diameter of the coil in
inches
B is the length of winding in inches
C is the radial depth of winding in inches
N is the number of turns.
The quantity C may be neglected if the coil is a
single-layer solenoid, as is nearly always the
case with coils for high frequencies.
For example, assume a coil having 35 turns
of No. 30 d.s.c. wire on a receiving coil form
having a diameter of 1.5 inches. Consulting the
wire table, we find that 35 turns of No. 30
d.s.c. will occupy a length of one-half inch.
Therefore,
A - 1.5
B = .5
N
35
and
L "" 0.2 X (1.W X (35)2
(3 X 1.5) + (9 X .5)
or 61.25 microhenrYB.
To calculate the number of turns of a singlelayer coil for a required value of inductance:

N =

f3A +9B X L
0.2A2
•

'\J

More rapid and convenient calculations in
designing coils can be made with the A.R.R.L.
Lightning Radio Calculator (Type A). Stated
generally, the self-inductance of a coil is inver8ely proportional to the reluctance of its magnetic circuit and is proportional to the square of
the number of turns. If the magnetic circuit is
a closed iron core, for instance, the inductance

value might be several thousand times what it
would be for the same coil without the iron
core, the reluctance being that much less than
with an air-core. Also, doubling the number
of turns would make the inductance 4 times
as great.
Condenser Capacity (C)
The formula for the capacitance of a condenser is:
kA (n 1)
C
411"d X 9 X 105

=

.008~

(n -1) lO-li",fd.

where: A

area of one side of one plate (sq.
cm.)
n
total number of plates
d = separation of plates (cm.)
k = specific inductive capacity or dielectric constant of the dielectric.
When A is the area of one side of one plate
in square inches and d is the separation of the
plate in inches,
C

= .02235kA
d

(n -1) lO-li",fd.

The dielectric constant determines the quantity of charge which a given separation and
area of plates will accumulate for a given
applied voltage. The "inductivity" of the
dielectric varies as in the table. " k" is the ratio
of the capacitance of a condenser with a given
dielectric to its capacitance with air dielectric.
Table of Dielectric Constants
Dielectric

Ii. U

Air (normal pr_ure) 1. 00
Flint GIQ8S
6 to 10
Mica
4.6 to 8
Paraffin Will< (oolid) 2.0 to 2.5
Sulphur
3.9 to 4.2
Castor Oil
4.1
Po<eelain
4.4
Quart.
4.5
R ...in
2.5
Olive Oil
3.1
Outta PerellA
3.3 to 4.9
Shellac
3.1
Common 01....
8.1 to 4.0
Turpentine
2.23
Dry Oak Wood
2.5 to 6.8
Formica Rll kplite. etc.:; to 6

Puncture "oltaQ'
Kilovolt.
Kilo.olt.
per em.
per tneA
1.8-9.0 19.8-22.8
900
2280
1500
3810
400

1011

150

381

120
80-200

305
203';08

300-1500
110-160

762-3810
281)-406

Inductive and Capacitive Reactance
The formula for inductive reacta.nce ill:
XL = 21TfL
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where XL is the inductive reactance in ohms
"If

is 3.14,16

f is the frequency in cycles per second
L is the inductance in henrys.
From this it is evident that inductive reactance
is directly proportional to frequency and directly proportional to the value of inductance.
The capacitive reactance formula is:
1
Xc

Condensers in Series and Parallel

Capacitances ean be eonnected in series or
in parallel like resistances or inductances, as
shown in the diagram. However, connecting
condensers in parallel makes the total capaci-

PARALLEL

where: Xc is the capacitive reactance in ohms
... is 3.1416
f is the frequency in cycles per second
CId. is the condenser capacitance in
farads.

PARALLEL

106 being 1,000,000.

where t is the time in microseconds (millionths
of a second), R is the resistance in ohms, and
C is the capacitance in microfarads. RC should
be divided by 1 million to give the answer in
seconds. This is called the time constant of the
combination. The time required for the voltage
to fall to one-tenth (10 %) of its initial value
can be found by multiplying RC, as given
above, by 2.4.
Time constant, t, for 90 % fall in voltage
RC
... 2.4 10 6 ' t being in 86conds, R in ohms and C

.15.

OAI

1

Ca

C
I
l''--cz---'T_ _---<OB..J

tance greater while in the case of resistance and
inductance, the value is lessened by making
a parallel connection.
The equivalent capacity of condensers connected in parallel is the sum of the capacities of
the several condensers so connected:
C = Cl + C2 + Cs.
The equivalent capacity of condensers connected in series is expressed by the following
formula:
.!=1+1+-.!...

C

Cs

When but two condensers are connected in
series, the following expression can be used:
C

CjC2 .
C1 + C2

Where the net capacitance of a series-parallel
combination is to be found, the eapacitance of
the series groups can be worked out separately
and then added in parallel combination. As is
also true in the case of resistances in parallel,
the Series-Parallel type Lightning Calculator
is a useful aid in making such determinations.
The Decibel

The decibel (abbreviated db) is a convenient
unit for the measurement of electrical or
acoustic power ratios on a logarithmic scale.
The number of decibels equivalent to the ratio
between two amounts of power is:
PI
db
10 10gIO A'

in IJ/d.
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DIAGRAMS OF SERIES, PARAUEL AND
SERIES-PARALLEL CAPACITANCE
CONNECTIONS

Resistance-Capacitance Time Constant (RC)

= RC,

T
T~---~--~----~--------08~

AG~~rJB

SERIES-

XC=--2",/C"Id·

t

oA-,
I
C

C

SERIES

Where the capacitance is in microfarads
("fd.), as it is in most practical cases, the
formula becomes
10 6

If a charged condenser had infinite resistance between its plates, it would hold the
charge indefinitely at its initial value. However,
since all practical condensers do have more or
less d8fmite resistance (through the dielectric
and between the connecting terminals), the
charge gradually leaks off. Good condensers
have a very high "leakage resistance," however, and will hold a charge for days if left
undisturbed.
In a circuit containing only capacitance
and resistance, the time required for the potential difference between the charged plates of a
condenser to fall to a definite percentage of its
initial value is determined by the capacitance
of the condenser and the value of the resistance.
The relation is of practical importance in many
circuit applications in amateur transmission
and reception, as in time delay with automatic
volume control, resistance-capacitance filters,
etc. For the voltage to fall to 37% (0.37) of its
initial value,

T
..i.C.

1, 12
I

Since the decibel is a logarithmic unit, suc-
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DECIBELS (D

cessive gains and losses expressed in db can be
added algebraically. If the ratio of the two
power values is greater than 1 there is a power
gain i if the ratio is less than 1 there is a loss of
power. A gain is expressed in "plus db" i a loss
in "minus db."
The decibel also can be used to express ratios
between voltages and currents provided the
eircuit conditions are the same for the two
quantities whose magnitudes are being compared; i.e., if the impedances and power factors
of the circuits are the same.
The decibel is primarily a unit which specifies gains or losses with reference to the power
value at some point in a system regardless of
the actual value of the reference power. In
telephone and radio work, however, it is convenient to assume a reference power level and
express the power at a point in a circuit in terms
of "plus db" or "minus db" above or below
this reference level. A standard reference level
in radio work is 0.006 watt, or 6 milliwatts.
The chart above is direct-reading in terms of
decibels for all power, Voltage or current ratios.
The top scale goes from 0 to 100 db and is
useful for very large ratios; the lower scale permits closer reading between 0 and 20 db, or one
cycle of the extended scale. Solid lines show
voltage or current ratios; dotted lines, power
ratios. To find db gain, divide output power by
corresponding input power and read db value
for this ratio, using the appropriate curve (Le.,
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"X 1" for ratios from 1 to 10, "X 10" for ratios
from 10 to 100, "X 100" for ratios from 100 to
1000, and so on). To find db loss, as where output is less than input, divide input value by
output value. Current and voltage ratios in db
can be found similarly, provided the input and
output impedances are the same. Power, voltage and current values must be in the same
units (watts, millivolts, microamperes, etc.).
Color Code for Resistors and Condensers

A standard color code is used for identification of resistance and capacitance values of
small carbon-type resistors and midget mica
condensers. In this code, numbers are represented by the following colors:

0
1

2
3
4-

Black
Brown
Red
Orange
Yellow

5
6
7
8
9

- Green
- Blue
- Violet
-Gray
White

Three colors are used on each resistor to
identify its value. The body color represents
the first figure of the resistance value; one end
or tip is colored to represent the second figure;
a colored band or dot near the center of the resistor gives the number of zeros following the
first two figures. A 25,O()O...ohm resistor, for example, would be marked as follows: body, red
(2); tip, green (5); dot, orange (3 zeros).
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Small mica condensers usually are marked
with three colored dots, with an arrow or other
symbol indicating the sequence of colors. Readings are in micromicrofarads (1'I'fd.), with the
color code same as above. For example, a
0.00025-l'fd. (250-l'l'fd.) condenser would be
marked as follows: red (2), green (5), brown
(1 zero).
Metric Prefixes

1
1,000,000

m

1,000

One-millionth

micro-

One-thousandth

milli-

c

1
100

One-h undred th

centi-

d

1
10

One-tenth

deci-

1

One

uni-

dk

10

Ten

deka-

h

100

One hundred

hekto-

k

1,000
10,000
1,000,000

One thousand
Ten thousand
One million

kilomyriamega-

M

Conversion Factors
Ampere
Ampere
Cyole
Cycle
Farad
Farad
Farad
Henry

Renry
Kilocye!e
Kilovolt
Kilowatt
Megacycle
Megohm
Mho
Mho
Microampere
Microfarad
Microhenry
Micromho
Micro-ohm
Microvolt
Microwatt
Micromicrof..rad
Micromicro-ohm
Milliampere
Millihenry
Millimho
Milliohm
Millivolt
Milliwatt
Volt
Volt
Watt
Watt
Watt

ABBREVIATIONS
Alternating current
Ampere (amperes)
Antenna
Audio frequency
Centimeter
Continuous waves
Cycles per second
Decibel
Direct current
Electromotive force
Frequency
Ground
Henry
High frequency
Intermediate frequency
Interrupted continuous waves
Kilocycles (per second)
Kilowatt
Megacycle (per second)
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1,000 cycles
1,000 volta

1,000 watts
1,000,000 cycles
1,000,000 ohms
1,000,000 micromhos
1,000 millimhoa
.000,001 ampere
.000,001 farad
.000,001 henry
.000,001 mho
= .000,001 ohm
.000,001 volt
.000,001 watt
= .000,000,000,001 farad
.000,000,000.001 ohm
- .001 ampere
- .001 henry
= .001 mho
- .001 ohm
= .001 volt
~ .001 watt
1,000,000 microvolt.
= 1,000 millivolt.
- 1,000,000 microwatta
1,000 miUiwa tts
= .001 kilowatt

Equivalents of Electrical Units
1 kilowe.tt
1000 watts.
1 kilowatt - 1.34 H. P.
1 kilowatt - 44,257 foot-pounds per minute.
1 kilowatt = 56.87 B. t. u. per minute.
1 horse power = 746 watts.
1 hor!le power - 83.000 foot-pounds per minute.
1 horae power
42.41 B. t. u. per minute.
1 B. t. u. (British therma.lunit) = 778 foot-polmdB.
1 B. t. u. - 0.2930 watt-hour.
1 joule - 1 watt-second.

= 1,000,000 microamperes

- 1,000 milliamperes
~ .000,001 megacycle
= .001 kilocycle
:::I 1 1000,000,000,000 mioromicrofarada
= 1,000,000 microfarads
= 1,000 millifarads
= 1,000,000 miorohenrY8

= 1,000 mllt:henrY8

Symbols for Electrical Quantities
Y, y

Admittance
Angular frequency or velocity (".f)
Capacitance
Conductance
Conductivity

FOR ELECTRICAL AND RADIO TERMS
Megohm
a.c.
a.
Meter
ant.
Microfarad
Microhenry
a.f.
Micromicrofarad
cm.
Microvolt
c.w.
C.p.s.
Microvolt per meter
Microwatt
db
d.c.
Milliampere
e.m.f.
Millivolt
f.
Milliwatt
gnd.
Modulated continuous waves
h.
Ohm
h.f.
Power
i.f.
Power factor
i.c.w.
Radio frequency
Ultra-high frequency
kc.
kw.
Volt (volts)
Mc.
Watt (watts)
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w

C
G, g

..

MO

m.

I'fd.
I'h.
I'l'fd.
I'v.
I'v/m.
I'W.

ma.
rov.
mw.
m.C.W.

o
P.
pJ.
d.
u.h.f.
v.

w.

Tube Characteristics and Miscellaneous Data
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SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS

17

Antenna

1..
T

Ground

-60~
J~

:

,,0

;;::J

..L

Vanable Condenser
.,....'----- (movable piedes)

Air,wre Trons/ormer
or two co/ls couplecl to
each ether

Ke,!

WIth

=::1::

Jacks

Ef
] e:::=3[

Swr/ch

JII[

Sin'1le -pole
Poub!e -throw switch
Oouble-£lPle
Sinrle-throw swi/;d,

-@-

Ammeter

-@-

Mil//ometet"

-®-

Voltmeter

+

Wires connected

+

---<f"'V>-

~

Filament

6rid

BW

Air-core Tronsformer
von.,b!", COU!,!!,,'!

--<t"""_
~

Diode Vacuum Tvbe

..L

Lovclspeaker

1ate

Triode Vacuvm Tube

Filament
Plote

fj

Link-CQI/pled

---

Incluctarice

~- -

Grrd

Cothade

ScrefJ.q

Screen (ind Vowum Tube
with Intlirectl,! Heated
CathcJde

fI/?LlLer

Iron-CQre TranslOrmer
fro!') -COre

Or Choke

~III'I'I'[!

~
.::=:
~- -

Indvcwnce

fJattery

:::;r-z:

Pentode Vacl/um Tube
x the sUA ,,,ssor 1m!
amneded filome"t inside tube

r,:

Plate

6nd4--

Sin11e Cell

Double Diode-Triode
Vacuum Tube

lJiode plates

Net/ter

St'm;le-lJutton Carbon MIcrophone
/)ouble-8uttonCi:lrbonMicrop/loae

CPt""d_

w--

G

PG•

,

::::::

G,

WIres eromi71out
/Jot connected
Fase

Neo/78l/lb

~ate
W

Fixed Condenser

T

lIeatiphanes

"0

~

Tapped /ndl/donee

Gz

Cnpta/ #tcrophone

Multi-Grid VaevumTube
The 'inds are u.suo!!,! numbered,
the 6, hem,! that close.!t to
the cothocle

c

FixedResistor

-wwN'-

Varia6le and tappedResistor

/ndl/dance
(fixed coil or richoke)

Current
Difference of potential
Dielectric constant
Energy
Frequency
Impedance
Inductance
Magnetic intensity
Magnetic flux
Magnetic flux density
Mutual inductance
Number of conductors or turns
Permeability
Phase displacemen t
Power
Quantity of electricity
Reactance
Resistance
Resistivity
Susceptance
Speed of rotation
Voltage
Work

Pj

(rheOJti:l~ potentiometer,
vOltaye pj Vlaet; etC)

I, i
E, e
K or
W

E

Z, z

L
H
<l>

B

M
N
p.

"0 or <l>
P, p
Q, q

P
b

n
E, e

W

P,2

W---

G,

,

Oouble-li-iode Vac=
Tube with Common Cothode

c

Letter Symbols for Vacuum Tube Notation

f

X, x
R, r

G

Grid potential
E,n e€
Grid current
lo! i.
Grid conductance
g.
Grid resistance
r.
Grid bias voltage
Ee
Plate potential
E p , ep
Plate current
I., I p, i p
Plate conductance
gp
Plate resistance
rp
Plate supply voltage
Eb
Emission currcnt
I.
Mutual conductance
Om
Amplification factor
p.
Filament terminal voltage
Ej
Filament current
I,
Grid-plate capacity
COP
Grid-cathode capacity
Co.
PJatc-cathotle capacity
CpIt
Grid capacity (input)
C.
Plate capacity (output)
Cp
NOTE_ - Small letters refer to instantaneouB
values.
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CA3

0..4

0.6

0.8

I

"
4

3

4

, f p/

/ L

Fi

1L
!J ...

,Fr
I ' .....

1'"

\

.s

~~

/

.
j

.3

V

<1

0..3

.....
I

Iiv~
Fe

II Frrp",

V

0..1

-

-......

V

..

0..4

1..

nc

N1M ,

AfpIies it>~r ovlf'u~

Applies'fAlOIIdresisl:tulceond
fop/ate resistpnce
~m~ler 10 muwt11"''''''''''''_

0..6 M
\
\.5
2
3
VOLTA(;£ CONVERSIOII FACTOR (Fe)

4

Reactance chart (below). The approximate reactance
in Dhms Df any capaeity frDm 10 "",fd. to 10 ",fd, at any
frequency frDm 100 eycles to 100 megacycles can he read
directly from the chart. Intermediate values can be esti·
mated by interpDlatiDn. In making interpolatiDns, it
should be remembered that the rate of change between
the capacity lines is logarithmic, like the frequency and
reactance scales; e.g., a point halI.way between 1.0 and
10 "fd. represents approximately 3.0 "fd.

10.0,0.0.0. ~~~~~
7o.,OOO~
50.,000.

factors for power amplifier triodes and

tube data tables which follow, equivalent conditions in.
volving special plate voltage requirements can be
determined. To use these curves, first determine the
ratio of the new plate voltage to. that showo in the table.
This ratio, the vDltage conversiDn factor (F.), i. then
used to determine the new sereen· and control·grid volt.
ages and the other significant characteristics fDr the new
Dperating cDndition.

I
I

3
2

+ Conversion

pentooes. Using the operating cond:t:ons shown in the

iff

6

2.

1.5

f--f.-''k-!-

30,0.00.
20.,0.0.0.
10..0.0.0.

1.0.0.0.
5,0.0.0.

FREQUENCY
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COPPER WIRE TABLE
Turna per Square Inc/a. 2

Turn. per Linear Inch 2
Gauge
No.
B. d: S.

!Mm.
in
Mil. I

C••etd4r
Mil
A ....

---- _ ..
1
2
II

"
I)

1\
'1
8
9

10

C"".l

==
>
~
~

::c

i
;<

~

eo
~

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
-_.

289.3
257.6
2211.4
204.3
181.9
162.0
144.3
128.5
114.4
101.9
90.74
BO.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
4.45.'1
3.965
3.531
3.145
--

Feet per Lb.
Ohms

Enamel

D.S.C.
or
S.C.C.

S.C.C.

D.C.C.

S.C.C.

Enamel
S.C.C.

D.C.C.

Bare

-'--836110
66370
52640
41740
83100
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
lS.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
---

-

-

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.S
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

-

-18.9
21.2
23.6
26.4
29.4
32.7
36.5
40.6
35.3
50.4
55.6
61.5
68.6
74.8
83.3
92.0
101
110
120
132
143
154
166
181
194
-

--

.

III

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.S
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

--

_L ....... _ _ ._ ....... _ _ . _ _ _ _ _ _

-

-

-

-

-

-80.0

84.8

97.5
121
150
183
223
271
329
399
479
625
754
910

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

---...

lOBO
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
:n.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

'----

1 A mil is 1/1000 (one thousandth) of an inch.
S The figur ... given are approximate only. since the thickness of the insulation varies with different manufacturers.
I The CUlTent-carrying eapacity at 1000 C.M. per ampere is equal to the circular-mil area (Column 3) divided by 1000.

D.C.C.

_

per
1000 ft.
25° C.

C""""I
Ca"y;ng
Capacity

NeaTest

a/

1500 C.M.

_ ..__

Diam.
'in mm,

British
S.W.G.
No.

3

..

-

10.6
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
1Hl07
14222

.1264
.1593
.2009
.2533
.3195
.4028
.5080
.6405
.8077
1.018
1.284
1.619
2.042
2.575
3.247
4.094
5.H,3
6.510
S.21O
10.35
13.05
16.40
20.76
26.17
33.00
41.62
52.48
66.17
83.44
105.2
132.7
167.3
211.0
266.0
335.0
423.0
533.4
672.6
848.1
1069

55.7
44.1
35.0
27.7
22.0
17.5
13.8
11.0
8.7
6.9
5.5
4.4

3.5
2.7
2.2
1.7
1.3
1.1
.86
.68
.54
.43
.34
.27
.21
.17
.13

.11
.OS4
.067
.053
.042
.033
.026
.021
.017
.013
.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

1
3
4

5
7
8
9
10
11
12
13
14
15
16
17
18
IS
19
20
21
22
23
24
25

26
27
29
30
31
33
34
36
37
38
38-39
39-40
41
42
43
44

~

=
=~

~

=.....

~
~

g.....
--=
===
-~

!!"""Io~
~

~

-~
~
~

~

~
~

=
~
~

~
,

.\

"

'lit
2

n

'~'

3

I

46

H I

4 Ii

46

4F

I

4

~~
F I

f

2

:3

P 1

4 p

"~.

.~'

4 f

I

f

4

'Ie

46

4AD

4AA

'w'
'w'
f

H
I(

ep

4E

40

6,

4 F-

F+ I -

6,

'ri!'

~~.

.~"

6,
F-

4M

4L

4K

=:. 4

F+ I

H 14K
H

4J

4 F~

I

f

"'111' ~ ~ ~ ~ ~
N ~ ,~,
p

JUMP€R

p. 3

F '

4 F

He 3

4

K I

He

,

45

4R

4P

l

K

NC2
· ' He
SIt(Ey 8 K

.

KEV

7 He

8

Ne 3
K

NC

HC

-,

z

,

Ne 3

'-

7 He

8

KEY

Ne

K 2:

NC.- I KEY

• "1 P
8
'
He.

4SA

'ISS

'IV

5M

SAS

SAC

~

G,

G

Ne 3

/(1

G Ne

P 2

4

7K

HI

4W

5H

Ii'

8H

4Z

SA

~

Ii 2

AI

He 1 8 K
KEy

,~

4,

F '

5 F

Ii '

5C

SAG

~

P 2

::

S

KEY

1 Ii

8

NC

KE.y'

8

:rI1' ~
"

F 2

Sl

KEy

8

F

P 3._

F+

2:

Ii(.

SX

8

KEY

NC.

6AS

4 Gz

5 F

58

~.,
" 2

,

5

F-

8K
tl.EV

H

5L
0,

F2

Sl

file

55

KEy

8 r

SU

5T

S

SZ

.:.

3

D

7 K

He Z
F-

63

::

F(;3

KEY

6 (;,

(;.

*
••

P2

7 Ii

18K
KEY
GJ

6AV

7 F,

1-

6AR

6AM

::..

H 2

1

6AU

.:.

P 2

6 (;,

7 H

H

~

G. 3

He

6AL

7 F+

8

F

8 HC

••

KEy

6AB _

7 F

6AF

6 (;,

I

6M

6A

~ ~ ~
6AT

I

'~

6AE

8 Ii

::

f

v,

:rEt

"1 F-

8

f(EY

4!l

) 2

" 2

He I

Ii I

5

~

'~

P 2

I

6,

F 2

:.

,1t.
G,

6,

5Y

(,;:3

z

Ktv

SAK

7 f-

....

'

8 G

5K

,

SR

7 H

K 1

SF

NC

F

5Q

5M

Ii 2

Ft

F.. 2

"1 F

,

n

P3

G Me

NC 2

K

5

5 H

5E

~ ~
~

I

4 K

H I

5 H

POz 3

4 G

5AJ

G.

5D

H Z

••

H I

5AF

G,

*
2

7 H

Ii

.:-

I

6

K

5 6,

Ii

6B

6AX

RECEIVING TUBE DIAGRAMS
Bottom views are shown. Terminal designations on socket8 are a8 follows:
H = Heater
P "" Plate (Anode)
S "" Shell
BP - Bayonet Pin
~'
K = Cathode
Filament
PI = Starter.Anode
TA = Target
G = Grid
NC"" No Connection Pal> = Beam.Forming Plate8
= Gas.Type Tube
RC = Ray-Control Electrode IC = Internal Connection
Unit
U
Alphabetical 8ubscripts D, P, T and HX indicate. respectively, diode unit. pentode unit. triode unit or hexode
unit in multi-unit typeB.

•

M

Pr22

""..

5 PTr

6

I

Ft

f-

p

*~

S Z

5 PI

HI

H

6 H

~
~
~ ~ ~
p

1H

S

I

KEY

8

H

3

65

7 F-

K~y8

5

PI

H

2 .

file

7"

I KEY

8

lAG

K

3

••

•• 3

H2

H

SIKEV

8

7AH

t{

~

·3
F-'

. ::-

HZ

S

NC

7

I

KEY

H

8K

7AC

lAA

4

11:

6Y

6Gr

.. 2

"'3

8

1 H

._

NC I

KEy

6'1

s 18K
6T

K

7 H

I

6 Ne

••

Z '

Pr

RC

6M

6L

6K

""'3
HZ

~
3

2.

S

6J

6R

6G

6F

6E

6D

6C

6BA

P5F

G;7AD

6.'

I'll 2

7 K,

8

H I

P

H

7AM

7AJ

7AQ

IF

7AX

76

'7T

lK

7N

7U

IV

7W

SAE
Bottom views are shown. Terminal designations on sockets are I1S follows:
BP
Bayonet Pin
R "" Heater
P
'" Plate (Anode)
S
Sbell
F - Filament
K = Cathode
PI .= Starter.Anode
TA", Target
G "" Grid
NC - No Connection
PBII' '" Beam.Forming Plates
•
= Gas-Type Tuhe
RC = Ray-Control Electrode
U '" Unit
Alphabetical subscripts D, P, T and nx indicate, respectively, diode unit, pentode unit, triode unit or hcxode
unit in multi-unit types.
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SAG

SAX

86

SP

8H

au

~

G

8V

Po,

K

4
5 p
3..
.. ""

p 2

It

7 K

I

8

It

6W

10A

Bottom views are shown. Terminal designations on sockets are as follows:
BP = Bayonet Pin
H = Heater
. P = Plate (Anode)
S = Shell
F = Filament
K "'" Cathode
PI - Starter-Anode
TA = Target
G = Grid
NC = No Connection
PDr = Beam-Forming Plates
• "" Gas-Type Tube
U <= Unit
RC = Ray.Control Electrode
Alphabetical subscripts D, P, T and HX indicate, respectively, diode unit, pentode unit, triode unit or bexode
unit in multi.unit types.

F_

F-y1j:(r~)

SOCKET CONNECTIONS FOR
ACORN TUBES
Bottom views -looking at short
end.

~

B
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Tube Characteristics and Miscellaneous Data
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A

'B

~G

~
c

C
G.56

G

P~C
~

NC

(; NC

H

1

1

H

cc

~~

rffi\

~

~

E

~
DO

F

r,

~2

~
I

P 2

F 1

L

K

4"'63

~)~ ~G ~

F,;

5 F

EE

~~~~
M
o
p

N

FF

~
~
:; 6'

4

P
p

-r::::I

H 2 1

p

5

1 H

S

C

GG

z

F G F

F

Q

F' S F

F

R

.F

S

F

T

P 2

H

~

P U'

1I

I

6

C

H

HH

P\J2

H·CT

46,

3 62

G, U, 6

2 GU

7

I

H

I 2

H

v

u

NC.

,:

:~.
e

1

S

Y

NC

W

p.~N~

G

H 2

7 H

I'

S

P,

X

P.t

II

~~
~
~,.t

8

Z

C

AA

B8

TRANSMITTING TUBE BASE DIAGRAMS
Bottom views are shown. F dcnotes filament, H heater, C cathode, G grid, S screen (or shell in octal-based
tubes), P plate. G.. G2, Ga, etc., denote grids numbered in order from cathode outward; numeral subscripts
in multi-unit tuhes denote elements common to one unit.
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P

. ..
,

KK

LL

F

F

F

NN

IotM

TRANSMITTING TUllE BASE DIAGRAMS
Bottom views arc shown. F denotes filament, II heater, C cathode, G grid, S screen (or shell in octal.based
tuhcs), P plate. Gl, (;.J, Ga, etc., denote gri(I, numbered in order from catho.le outward; numeral subscripts in
multi~ul1it tuLt'~" denote elements common to one unit.

Relative Electrical Conductivity of Metals
at Ordinary Temperatures
(Based on Copper as 100)
Aluminum (2S: pure)
Aluminum (alloys):
Sol t-annealed .. , .•
Heat·treated .... ,

Bra••.. , .•.........
Cadmium ..•..... ,.
Chromium ........ .
Climax ... , , ...... ,
Cobalt. .... , . , .... .
Conalan tin .. , .... .
Copper ~ard drawn).
Copper (annealed) ..
Everdur .......... .
German Silver (18%)
Gold ....•.........
Iron (pure) .. , ......

ilron (oast) .. , ... .
2-12
IIron (wrought) .... . 11.4
Lead ..... , ...... .
7
30-45 Manganin ........ .
3.1
1.66
Mercury ......... .
28
19
Molybdenum .. , .. . 33.2
Monel .......... ..
55
4
1 .83 Nichrome ........ .
1.45
16.3 Nickel .......... .. 12-16
3.24 Phosphor Bronze .. . 36
89.5 Platinum .•....... 15
100
Silver ........... .. 106
6
Steel ........... ..
3-15
5.3 Tin ............. . 13
65
Tungsten .••...... 28.9
28.2
11.1 Zinc ....... ,'
59

Current Capacity of Power

Wirin~

The National Board of Fire Underwriters
has established the following as maximum current densities for commonly-used sizes of copper wire in electrical powcr circuits:

4&-5°i

I

Approximate relations:
An increase of 1 in A.W.G. or B. & S. wire size increases
resistance 25%.
An inereaae of 2 iner"""es rutance 60%.
An increase of 3 increaaes reeilltance 100%.
An inereaae of 10 Increases resistance 10 times.

Amp.".""

No.
B • .t S.

GaU{lO

Cirtular
Mil Area

Rubber
Insulation

100

83690
66370
41740
26250
16510
10380
6530
4101
2583
1624

1
2
4
6
8
10
12
14
16
18

90
70
50
35
25
20
15
6
3

Other

Insumtion
150
125
90
70
50
30
25
20
10
6

c

A

H

E

KEY

I

J

K

l

SOCKET CONNECTIONS FOR CATHODE·RAY TUBES
H denotes heater, C cathode, G grid, A anode, D deflecting plate, COLL collector. Inner rings of hase diagram
indicate socket connections; connections on outer ring indicate bulh cap.type terminals. Views arc from hottoms
of tubes.

TABLE I - METAL RECEIVING TUBES
Characteristics given in this table apply, to all tubes having type numbers shown, induding metal tubes, glass tubes with "G" suffiX, and bantam tubes with "GT" suffix.
For 'G" and "GTn tubes not listed (not having metal counterparts), see Tables II, VII, VIII and X.
Type

Socket
IC?nnec.
!lOB. I

Name

Fl!.

0' He••er

Volt. Amp..

---=;=====r==-=;====;===r==
PI.te.
Supply
~"d
Volis
,a.

Use

:~:7-1~:;'e~~~i~nC:;:'·~eniOd"- -:~ ~
1853
-6AC7- Tele.ision Amp. Penlod.
1852 '
6AG7
688

~

.,

- ~

300-

Hit:

-Triode Detector, Ampli9er

6FS

_I:Iish-PTrjOdii-------

6F6

1
I"enlode Power AmpliAer
,

0.7

Til Grid Delecto
r ~::;pIiAer
r,

7R

-ITriPle.Grld Variable."
ArnpilBe,
!!ic>de Hexod.!.~_

7R

- ~:::HIt
•

___ 1__
6K8

i::

11 ::;

~ ~-~I---~r.n.con.
Oh::" Micromho.
ductance

I~~~;

~o-.-d

1
Power
Resistance Oulput
Ohm.
Watts
II'

Cf.-...A_'hlode~_

.. _
Push·Pull (I...·AB Amp,
Penlod. Conoedion
fried. Connection'

I

-750000- -

9000

6750

--

315

375
350

-26
-38 __

250
--

-11- 8.0_~~

-==-

2.5 •
--

17 •
22.5'

Powe, oulpul Fe, 2 tube. 01
.tal.d load, "Iot...le.pl.te

i

~~~~

Beam Power AmpliRer

10000
6000

19
18

1

i

==-I-==-

-===

··I---6.•

I

I

6L1

'd

IPeotagfl

I'
Mlx.r Amp ine,

11T

..

I

Hir.

I

16F6

R,F, AmpliAer
250
- 3.0
100
0.5
2.0
exceed.
1225
exceed.
--___ ____
_ _ _-_
_ ____ ,~______ . 1.5 m.~ _
_ ~'I_-----i 611
Bia. Dele~o-'---~- ~ ~ _Calhode current 0.43 ~' ___
0.5 meg.
0.3
R.F. Amph9er
250
125
2.6
1 10. 5
600000
1650
990
--6K7
---1"00 --==--i-=:=' __
1II0'or -peak vOlts=7.0---!
Mixer
.~ ~_ ~.• ~.• _ _~ 250' - 3
100
6
2.5 . ----·TrIOde »lIte (No.2) 100 volls,~m_"_.____ , ~
Sinllle·Tube
250
-14.0
250
5.0'
72'
22500
6000
\ 135' 2500
6.5
CI .... A,' Amp.
375
9.0
125
0.1'
24'
14000
4.2
Fixed Bias
315
-17.5
250
2.5 •
51 •
4000
11.5
Sibille-Tub.
25() ~ 250 - ---s::f4. ~ - 6:5
a •••·A,· Amp.
300
-11.8
200
3.0' 151'
4500
6.5
Sell Bias
375
- 9.0
125
0.1 '
24'
14000
4.0
0.9 IPu~~;~IIBe;'
----, -2-50- ---1-6-1-2-50- --1-0-'--1-12-0-'~
--5-000-- -1-4-.S6L6
6.3
Self BI..
~~~ _1_0_'_ ~
Pow.r Output for 2 lubes.
~~
102
Push·Pull AB.'
400
- 25
300
6•
1
Load pl.I,,·lo·plate
6600
34
•
Fixed Bio.
400
-20
250
4'
88'
8500
26.5
Pu.h.Pull AB;6--- '~ -23'51300-~~
~3i'
SeIl.Bias
400
-19.0
250
4.6'
96'
8500
2
~~~--6-'- ~
Push-Pull AB"
Fixed Bia.
400
20
250
.. •
1 88 •
I
6000
40
1---/R.F.AmPlilies
~---=-3.()~·--5.-5-~ 800000
1100
1 __
--==---==--1-6L7
6.3 _.~l.er
~ ---=-6.O1~ --8-.3-over 1 meg. -oKiilotos.ssid ~~3) Yoltage= -lS::O-

I

HIt.

--

~;:e~;;Amp~· 250_~'x, •.•. volt.se pe~_Plla~=1°10,.m';:O;X:IOU'P~~rrenI41·0 m;O d"c_·_ _ _ _ _ _ ~~6
~~

7AC

~

~:~5

\1

---mo

6L6

1852
6AG7

-==- -;;-

I..~~~~ .--~&'~-I . _i.~O:I

I

1853

6A(''7-

--

_I_

::::~.o

:~:7

I

--I

!!~

Type

--I- A~6;-tdl (N05;&;50 'I~I~~~X' thr._20_,00~.e_-h_m_.

150' -2.5 --'1'-10~-

'

I

I

6K7

-2:0

I

75

I
~6 -1~:~~~~O~mplilierTriO~• . _ -~g
611

=i:~-I-~~~ ,-

PI.te P
Currenl a~~:
M..
'

0.65 CI •••·A,Ampllr",r lO
~---=-2.0-~--8.-5~ 33100000
7700
63 --;;- I~.ntod.. R!. Amplif!er
250 1 - 3.0
125 2.3
iI.\)
_6_SOODO - -_ 11_ 25 ---_I f30 - _~
.
.
Pented. A.F. AmpliRer
250
- 4.5,
50
0.65
-----~ --;;;- -0-3- CI...·A AmpIiR.r-- 250
8.0 _
8.0 - -1Ol)OO -=-~.oOO - ---W-i~
.
.
.
Bi•• Detector
250
-17.0
--Plato cu"enl adjusted to 0.2 m•. wilh no .ignal
-6-:3 0.3 - ~~.A AmpUfler_ _ _ _ ~5D _ - 1.3
-0.2 -1'_~6000 _1___
1500-1100 I_ ~I
CI ...·A Penlade
250
-16.5
250
6.S
- 34
80000
2500
200 I 7000
3.0
Hit
.

6(5

~::.n

Scr..n
CurreBt
Ma.

I-

---u-

I

38Ol)"16

TABLE I-METAL RECEIVING TUBES-Continued
Socket
Fil. or Heeter
Conn.Co Cethod.
lion. 1
Volts Amps.

Hem.

Type

B:~

Scr_

Scr_
Volts

'1'

°

Twin Triode AmpliA.r

---SO-I

Current
Me.

--===-

Plate PI
R
Curr.nt .':: ~:!M..
'

r-:p.

Transconductanc.
Micromhos· or

.t

--.---~

===

I

--==------u--

"'--.:u.:-'

u

,___

.==--. -==-

I

P.nIo9'ld~AmpIiRer

Q

G d

Load
Power
Rulalonce Output
Oh....
Witts

'-aooo

Type

-U- ~ Hli:-- -6:3 - 0.8 CI...·B AmpUl.,
250 - - 0 - -~
Pow., outpul Is lor on. lube
----.:0- 6Fi7
300
stated load, plate·lo.pl.te
10000
1 0.0
Dupl.x.DlodeTriode
7V
~6:3~TriodeAmpIiAer
250
- 3
- - - - - - - 1.1
58000
1200
70
607
Dup18":Dlo.deTrlod!_ _ _ ...2L---Hlr.- !>-!. 0.3
TrlodeAmpU8es----~ - 9
9.5
8500
1900
16
10000
0.28 ~
Triple-Grid Variable·"
7R
Hlr.
6.3
0.15 CIa,,·A Amplifies
250
- 3
100
2.0
8.5
1000000
1750
i 1750
-- - 657
PenlogrldCollvert.r
8"ifil'~6:3 0.3
OK.·Mixes
250 --0-'---:;00-----.;0- 3.4
800000
Grid Ho.l R..istor2ooo00hms
65A7
r-;ill_T.ioCi;)'mplili';-- 8S' "::--Htr. '6.3
0.3
aa.s:A~Ii&er
250 --2----===~_ 53000 _~_I~!------~
High·!' Triode
6AB
HI!.
6.3
0.3
CI...·A AmpliRer
250
2
0.9.
66000
1500
100
65F5
r,lple-GrldAmpIiRe'
~---Hlr. 6:3 0.3
CI••••AAmpllll,;~-···-~--3---:;OO-----o:a-- 3
'1500000
1650
i 2500
6517
Triple:Giid Variebl.:-!'-- - ~
6.3 ---0:3- Cf....A AmpliRe. - . - - "i5i)-'~ --:;009.2
800000
2000- 1600
651<7
Duplex.DIOde-Triode" - HIr.
6.3- _ 0.3_ a;;;::AAmi)iiii;i--..250' _ - 2
~~
91000 ___
_,100
__
6507
Duplex:Dlode Trl,,~_ ~_ Htr. __ ...!:!.. ~ c:1",,:A Ampli~ __. ~. ~ _ _ _ -==-_~~.
~
'_6_
65RDuplex.Di"d-,,_Triode ___ ~ Hlr. __ ~ ~ CI•••:A Ampli/l~._ _ _ ~ -----=-2_
~
62000 _ _
1050 __ ~
~
,
CI...·A Amplile.
250
-·12.5
250
4.5/6.5 46
52000
4100
218
5000 I 4.25
6V6 BeamPow.rAmplilles
7AC
Htr.
6.3
0.45 CI... ~AB,Amp;,8.r2Tubes~' -15'-:,,250
5/n _,,75
---.
.~~-=
10000
6V6
300
-20
300
5/1].5
85
8000
1 3.0
1612
.. ,._._\__ 7T _ ..Hlr.
0,_3. _ C:la..
250
5..3
800000
880
1612
7R
HI!.
6.]
0.3
Class·A Amplifier
Char.clerislic••am. IS 6J7
1620
1620 Tripl.·Grid Det••Amp.
- - - - . - - -.. ----~ ~-- - - - --.CI ...·A, Penlode P. P.
300 1-::" 30-- I' 300 I 6.5'/13 I 38'169 ...~-- - I 4000 /.- 5.0 - - 1621 Pow.e,' Ampli.R,er P.ntod.e
,7S
Htr.
6.3
0.7
------ -'-"- - ..- - - ~-- -,..-,-,'--.- - - - - ' , . -......- - -~
- - - - 1621
CI....ATrlod.'P.P.
327.5 -27.5', - - - '55'/59
-5000
2.0
1622 S.-.m-PowesAinplifie.--:-- 7AC
HIT. ,6.3
0,9
Clas..A·AinpIiRe.------::.::: 300. -2(j'--250 1-4'/10.5 jj66/1.~~i .. _____________ I 4000
10
1622
1851 TelevisionAmp.Pentod.
17R
i ...Htr. 6.3 0.45 CIa...AAmp1l8er
300 i
2,1150'1
2.5
1,0
750000
9000
6750 I - - 1-- 1851
..._ - - . _ - - - _ . . .
- - -. ' - - - , Zero ,ignal currents per tube.
t s.. Receiving Tube Diagram •.
• G.ld bias - 2 volt. if .....r.l. oscillator .xcltation i, u.ed.
'Sub.criptl indical•• no 9.ld-currenl low.
• f.om fixed screen .upply. If .erle. re,i.lo. '.om pl.te ,upply is
'Cathode re.isto. 500 ohms.
Subscript 2 indicate. grid.currenl Row over ...rI of inpul Cycle.
10 Typical operation for 4-Mc. bandwidth vld.o voltage ampll8es;
u,.d, value lor 6AB7/1853 i. 30,000 ohm" lor6AC7/1852
, Z..o .... 'nal cu".nb, two lube•.
and 1851 60,000 ohm,. Serie. ,•• i.lor giv .. varieble·" cha.·
70 .olb outpul with 4 volts Inpul.
, Calhod. bias .esl.lo•• hould be adjusted lor plate cunenl 01 1 0
l! For 6SA7GT, use Bo.. Dlas.am 8AD.
ette,lstlc/ fixed screen .upply give •• herp cul·olf.
m•. ; minimum valu. 160 ohm •.
• Sc'een Ilea 10 plate.
6H7

6076R7
6S7
65A7
6SC7
6SF5
65J7
651<7
6507
65R7
6T7

~

Plate
Supply
Volts

U..

~:6:3

~A"!PIiJe;·'-

--=--r-(100':':-~6.S I

1

I,--===---==-- --

ltI?9

~

---I

Sockel
FII. or Heele,
Conn.c· Cethod. I
lion. 1
Volb Amps.
---- - - - - - -_.,.-

6A5G I'T'IOd. Powe, AIIIP1l8e.

6T

Htr.

6.3

1.0

6AB6G,Di,ett·Coupled AmpUlie.

7W

HI,.

6.3

0.5

-6A-C-5G-IHISh." Power Amplille.
T'iode

~IDirect-Coupl.:AmpIiR"_

-6-0-- --H-I,-.-

-6.3

!

U.e

Plete I
Supply'
Volts

Gr'd
BI!.

1==0~.-4~-.I~~~~~~~]~~=I=1i~t:::::::;=

7_W_----'--_H_I'_.-'-_6_.3--'_1_._1--'_ _ _ _ _ _ _ _ _ _"-_ _"-___ - '

Screen
Currenl
Me.

Sc,....
VoU.

PI.I. PI.te
Cu.rent ane.,
Me.
60

----------eo;-'

thode Resistor ~
---r.;.ui--rS--Oulput
~

=-1-·

-

i

---.~

-

i~put

Oulpul

-

32
7
45

,

---_._--_._--

--===---==-

__ -==-,-===-==-J-===1-.8.5

-. -.

-~

TABLE 11-6.3-VOLT GLASS TUBES WITH OCTAL BASES

Heme

"

__

(fo, UGH and "Gin -Type Tube. Hoi Listed Hese, S.e Equlv.lent Typ. in Tabl. I; Ch.r.cterlstic. end ConnectIon. Will Be Id.ntlcal)
Typ.

--===---==-

--===-1 "

TABLE 11-6.3-VOLT GLASS TUBES WITH OCTAL BASES-Continued
Ty.....

I

Fil.

Of

Heat...

Use

Powe, I
Output i Type

W~ll$j6A05G

~~~~~~~~~~'~~~~~~~~:'·'~~~~~~~~~--;-,,-.---··'I!~~
3.2

6AE5~ ~Ampjifie,

6AE6G Conttol Tube

6AE7GT Double Triode'

:~;!~II~i~c:.::;:i~:~

'tAX ~b.

-~~: ~::

6.3

'j't;

6Af7GTwin Electro. Ray
8AG~~"Hif:-~ 6.3"
6AG6G Power Am~irner Pe..locr.;-· -,s--- ~ i '6:3'
6AL6G &.a,;;p.;;;,erAIiii:)fffte~
6AM --Hir:--l·6.3-J":·~'''''';;::-:::-'i-'.·=·~';;:'::c.·"
684G
friod. Power Amplifier
5S- FiT.-, 6.3
6B6G Dupl"".Oiode Higb.,,·Triode -·iV~·- Htr~" "~6~3'

- - --- -"

6C8G
~
... 608G

~---l---

Twin Triode

8G

Htr.

6C8G

Pent.!II'id C",,""'"

608G

6E8G- frl~~i6F8G --,Twin Triode
6G6G

Period. Po_ AMplifier

6H4GT i5iQd;R"ctiller
---6H8G o..o-Olod. Hi.;PeiiiOde~
6J8G Triode Heptod.
6kSG

High." Triode

6K6G

P••lode P _ Amplill.

6.3

6L5G

Triode Amplifier

6M6G' p;;v;f",;;pllll.ipentode
6M1G Trlpt....GridAlllplllier~--.,._- ' - - . - - ,.~
6M8GT 'Ok>de Tllede Pentode
6N6G 'Direct-Coupled Arepliller

6P5G

friod.~AmPija.

6P1G Triode-Pantod.
6PsG"' r~HUOd.

6K5G

6K6G
6.3

0.15 Oen.A A",pUllar

6.3 . ~ a_A AmpUllar
AmPiiIie:=r=----I·-;,:~·+--·~~-··I
. - - - - - Triode Ampljfier
0.6 Pentode Amplifier

6:3 --0:3~- R: f.

0.8 PoW;;'Amplilier
~ 0.3 CI .....A AmplIR...
--o:3-,CI";-": AmPlIIler---

Coav.....o.a-lo;c::MiX'"

6M8GT

- - - 6N6G
6P5G
6P7G

6PsG"'

TABLE II - 6.3-VOLT GLASS TUBES WITH OCTAL BASES - (onfinuec:l
,..~~-U..
.

PI.~--I;~I-~r..n" Screen I Plale I PI.le Re.isl.
Supply
BI..
Volts
Currenl Currenl I.nce Ohm.
Volli
M..
M..
'
__o.'1!..ICI.~'A Amplifier --- -~- --250
3.0'
-_ -1.2 '-_"
0.3 CI....AAmpIiAer.
'.2.5.0"_:::.1.0 __ ~_,1_,!....,,.__ 1~===--.•
_~_1_25~,~~~ _,_1_3__ 350000

N...e

Type

i

6Q6G Dlode::TilOd;
6R6G 'IPentode AmpIlRer,~_ __
6S6GT Tr!ple.Gr~d_'v'.r!.bl ..."

'---'0.45 R.F.

,_..

,"' ~-- ~·"~·"··"---I

rripl ... Grid Del. Amp.
=-IEledron':ReY Tube
6Y6G Beam Power Amplifier
6Y7G Twin Triode Amplifier

Hlr.

7AC1R
7AL 7AC
8B

6Z7G .Twin Triode A .. pUSer

8B

i2i3"lpent<;deA';;Plilier . , .., 1231
Pentod. AmPlifte.
~ 7000
Low-Noi.e AmpliH.r
--~-----.

__~,.3 ..

7V

II

~:~l*:~~-=:~~.

-0:15 CI...~A

6.3

0.3

6.3
6.3
6.3

0.3 CI ••• ·A Ampljli;'~r- - ~ - 0.45 CI ...·A AmpliOer
300
0.3 CI.... A AmpliRer

7R

HI!.
Hir.

.

------~-~

1'

I

Name

Triode Ampliller '., ._ _ -5-AC . ,_I::!Ir.
Twin Diode
RemoleCut.olfPenlode

~:4B~~V~fter

~.'
..1!l> _ lJ>.entOde_~mpli&er,

7·AJ
S·V
.__ •

--==--=-__ -l:~ ;\1~:~ "f~!r:~- --!f:- -37so ,-- II'==I:~;
~OO-- ----==--I~-

3,0 "56
.' .,20000_
Ch.rocierlstl•••• me.s Type 606
Ch.racteristics .. me .s Tvpe 85

I----==--I--==I

2.5'1

j

____S:S_16U.6GT
,6U7G
16V7G

'f.ble III
T.ble III

'Per plate.
• PI.le No.1, remote cUl-olf.

-----

--Hii:-I~

150

I

I 3850-i - -

'PI.te No.2, .h.rp cul·olf.
• Through 200-ohm cathode resistor.

7
8

Screen
Volt>

!~".

=+-

PI.le 1
Cu ..enl
Mo.

PI.te
Re.i.tance,
Ohm.

-'-==-- __ ~ ___,__
100_ .. 3.1

----

---

- - - ,-

Sc.een 1
Currenl
Mo.

T.an.·
conduct·
.nce
Micromho.

Amp.
Fecior

_2~!~

AmpllR... _ _ _250 1_ 8
,}700
125
- 9
B!5
3.2/8
37.5/40
17000
6100
-0.16 Rec1lO".
.
Max. A.C. volls per pl.te 150. Max. Oulpul currenl .10 m..
0.32 'R.F.AmpIiRer
'---~I -3---100 ·1-2:0'-I~-S.6--800000!2000--li600 I

::~C,~::: _ ~:L -!:irIZ::;:~ltmpllfi~.= };~_

I

1

11i2i3"
"":'::-,!_2.3117000

Common plate.
Metal-sprayed ,lass envelope.

:,,----..

--rJ)-- ..,1),32 Ci.... A
7.0

I----==--I

__

TABLE 11/- 7-VOLT LOKT AL-BASE TUBES

~_~7.c>..~_Lc::!.... AAmpIiRer

Htr.

I

Char.cteri,llcs s.me •• 6C6- Table IV
1_2~10 1 700000--'
5500
Ch.racterlstic••eme •• Type 6J7 T.ble I

'-

Socket
He.te,
PI.te
Connec· Calhode,
Use
Supply I G,ld
tlon.
----~.Volt.
Bi..
Volts A m p . . '

~Bea_mPow.rAmpIiHer6.Ar,

7A6
7A7

!.s-!E

I

-'--,----~~

Reier to Receiving Tube Di.gram •. No connection 10 Pin No.1.
• N_lsnal v.lue lor 2 lube•.

7A4

:=

l-=-f4-135

I

I~

1

Type

1- 200_

Amp.
!.:o.d I Power
F.clor ReSIStance Output I Type
Ohms
W.tIi I
" 65 ---~I
6g6G
~-==-6R6G
---==-6S6GT

Htr . ., 6;3 ~ ClasS.A
.. Amplifier
,135..
9:5 1135
_ .i~.I' 61 . i ___',:--_1_, ~O()
I~.215 _I ' 2000 _1- 3,3_.6W6GT
Htr.
6.3
0.15 CI•••·A Ampillier
250
3.0
100 I 2
0.5 1 1500000 I
1225
1850
'6W7G
Hir. "'~,~_ O-:-3lndicalor Tu.,.;------ i50~ -,,--'---. 0 v. lor 300·, 2 m•. ,,::sv.-FO"'OO.,. 0 m,.' -.vane--srid 13h:'
". 1,6)(6GHlr.
6.3
1.25 CI...·A Amplilier
135
13.5 I 135 I 3
I 60
I
I
7000
I
I 2000 I 3.6 .6Y6G
HIr.'-- 6.3
0.3 CI ...·B Ampliner
-- ,______
--Ch.racleristlc. Hme•• Type 79.. _ T.ble IV _ _ _-_'~ -~~1~6Y7G
180
0
I 8.4"
,
I 12000
4.2
Htr.
6.3
0.3 CI••••B AmpliRer
~ --0-6-,-1
~ -T.S 6Z7G

7R

SV-I

AmpliHer
R.F. Ampliner
Delector.Amplifier

Tran.con·
d.uclan..
M,cromho.
1050 __
1450
4000

I

tt

1_~.2/.33

Load
Power
Resistancel Output
Ohm. I Wall.

Type

i

. _I' _____I 7A
2700

1.9
.

~

"--'--=-=-\7A7
I 7A6

!~ggg _ 15~n~~~v~X";~8

1~3.4"I~

000
.. _23()Cl.... 1._.-:-:'''''1.760.•0.
__
.. _,6-A.E.. '_ HI.' ..
1).43 .. Q...-A A.. mpIiOer
.', 250. . 1_..-::18_, 250.\"",,5.. 5/.. 10
.. _61i
Qrlo.diode Triad..
"_ ..!:..V>I
__HIr.__ ~ ~~
.ICI....A Am""~'_'1_250-'-=-!...
_--_~'_,,1.0_
~OO~_
....!!,OO_~. .=:-:
~
7B7 Remot"Cut.oIfPenlod.
B-V
HI
•.
7.0
0,16
R.F.AmpIiAer
250
3!
100
2.0
8.5
700060
1700
11200
7B7
- - - - - ,----.,---,-.. - - - - - - - - - - - - - - - - - - - . - - - - " , - - - -------'1----~8JI'.ntagrid Converter
B-X,_ ..J::I,tr. ___'\0 __ ~ Ofc.' Mix..
._; 250_, -::-.!.. _!.o.c>... . 2..7 ____ 3.5___ ....!l>000_~
Ano",e.grid 250 vol_Ii max.'
..'7B..!'_
_ _ _ '_(o':A. A ..
..
.250
... 250 1.4.5/7- 45/47 __ 5.20,00
4100
7C6 Duo-dIode Tllode
S-W
Htr.
7.0
0.16 IClass· A Amplifier
250
1
--1.3
100000
1000
100
7C6
7C7 -IFie"lode Ampliller_ _
S:V~-i---.:iir. -- --7jj' --0:16" R.F. Ampllfi~ _____ ~1~-3- '100 ~. '2:0""'2 m-;g:- -. 1300 '
-==-7C'1 .
-~-

---~----

~7Q..'ITelrod.~'."mp~ifie-'-

~~-

--==-

--------------~

,_~.r ~'...il".4!..4::I"ss.A,Ampl\~'I·
I

.::_~_

--!_.==--,
.1-==-1_5000_1_4.51~
I -- -- I

----==-- --==-

TABLE 111- 7. VOLT LOKT AL·BASE TUBES - Continued
Type

Sock;t--r-H"'~;-;~-connec'ICathode
'.
tions
Volts I Amps.

Name

~~.:. I*.~,:!. t;;~.d;.'t~:~e.O.•.v"'~I

I
Use

Type

~:;.: ,.=~:~ ~-~.-·.'.~·.~.-lg:;:~~-pl-iA-e-r'---'.= ~.~

..:.A.wR.
7Ei-'louo.diode Penlocle----8·W-Hir:- -7:0 0.32"" CTass·A AmpiiAer
7f7 _ Twin Tiiode
B.AC .. .!:IIr. __.1 7:0~ _().3.2":: g.;ss:AAmpjliler'

___=== _

;~72

PI~te

Supply
Volts
.;.. ..
-250
. 25.0.. -~-I~'--

Triple-Grid AmpliAer
8V
Htr± 7.0
0.48 Cl....-A AmpliRer
250
-7-H-7-1~-r-iP-Ie-Gi~ Semi-Voriob-)e-:I'...- ~-.-8~-V-_.-~ .-H-tr-.- --7~ _-0..-.3-2- ~m-!'.-I-IA-_er- ---_-I~--=-=;_::-.I----'::=7J7 I'TrIOde-HeXOd. Converter
8 AR
Htr.
7'0', 0.32 Osc.·Mixer
7L'-Tripl"::(;jrld AmPlifoe_r___ 1 BV
Ht'.
7.0
0.32 Clo.,·A AmpiiQ.-r--7N7 Twin Triode
B-AC
Ht..
7.0
0.6
Cla ..-A Ampli8e.'
7Q7 Penloarid Converter
-e:-AL ~ ~ 0.32 ~ Osc .• Mixer
-I-~:--I--,:--+--.-~~+-;;;--+---:~-,-,,-"."--,--:-~, ~"';;'=7-:-~--::-~,,-:-::-~;;:;.=;;;-.-----I-=C;;___
____
__ _
,__
I
_ _ _. _
1

-.:1,,:-

1 Values

~

* Maximum .atlng, corresponding to 130-yoltline condition; normal .atins i. 6.3 v. for 117-v. line.
to left of diagonal lines are For "no·,isnal" condilion; value. to risht are "with 'isnal."
, Applied through 20000-ohm dropping resistor.

----1------Type
Name

TABLE IV-6.3-VOLT GLASS RECEIVING TUBES

---1--

___

1
6A3 ,Triode Power AmpliGer

--- -1---

Tsocket [---',"flt or He;;;;;;-B.se· 1 C?nnec- Cathode
Use
I_~~
Volt. Amps.
Ciass-A Amplifier
1 4-pin M.
40
fil. 1 6.3
1.0 Push-Pull AmpliAer

I____

·
I
6A~_:"PentodePowerAmpliAer
5-pinM'1 5B_
I
6A6 'Twin Triode Ampliller
17-Pln M.
7B .
Hlr
..
6A 7 IP"Atasrid Con verier
7·pin S. i- 7C
Htr. -i~--

i.

6AB5 'Electron-Roy Tube

[I 6'pin S.
6R
HI,.
6-PlnM'I 6D --HI',
121_'"_e_'_ _ _ _ _ _ _ 1 _ _ ,___

6.3

~IOlrect-CouDI.dPowerAm6B7

10 up Iex- o·10"
d

Pentode

~~~ -1.~~:,,::G~i!,~t~~~:
606

1 7- pIn
.

5.

I!

70

I~~ffi-~i ~~

6.3

--;;:;:---1G
Supply
Bf...

.CI ••s_B Ampli"er

Id

Sc

Iscre~~-I-"Plote

.C. u..ent Current

~:: ~~:!.

I

--aooo-.

I
i

-250- ::: 3.0 - -'100"
. 3.5 ---360000 1 -Anode g,id (No. 2)"2"00 .011".-",'-;:-- 'I" 6A 7
Indi~.to, Tube
1
135
0
•
0.5
To,get cu,renl 4.5 m.,
. 6AB5
9 ...-AAm plifier ---- 300- 0
6."_ 45_
241000 Ii
2400
I 58... I·~'I'_
4.o._~
Push-Pull AmpliAer
__ ~,~. _ _ _ ~~
-100~o...~ _ __

-==1.

~
250 -- 3.0
4.5 ~1_2~1~"_
50
-0.65
~i~;;~~!::1-6e-r-- !~~--!:~ ~. _100_ . _0_.5_.. !:~

Pentode
Pentod" R.F.
A.-f.Amplifier
Ampli6er

-

I

TronsconA
load I Power
dudance
Fa:::~;' Resi.tancel Outpul Type
~_~.--- _____ 1 ~~~
,
.. Micromhos _._ _ Ohms
W.tts
-- - ' 60
800
5250
4.2
2500. 3.5
250 I' - 45
300--- . ~ Fixed BI.. ~ - Power outpul for 2 lube.
I--15-- 6A3
300 Nole 10
Self Bio.
40
lo.d plale-to·pl.le
5000
10
1180-:::-12.0 _!80._ 3.9-~~ 1 2200
1 ~I 8000'- ___I:'406A4
250.
0...
_._._
__
Power. OUIp
.. u. tisplate-Io-plate
fo.r .o.ne tub.. ototal"d. 10000
80.. 0..0 , 10.0
.8.0
6A6
300 '
0
load,

..;~it:

_-==-_1 ___

650000
__

1125
__

i

1.5 meg. __

.

'.'.-==-1- ~

1·2!0
__.

J!!~ ···I~ll;:

1

__

_._ •...

__

6B7

,~ _ _.

-=- 1-:- -

TriPle-G!id. V.rloble-!,
6-pl." S. "-;-. Htr.
6.3
0.3 R:~: ~
250
3.0
100
2.0 ·-1' 8£--,- 8000001600
;128-O'.!606
. AmphHe,
Mlxe,
250 -10.0
100
---Oscillator pe.k yolls-7.0
Trjple-(i,lij' Amr>,. _ _ _ iT-Pi" $;- -7W- I_.':-Ib.
6.3 .. 0.3_ a;.s-A-Amplifier
~. 3~0 __100 _ 0.5-1_2.0 .
~11280 ,---- --=:---1- . ___-_-1 607
~ectron-Ray Tube
_6:pin S. ~I_~
f!:.!._~___ Indica!.." Tub.!. ____ ~ __0 _ _ _ ._1___
0.25
T.rgel Currenl 4 ma.
~
~-"od...~mpli~ 7-pin M. ,----'!!!...I~: __ ~ _~ CI..... A Amplifier
_ 250_-.-~.....!'!!l>1~.____ }500 117'1.0
6.0
140~.6 __ '~6~
Triple-Grid V.,iabl,,-!,
7·pin 5',' 7H I· Hlr.
6.3
0.3 R.F. Amplifier
Ch.roc1eristics same as 6U7G-Table II
6E7
.-----------------,friOd~n._piTIi;;_ 100 1- 3.0
3.5 i
16000--1--SOO-I--S I - - 1.. - - - - ITrlode p.e.nlode
7.pln S.
7E
Htr.. 6.3
0.3 I~enlode Unit AmpliRer
250 1::=_3.0
100_" 1.5--·- 6.5
0
1100
6F7
__ ____
I
_. _____
. Penlode_U~UMixer..
1 250 _.-10.0
100
0.6
2.8
_ _ Oscill.lorpeokvoll,=7.0
1 -- 1
1

.•

..e; '..- -

-==-___

_

6F7

, Each triode.

1---1--1

1

IS5oiiil"
.

!_-===--..

--900-==---1,

TABLE IV-6.3·VOLT GLASS RECEIVING TUBES-Confinued
-_._._
Type
6G5/
6U5
6HS
61'15
615

:

Nlma

80.. '

Electron-Ray Tube

6-plo S.

Electron-Rav Tube
Eleclron-RavTube
Eleclron-Rav Tube
~ Tetrade R.F. Ampli&er
37
Triode Detector Ampillier
38
Pentode Pow.r Amplifier
39
Voriable." R.F. Amplilier
44
Pentade
41
Pentad. Power AmpliAer
~ Penlad. Power AmpliOer
75
Duplex.Dlode Trlod~ ___
•
.
~ Tllode Delector Amplifier
77
Triple-Grid Delector
78
Trlple.GrldV.. loble-"
.
d
0
79
TwlftTrlo eAmpliner

6-plo S.
6-pioS.
6-pin S.
5-pln S.
5'pin S.
5.pln S.
5·pin S.

~_ !>upl.x.Dlod.. Triode

85AS Duplex-DlodaTrlode

Fil. or Heater
Soekel
Connec- C.lhode
lion. '
Volls Amps.

U,e

~ ~ 63

0.3

Indicator Tube

~~~

0.3

Indicator Tube

___ _ _ __

I

~I

--~~

...............- . - -

G dis
Bf!.
~:r.:

ICurtenl
Screen

1M..

Cut-olf Grid BI.. =22 v. -

.................

__ .-

._----_._-_ _ .... ...

PI.le
R
II Tr.nleon-I
1 Load
Power
Curtenl Plale o"~lsl- ducl.nce
~~P. Reslslanee Oulpull Type
M.. Ince,
m, Mleromho.
ae or
Ohm.
Witts
0.24

Tarset Curtenl4 ma.

s..me characterislics .s Tvpe 6G5 Circul.r PaHern
Cut-olfGrldBI..
120.
0.5 I_
TargeICurte.12m..
6R
HII'.
6.3
0.3 Indicalar Tube
250 Cul-olf Grid Bla. = -12 v. 0:24
T~rget Cunent 4 m..
5E
HIr._: 6.3 __ ~ I!!. Amplifter
250 - 3.0 ~ ~ -- 3.2- -- 550000
1080 _1~5 ---=:.,-I--=:5A
Hir.
6.3
0.3 CI...·A Amplifier
250 -18.0
--7.5.1
8400
1100
9.2
--_ 5F
Hit. __ 6.3
0.3 CI...·A AmpUlier
2-50 -25.0 -25~ - 3.8
22.0
100000 -- 1200
1-120
10000
- 2.50
SF
Htr.
6.3
0.3 Screen-Grid R.F.
90 - 3.0
90
1.6
5.6
375000
960
360
Amplift.r
250
min.
90
1.4
5.8
1000000
1050
1050
--6-pin S.
6B
Hlr.
6.3
0.4 CI •••·A AmpliRer
250 -18.0 ~311.0
68000
2200
150 - -u;oo- ~
6-pin M.
6B
Hlr. -6:3
0.7 CI ...·A Ampliller
250 -16.5 -250
34.0
100000
2200
- 220 700() ~
6-pln S. ~I~ 6.3
0.3 Triad. Amplifier
250 - 1.35
o.!_ ~~ 1100 __ ~_I
,
CI ....A Amplifier
250 -13.5
-5.0
9500
1450
13.8
__ I--==:;:5-Pln S.
5A
Hlr.
6._3 +_~., BI •• Deieclor _____ -- 250- 20.0
Plate currenl to be adju.led 10 0.2 mo. wllh nO .ignal
6-pin S.
6F
Htr.
6.'
0.3 R.F. Amplifier
250 - 3.0
100
0.5
2.3 11500000
1250
11500
6-pIIlS.-6F
Hlr.
6.3
0.3 R.F.Amplifier
250 - 3.0-~1:'7--7.0-- 800000-1 1450 -~
6 i S
6H
Hb
63
06 CI
BAll o
180
0
Power oulput Is 'or one tube
7000
5.5
-pn. _ _ _ _ _
":..... . __. _ a.smp net
250 __O _ - = - I - = Itstatedload,pl.t.:lo-plote
14000 ~
~_-,:!lr,__ ~~I.dl,,~lorTube--- _ 180

I

---s:s--u-

---===--==-

~~n S. ~ __ ~I~ ~_ CI....:.~ Ampl!fier
6-ploS.

~~I~

Refer 10 Receiving Tube Dlagr.m ••
SuPPfeslor grid, connected 10 calhode in.lde tube, nol.hown on
base dlagr.m.
S Also known as Type LA.

0.3

~M.... -20.0

------

~_I-- 75_~1~ 1_ ~I

~_~~~~

-

I

250
250
180

-31.0
-25.0
0

100

i - 2.5!

, S. - small; M. - medium.
• Current 10 inpul pl.le (P,).
• Grids No •. 2 and , connected 10 plole.
'-Grid No. 2, screen; grid No. 3, .uppr_.

32.0

250
--

-2600

1250
1800

20000

6G51
6U5
6H5
61'15
6T5

36

--===--

37
38
39
44
41
42
75

--

76
77

I --

Cless-AAmphfier
TriadeAmplifier'
89
Triple-Grld Power
6-pln S.
6F
Hlr.
6.3
0.4 Pentode AmpUler 1
AmpliRer
Class·B Triode
Amplifier'
1221_'_ltrIPle-GricI Amplifier
6.~."..!. _ 6F
Hlr. _~.L 0.3 C-Ia•••.i>. Amplifier
1603'. Triple-Grid Ampll.R~ 6-pin M.
i>~ -,:!tr~ ~ .~_ CI...·A Amplifier
7700 'ITriPle-Grid Amplifier
6-pln S.
6F
Hlr.
6.3
0.3 CI...·A Amplifier
RKiOO MercurV.:"lIPor triOde
6:pir;~-:-i~~._ Htr. __ 6.3 ~ 0.6 A,;;-pjiii.,
1
2

PI.le
Supply
Volls

_

I

Q,.3~

7.
79
85

~ ___ I__~-==-- 85AS

4.7

-----s;s- 32.0 -----yoOOO-~ ~-

I

5500
6750
13600
9400

0.900
3.40 89
i.50
3.50

Powar output Is for 2 lube.
II slated load, plate-lo-plole
Charact.ristlcs .. m.~. 6C6
~
Characleristics _same as 6C6
____ ~
Characteristics •• me .1 6C6
7700
Cethode (Gl fc.rten~~50 ....
I 20000 __I _5~
RK100

:_j--==-

'Grid. 1'101. 1 end 2 lied losether; grid No. 3 connected 10 •
plole.
\I

low noi.e, non ..microphonic, tSl"".

,. Cclhod. Reslslor 780 ohm ••

TABLE Y-2.S-YOLT RECEIYING TUBES
-I

sockel-,'---I Fil. or Healer
c?nne.c-ICathOde I,on.·
I Volts Amps

-,

I

Ba." 3

Nam.

Type

I

I . ------ PJ.I~-I----- '1- --- -, Scre~~ I Plate
U..

~:!~

Supply
Volts

SV:~

I

Currenl Currenl
Ma.
Ma.

I Tnnscon-

)

.~~~: ~'I!:::'I

I

'

I

d.•cIanc• .
M,c,omhos

I

~::;

I

Lo.d -I Power
Re.i.•lanc" Oulpul
Ohm.
w.tts

1

f

Type

f

~A3 T,lodePowe, AmpIUI.,
'4-pin M. =~-,----ru:- ,.lIT
2.5 CI.... A Ampll~ ___ ._ _ .. ___ Characteristic.s.n;;;.s Type 6A~T.ble 1"-- --.-.-'
_~~
iA5. Pentod" Power AmpIiO., 6-pin M. ~ ~" ___ 12~ _ 1.15 Cla.,.A AmpliRer
. .
Ch.r.ct.•.ristlcs .......... TY!"!-42, Ta",,,'!y
. _ _. _______ ._...!,~
iA6 Duplex.Diod. Triod.
6-pin S. ,6G
HI,.
2.5
0.8 Cl., ..A Amp.
Characle,Istics Hlme a. Type 75, Table IV
2A6
2A7 Pent.g,id Converter
7·pin S. 7C-- ~ -2:5 -0.8- Qsc.·Mixe,
..- - - - - - - - - . - -- Char.cterl.llcs laine •• TY... 6A 7, T.bl,,·jV------- . - - . - - - - -llA 7
!ii6'''Speci.IPowerAmpIiOer
7.pinM'-7r--HIr.--!:5 2.25 AmpUOer
250 '!-24:0-r==- I 140.0 I
5150 I
3500
118.0 I 5000 I 4.0 2862B7 ·Duplex·Diode Penlod.
.7-pln S. _.70- .. H..II'• . 2.5_ 0.8": Penlode Amplifier
(__... ______. _ _ . Ch.racle,islics lame ~•.TY'" 687 T.bl.IV
-.--'!B7
2E5
Electron·Ray Tube
6.pln S. ~I·-H~l~ 0.8 Indicalor Tube
Ch.raclerlsliesHlm••• Ty... 6ES
Tabl" IV
___ ~
24.A Tetrod. R F AmpllAer
. 5.pin M
5E
' Htr '25
175 Screen·G.id R.F. Amp. _25~'1- 3'~1_~1 1.7 I 4.0 I 600000 I 1050
I 630 I - - I-==- 24-A
BI.. Del.clo.
250
- 5.0
20'1
PI.te currenl .diusted 10 0.1 m•• with no signal

..

.

I"

.

1.75 C~...-A AmpliRer.
'1 250 ,-21.0 1
I 5.2 I
'n50 I
975
I 9.0 I
I
27
B,•• Deleclor
250 I - 30.0 . - PI.te currenl .djusted to 0.2 me. with no ,ignal
Vlli.bl ••j.! AmpllRe,
5.pln M. 5E
Hti.
2.5_ 1':75-- Sc.een.Grll! R.F. Amp.
250 1- 3.0'
90 ~ 6.5
400000
1050
~
35
35
45
Triode Power AmpliRer
40pin
0
CI...·A Amplifie,
' __
-56.0
1700
2050
3.5
. 4600
46
Dual.Grld Power Amplifier 5.pln M.
5C
FII.
2.5
1.75 Cla... A Amplifier'
I~ -33.0
22.0
2380,
2350
I
5.6
6400 I~ 46
CI....S AmpliAer'
400
0
--Pow.r oulpul for 2 tube.
5800
20.0
P.nlod. Power AmpliR.,
5·pllI M'I'::: 5B .1 FiI.
.2.5 -I·... 1.75 CI.... A AmpliBe,
,250 i -16"5
250
31.0 I
60000 I .._._.2500
__ . 7000
2"- . 47
_5_3_ _ Twin Triode Amplifier
_ 7'1'111 M...:. ~!_-'::I~'1_2.5_ ~ Cla"...IIAmllllfi!!.. _
1_ _ _ __. _ _ ~..acterlsllc. HIm... Type 6A6, T.ble IV_______ . _ _ _ _. __ . __5_3_ _
~ 2,5_ _ Duplex-Diode Triode
6-pln ~ ~1_!:iI" _. 2.5 __ 1.0
A Amplifier
Chlr••larislies lime •• T,>:"" 85, Tabl. IV
. _ _ .. ~
<on ~
T'iode AmpIlR •• , Detector 5·pin S. ~_ ~ ...!.5_~. Cle.s-A Ampl.i&e,
Characteristics Hlme •• Type 76, T.ble IV
..'
~
57
T.ipl ....GridAmplilier
6-plnS. ~~~ 1.0R.F.AmpIlRe,
.~~I~I .!l~. _~
1.5 meg.
1225
1500 1____ 1_ _ _ _5_7_ _
27

Triode Detector-AmpUller

5.pln M.

5A

Hlr.

2.5.

M'I~.1. J:! :. . . . !:~II_. .'Gs.

~._

J

.l!-T,iple-GrldV•• i.ble-1'

'~'I·.

--==-I_-:::=.._I~I
--==---==I~I

IT'i~:~i~:'power

I

__

I~ ~

.~O

cr.s..

~ I:'~I_~_'~'ISc n'GridR'f'Amp'I_~1-3'0 I~I_'

-==- -' .

I

_1~ .~.1. . ! 8.0 1_~1.--==-12!I

...
2.0 ! _8.2_1
.
... .1100000.'._'
__
CI...·A Trlod.'
250
-28.0
-- - 1 26 .0
2300
2600
6.0
5000
1.25
'CI ...·AP."lod.' _ _ . 250 -18.01--250'--- 9.6- 35.0 'I~OO_" 2500~.-1.QO_- 6000 ,-3.0
Class-II Triod.'
I 400
0
I
--! 6000 I 20.0 ,
RK15 t,i~-AmpIiRer _... 4-pin M.
40' , Fl!. _ .2.5
1.75' - - - - .
____... _CharacteristicsHlme a. TYpe.46 wiirCless:l!co"nei:tion.!_ .____
'--"-1
RK16 ,!!iode_Powe. Amr>liAer_15.pin M. ~I~I~ ~
Cha'_acleristi... ~me_.._TyJl!e_~9_ wilh _CI.... A Itiode conneclions __ . __ - . - - - . - - - ' __
!.K~JP.ntode Power Ampllfie.
5·pin M.
SF
Hit.
2.5
2.0
Ch...cte.i.tics .ame •• Type liAS
59

6-pl"S.

I

7-plnM.

, Refer to Receiving Tube Diag•• nu.
I Grid connection to cap; no connection
IS. - .m.lI, M. - medillm.

10

7A

I' I
Htr.

2.5

2.0

___ . __._. _____

I

1

'Grid No.2, screen; grid No.3, OUp"",OIO'.
• Grid. Noo. 1 .nd 2 II.d together; grid No.3 connect.d

• Grid No. II li.d to pl.le.
'Grid, Nos. 1 and 2 lied togelher.
• Grids Nos. 2 and 3 connecled 10 plat••

No.3 pin.

59

RK1S
RK16
RK17

10

plate.

TABLE YI-2.0·YOLT BATTERY RECEIYING TUBES
Type

I

I Ba •• '

Name

Socket

FII. or Heater

IC!'nnec.

Us.

lion,'

'-I~pinS'1 ~M..

1A4P ',Y..,I"""••;'Penlode
1 A4T V.riabl.-" :retro~_
~ ~nlagrld Converter
~~tPI P.nlode R.F. Ampllfi.r

..

R.F.:..A.",pli~___

4.pin_~ __~ .._
I' 6:pin S. 'I'~
4'1'1. S.

4M

Fil.

2.0

0.06

R.F. AmpliAe.
Converter___
R.F. AmpliSer

PI.~

Supply
Volts

I ;~~elpi R' 1 T,anscon·
"'::t';:-~reen
Curr.. 1 Curren I .:~ C::::'! d!-'clanc.
Mo. 1M..
'
I Mlcromho.

G'd'-, Sc
II{!.

180-- -.3.0167.5 __0.8_1

3.01 67.5

0.6

I

Lo.d 1 Power
R•• lslance Oulpull Typ.
Ohmo
Watts

I

-=-=-1 ..==

I

I

2:31 1000000 I
750"
750
1
960000 _
1.~ ....J2~ ___
500000
Anode grid (No.2) 180 m.x. volts
1.7
1500000
650
1000

~1 _ _3_1 .. 67.5 I~I......!:L..
I~ ~I~I~ ~I
180

A
F.::::;

1_

I

1A4P

! A4T

~
~grl

TABLE YI-2.0-YOLT BATTERY RECEIYING TUBES-Confinued
Tvpe

Name

Be.e·

Socket I
FII. or Healer
C!'nnec.· Calhode - . - - - t,on.'
Volls Amps

I

Use

Plale
Supply
Voll.

I

Gr'
Bi!:

r
Screen Plat.
SoS::: Currenl Currenl
M..
Ma.

-==-

Tran.eonLoad
Power
~Resislence
~I.!:
~,,:~~.. Mlcromho.
d!'ctance
f~p'l
Output
n,
or
Ohms
Waitt
Ie

1 Type

1B!l/2SS Duplex·Diode Triode
6-pln S. ~ F ; l '" 2J),~ Triode ClaH.A AmpliRer 135
- 3.0
--==:-- O.S
35000
575
20:--===---:::::=-iB572sS
1C~ i>enlag,'ld ConVerler-- 6·pln S. ~ F;l2.0 --o::i'! Converler
180 ~
~ 1.5
750000
Anod. g.id (No. 2)T3fmax. volts
~
!!!- Penlode Pow.r-Am!,~A.r 5·pln M. 5K
Fl!. -2.0-- 0.12 Class-A AmpliRer
135
- 4.5
135
2.6
8
200000
1700 'I~- 16000
0.34 1F4
. .
R.F. AmpliAe.
180
1.5 67.5
0.6
2.0
1000000
650
650
--1F6
Duplex·D,od. Penlode
6-Pln S.
6W
FII.
2.0
0.6
A F A II~net
-135---10
- 1~'_
5_
--P"'I--I
0 ,.-5----h'
10
hm - - ___
A m~48
_ _. ___
_ _._e,_."
meso m Sc reen._._",890
__,,_ 1F6
R.F. Penlode Amplifier. S
H
R A I· ft
135
- 1.5 67.5
0.3
1.85
800000
750
600
--15
Oscillator
5,pln.
SF
Ir.
2.0
0.22, .F. mp Iner
-=--1.5- ~ ~ 1.85
630000
710
450 --===-- -:::::=- 15
1_9_ _ Twin:Trl.odeAmpIiAer
6-pinS.
6C
Fl!. _2.0
0.26 CIUS:B.AmpliA••----i35"
0
. _ _ ===---:"'I.oadj,lale-lo-plal-.- 10000
2.1
19
30
Triode Detector AmpliRer 4-pln S.
40
Fil.
2.0
0.06 Cla••·A AmpliRer
180
-13.5 - -3.1
10300,
900
9.3
30
31
Trl~e.Pow.rA"'.I)II~ 4...,inS.
40' Fl!. ..2,0 ~~.J!I!!'J\_A.m';IIAer
1S0
-30.0
12.3
3600
1050, 3.8
5700
0.37531
R.F. AmpltRer.
1S0
- 3.0 67.5
0.4
1.7
1200000
650
i 7S0
--32
Tetrode R.F. Amplilier
4'pin M.
4K
FII.
2.0
0.06 'Bi"s-Delecto.
6.0 -67.5 PI.te c:urreniad;u,led 10 0.2 ma. with no ,ig;;-.-I'--- 32
_33_ _ Pent"d.J'-o....,AmpIlR.r 5.pinM.
5K
Fil.
2.e
0.26 CI.....AA"'pllfie_r_ _· 180
-lS.0 :::'180
5.022.0:'--,'
55000
1700--, -90
···6000 ~33
34
Variable-/L P.ntode
4-pln M. 4M
FII.
2.0
0.06 R.F. Amplilier
180
3.0 67.5
1.0
2.8
1000000
620
620
-- - 34
.
" ..- - - Cless-A Amplifier' " - ~ -20.0
4175
1125
4.7
11000 ----0:1749
DUII-Gtld Pow.r Amplifier 5·pin M.
5C
Fit
2.0
0.12 CT.'-"~8 Amplifier'
180 - - 0 ---Power -output for 2 tubes .t ---- 12000 3.s- 49
~ R.F. Pantod.
5'pin S. -5-)- F;l2.0 0.130 Cless·A AmpTfli",
. 180
3
~
0.7 -- 1.0 11000000
-'400
400
-:::::=- 840
~ 950
Pentode Power Amplifier 5·pln M.
58
Fl!.
2.0
0.12 CI"'-_A Amplifier .. -- 135
16.5 1_.~_
2.0
7.0
10oooo~
1000
~ 13500
0.45 950
Q\ RK24
Triode Amplifier
. 4-pln M.
40
Fit.
2.0
0.12 CI...·A Amplifier
180
13.5
8.0
5000
1600
8.0
12000
0.25 RK24

-ru-

________

1-

_ _______._._111"

I

-ru-

I

I

---..so- _

I

---==----==--6:'jf"
---==----==-

1

Sea Receiving Tube Diag.ams.

'S.-.III4I1, M.-medium.

• Grid No. 2 tied 10 pl.t••

'I

I

• Grid. NOI. 1 and 2 tied .Iogether.

TABLE YII-2.0-YOLT BATTERY TUBES WITH OCTAL BASES
TVpe

I

N•.me

Socket
FII. o. Healer
C!'nnec. Cathode - - - - - lIons
Volts Amp.

Use

Plat.
Supply
Volts

G id
8{a,

v:r.:

S

Plal·I~~-~1
0":::"

-I
Screen 1
curren.l. c.urrenl a::
Ma.
Ma.
'

Transconduelence
Mlc.omhos

~~P;
C

a

-==-

Load
Power
Resi.tance olltpull Tvpe
Ohms
Walls

1(:7(;; - PenlegricrConYerter
7Z
~ 2.0' 0.06 Conyerte.
,
Char.cte,istic... m. as Type lC6 Tabl. VI
--===-- -:::::=- 1C7G
5Y
F ; l 2 F ~ R.F. AmpliAer
Characte,lstic. same as Type 1 A4P rable'vl--I-- - -:::::=- 1 D5GP
1D5GP V.,ieble·/L R.F. Penlode
lD7G Penta gild Conv-.;;I"i'---~ 2.0 ~ Conyerler'
-Cha.acle,istlc. ,am. as Type 1 A6 Table VI
--===-- -:::::=- 1D7G
---sy-- F ; l 'i.lf ~ IU'-:--AmpITlJe.
---Characteristics .ame a. Type 1 B4- Table VI
-....::::- --=::-- -:::::=- 1ESGP
1 E5GP R.F. AmpliA.r Pentode
1E7G De'!!:>!e p..,,-to~. 1'0",•.,_ Amp. 8C
Fil.
2.0 ~ g",,:.A Amplifier
135
- 7.5 ~I . 2.0' 1 6.5 "T2200~1
~ 350
24000 ~ 1E7G
1 FSG Penlode Power Amplifier
~....!'lL ~ ~ CI...·A Amplilier _ _ _ _ _ _ _ _ _ _ 1_
Characleristic. sam. as T~e.!!±...T~ble VI
_
1 F5G
lF7GV Duplex·Diode Pentede
7AD
Fif.
2.0
0.06 Detector·AmpliRer
-Characterl.tic••om... Type lF6-Table VI
__ I - - , - - 1F1GV
1G5G ~enl."depow"rAmpillie-r--~ Fit -2.0· 0.12-Cia. •• AAmpjiH;r----.·~
13.5
,135 ["2.5
I S.7 i 1600000 1 '1.550_1~ 9000_'-0.55 1G5G
1 H4G Trloc!!.'''m.l!lill.r " _____ ~....!'lL _2,<>.. ~ [)eteclo•• Am'pIiAer_
-Ch.racteristics .. me as Type 30 Teble VI
I~
1 H4G
lH6G Duplex·Diode Triod.
7AA ....!'lLi..,i,cL 0.06 Qeteclor.Aml"!A_er_ _ _ _ _ _ ,________~h.r.cleristics same as T",p~Iable '\11__ - -- - 1 H6G
lJ5G 'IPentode"F'ower Amplifier
6X_ ....!'lLj...2,cL 0.12 CI...·A Amplifier
135 .1 -16.5
135 I 2.0.-.1.. 7,.0_ _
1 _-.I
950
100
13500
0045
1J5G
1J6G Twin Triod..
7AS
Fit
2.0
.0.24 CI...·8 Amplifier
Cha.acteristic. same as Type 19 Table VI
-1J6G

--rz:-

1

Refer to Rec.ivlng Tube Diagrams.

---==--..:::::---=--

---==-

--==-I-===- --==-===- --==-

• Total current for both sections; no signal.

TABLE VIII-1.5-VOLT FILAMENT DRY-CELL TUBES
Sa. al.o Tabl. X lor SpeelaI1.4-voll Tubes
Typ.

Nam.

Base

Sockel

Filiment

lion.

Volts Amp..

IConnec1 ...

I

1A5G Pentod. Power Amplifie, 7.:.pin O.!6X-1.4- -0:'05
1A7G Pent"srld Convert..
B·p;n O. 7Z
1.4 0.05

!:~~T ~~:~:~~~~:n;::~de

-~::: g ~iw

'.'-;::-

U..
CI.s.·A Amplifier
Cse.·Mi.e,

Plate
Supply
Voli.

Grid

BII'

B5 '-. -4.5'
90
O·

1~:d~l"m.e.'.~lifi.er---- ~~-

Screen
Volts
8_5
45'

Sc,een
Curranl
MI.

I

0,7_
0.6

Plale
Currenl
MI.
3.5
0.55

Plale Re.ist- T,ln.conance Ohms ductance
•
Mic,amho.

Am.

L.old

Ohm.

3()O()OO- -SOO - - ~O 2.5.. 0.. 00 600000
Anode.grld volts 90

~:~5- -ji~:

I Power

Fact~r ReSIStance ,?u.tpul I Type

;;~d

MIlliwatt.

100 -- 1-A5G
1A7G

~:~~;

I
g:!
. g.'
45
_1.,._.3. N0 :-1 ,e,;,t-\';;200;000 oh::..
1, - !
i
Teltode Amplifier
90
-6.0
90 i 1.4
6.3.
-1150
14000
210
1:-7"7'::~";"::i-=::":":T"i:::'::::'- 7.p;" o:l~i1.4 -'0]0 a.'S:AA,;pliS"t.-,-- ~ ~ 831--1.6- ~'-11000il
1500
165 "9OOi) ~OO- 1C5G
B-pin O. 8A)-1-a- ~ Triode Ampllfiel
-W- ,- 0 - --=:;;;;;;- --==::- -1:1-575
'.~ --==::- --==::- 1D8GT
Pentode AmpliAe,
90
-9.0
90
1.0
5.0
925
--'-........
~
~
Dlifi"'--W'--0-~
---.;1000-1325
14.5
- - - 1E4G
,lode Ampliller
IE
8-PlnO.I~
90
-3.0
1.5
17000
825
14
CI."~AAmpiflie-r- ~
~
825
--==::1 G4G ITriOd.AII1P1iller
Cla••-A ~_m(;)I!Ii!,_ _ --90
o·
_____ 1.0 ~~O_ - 6 7 5 - - - 3 j )
1G6G
1G6G ITwin Triode
6-pln O.
1.4 0.1
CI••s-B Ampli&er
90
0
1/7'
34 valls input pet S,id
12000
675
1H5G Diode High-I-' Triode
7-pln O. 1---sz-1.4 -0:05 a ••s-A Amplifier ,--- -W- - - 0 - ~ 240000 1---275l~ - - 1LA4 Pent""i;'P""'e, Amplifier
8-pln L. --S-AD 1.~--0:05 ~inpfi~
Characteristics.ame •• 1A5G
1LA6 Pe~t"grld Converte,
8:,,1;;-':-:- 7AK 1:4-0:05 O,e.-Mb.,
90
45
0.6
0.5S----..='----------"-"'--:A"n-o-d'.-:Gr""id"V·o"'ltc -,·900=-----.. 1ijj~- Pentode Powe, Amplifier B-pin L. 5AD 1:4 0:'05 au':-AAmplifie'
-90- ~ -W- - 1 . 0 - -5-.0-- 200000
925
I - - I 12000
200
~ 1LB6GL Heptode Converter
B-pin L. SA)e 1:4
Ose.-Mlx.
- - -W- - - 0 - - 67.5 -2-.2-- ~
G,ld No.4 67.S-;:-;-N;;:sifv.
1LCS--T,iple-GridVarl.b-Ie:I'-- -S-p;n--C- 7AO 1:40:05R.F:AmpIi6er
-W---O--~~-----:r::rs- 1500000 1-775
I
I
1LC6. ~-,,_I"!rid Converter
_8~1>1,,_L. -fAI<- 1.4. 0.05 IO.C.-.M
....I.•. "'.. - - - 900
35'
0.7
0.75
Ancx!e Grid Volts 45
_ _ ~,=-CL
1 LD~ Dlod'!,.Penlode
7-pln L. ~,t>.l<_ ~4_ _O,()!S_ ga.,-A AmpURe_,_ _ ~ __0._ _ ~ _0_.1_ _ ...JY>__ 950000 --~ -==-I-==--I-==-- 1 LD5
1LU T,lod. Amplifie,
B-pin L. 4AA
1.4 0.05 CI ...-A Amplifier
90
4.5
11200
1300
14.$
-- - 1LE3
90
-3
1.3
19000
760
6-o~
240000 --2~ ~ --==::- --==::- lLH4
~- - - 0 - 0 : 3 - -1-.2--1500000-W---O-~-1-.2-- 1500000
750
------A An;.,-lili.;-- -96- --==4.5""
-0:6-- --3-.1-- -:jOOOOll
800
25000
• Amplilier
-W-i--O-~ ~
800000
8 0 0 - " ' - ----CI..... A-AmpIiAer
---as
-i:-i1950
"9OOi) ~
90
-4.5
1.6
9.5
2100
8000
270
_lR$
Penlegrld Converte,
7-pin B.10 7AT
Csc.-Mixer
~ --0---1-.9-- ~
Grid No.1 100000 ohms
154
Powe, Amplifier Pentode 7-pln B.10 7AV
CI..... A, Amplifier
-45 --==4.5""
-3-.8-- 250000
1250
800.;0;::.:::=-----.6""5Diod. Penlod.
7.pln B.'° 6AU
~AmpliAe'
~ --0-~ -1-.2-- 560000- --5-25- - - - - - - - - - - ~ Trlple.Grid Va,lable-"
7-pln B.'0 6AR
R.F. Amplille,
~ --0--0:7-- --1-.9-- 3$0000
700
1T5GT Be.m Powe, Amplifier
7-pln 6--: 6AF
Cia ..:A Amplifier
90- ~
-1-.4-- --'6:5-- -_. CK501 Penlod. Voltage AmpliS-;; 5-pin P.6 ~
Cla ••-A AmpliR..
3 0 -=0-0:-06-- -0-.3-- 1.0 meg.
325
7-pln O.
45
-1.25
0.055
0.28
1.5 meg.
300
---. 60000 1--3-1<:1<502
-0.1"3"
500000 --..00
CK502 Penlode Output Amplifie, 5-p;n P.' ~ 1.25 0.033 CI ...-A AmpiiHe-r- - 3 0 -=6"'-7-pin O.
301--0-1-:j6-1Ci33'1-1-.5-j
150000-1
600
[--=:;;;;;;-I
20000 1--6'-ICic503
CK503 Panlod. Output Amplifier -,-:"lni>;O- -6)(- -1'.'2'5 0.033 Cil""A Amplilier
7.pln O.

----w-

---

1-----s:8 --

---.

°

o:os

----w- -

=-.

° -- --

----m- ._- - - - - - --:wo

--u-- --- ---

-::s:o-

ru-

-.so6o'oo

-------o:a--

-mo--

--o:ss-

TABLE YIII-1.S·YOLT FILAMENT DRY·CELL TUBES-Continued
~----

Type

Name

Bo.e

... -

~-------

Socket I Filament
IIC?nnec-.·
hon. II Volis Amp..

Plate
Supply
Volts

Use

Grid
BI..

Sc
Vol'!:

SCr......
Current
Mo.

Plote PI t R lsi TronsconCurrent .:':' &l.m; ductonce
M..
'
Mlcromho.

I

A
F :::~.
a r

Power
<?u~put . Type
Mdl,wott. i

'1Ts 0.033 CI...-A AmplUler
~ -1.25" ~ ~ ~ 500000 -. 350---3-'-' CI<504
7-pi. O.
CI<505 Pentode Voltage Amplifier 5-pin
~ 0.625"0:03 Closs-A Amplifier
--0--"0-;0'- 0::17"" '1100000
140
- - - - CI<SOS
1-1';. O.
11
-1.25
0.08
0.20
2000000
150
HYI13 Triode Amplifier
S.p;n
0:070ass-AAmpli&er
"··4~
- ..~ 0.4- "ffoc;6--250---U'" 40000
HY113
0:07 c"i...::A Amplifie-r-~·22.50~0.08··
0...03.-. ,. 5 ..2 meg.
58
300' ," ----.
- - HY11SHY115 Pen lode Voltage Amplir.';' 5..pin
-1.5
45
0.1
0.4S
1.3 meg.
270
370
Sopin P.'
CI....A Amplifier-~ """"45 -0:2'- -0.9 - -825000" ~~"""25S 50000- 11:s- HY125
HY1!5 Pentode Power Ampli8er
-1,5
90
0.5
2.6
420000
450
190 I 2Sooo
90
RK42 Triode Amplifier
4-pi';'5:0 ] , - am::A. AmplUler
--=-=--'-- .'-~. ..
Characteristics same .s Tv;;;-ro=.Table VI
RI<42
RK43 ITwin Triode Amplifier
6-pln S.
.:>~.~. ITwin Triode AmpUaer- 135
- 3
4:5-114500
~~L 13
RK43

CK504 . Penlod .. Oulput Amplifier

5~pin-P:'6x'-

p:.,'

I -,

, Refer to Receiving Tube Dia,-ram •.
• M. - medium; S. - .mall; O. - octal; L. -ioleial.
I Grid bi.s obl.lned from 9O-volt "B" supply Ihrough self-biasing resislor.
• Obtained from 9O-voll supply through 70,000-ohm dropping resistor.
• Per lube. Value. to leflol di.gonal line lor no.. lgn.1 condition; val u.s 10
right a.. wllh signal.

'''--

6 Speci.1 miniature 5-p;n p.anut be.e. Also av.il.bl. with .moll·
.hell octal be....
, Wilh 5.megohm grid re.illor and 0.02-pl<!. grid coupling con·
den.er.

8

No screen connediOll.

I

I

. ---

• Through se,ie. resislo4. Screen vollage ma.1 be at lees! 10 volb
lower th.n o.cill.lor .node.

'0 Speci.1 7.pln "butlon" be... mlni.ture type.
!1 Two

tubes connected in .e,le. 10' 1.4-voll op",..llon.
.hleld connected 10 pin 1.

12 Intern.1

TABLE IX - HIGH·YOLT AGE HEATER TUBES

~
Type

Neme

Bese>

Socket \
Heater
I
Connec·
lions 1 Voll. Amp•.

I

Use

Plele

S~:.::

Grid
BI ••

I

Trans-

Screen Plate jPlate Resi.t. conducl.
Sc...n CUllent Currenl .nce, Ohms
.nce
Volis
Mo.
Mo.
Micromho.

I

I

1--Loed i Power
Amp. Resistancel Outpul
Feclor
Ohms
W.tt.

I

Type

7i=--12.ji)
100
I-::::'-I--==-I~I-o:r-~
6.3 -0.3
0.6 CI ....A Amplilier
leo 1~11O()1~1-"{e-1
-27
180
9.0
40
..........
-4500
2.e
7.pin O. 7 AC -12:6CI •••·A, Ampli&er
250 -="12:5 250- 3 . 5 ~
50000
3000--~ 2.5 ~
7.pln M.·71<~-12:6 -0-:-3 CI •••·A Ampliii8l--- 135' -13.5 ~ ~ ~ -1"02000
975
....,-00- 13500 "0.55 ~
80pin O. ~ 12:6 ~ bsc .• Mi.e,
Ch.r.cteristics same as 6AS T.ble I .._ _.12A8GT
12B6M' Oi;;Cie Triode
6-pin 6~ 6 y - 1 2 : 6 0.15 CI....A AmpliSer
250 1 2.01
1
1 0.91
91000 1 1100
1 100 1 1
12B6M
e.pln L. 8V
12.6
0.15 R.F. Amplifier' ---"250
3.0 100 -2.4
9.21800
360
1287
1287
Triple-Grid V.rlabl••!'
CI....A Triode
100
1
--0.6
73000
1500
110
--12B8GT Trode·Penlod.
8.pln O. 8T
12.6
0.3
CI....A Pentode
100 --==-310() - 2 - - --S-170000
2100
36i)"" -:::::::- -=:....-12B8GT
12CS
Duplex.Dlode Pentode
80pin O. ~ 12:6 ~ ci••s:A Amplifier
Characteristics same os 688 Table I
12C-S-12E5GT- Triode Amplifier
6-pln O. ~ 1'liT 0]5 CI.ss-A Amplifier
250 I 13.5 I
I
I 5.0 I
I 1450
I 13.S I
I - - 12E5GT
12F5GT Triode Amplifior
5·pin O. ~ 12:6 ~ CTa••• A Amplifier
Ch.raclerl.tlc. same .s 6F5 Table I
12F5GT
12G7G Duplex-Diode Triode
7-pin 0:' -"'IV- ~ 0.15 Oas.·A Amplifier
250 I - 3.0! I --. I I 5S000 I 1200
I 70 I
I
1!Gro12J5GT Triod. AmplUler , - - - 6·pln O. ~ 12T ~ CI...::A AmpiiA;"--- ~-,Characler(Siics same.s 6J5 T.b .. I
1!J5GT
Characteristics •• me Ii 6J7-Tabla I
1 V7GT
12J7GT Penlod,,'Volle,e Amplifier "7'1'1,,' 0:' ~ ~6- 0.15 Class-A Amplifier
12K7GT Remote Cut.olf Penlod.
7.pin O. ~ 12:6 ~ itt Ampiiiier----Char.cterlsticS s.ma a. 61<7-T.ble I
121<7GT
~ Triode Hexode Converter
8;pln 0. ~ -"2T
Mixer
--Ch.,Kteristics .ame i. 6K8-T.bl.;r
-- 1'21<8--1207GT Duplex.DI~e Tr!~ l~ph' O. 7V
12.6
0.15 ~~~ Amplifier
Chlracteri!,ic$ sam...s 607 Table I
1207GT
12SA7
Penla,r1d Converter
8·pin O. eR
12.6
0.15 Osc.-Mixer
Charo_IIIics same a. 6SA7 Table I
12SA7
12AS

12A6

Penlod"P",werAmpli6er

Beam Power Amplifier
i2~ Recli8er-AmpUll.r'
12ASGT Peniasrid Converter

7.pin M.

-o:s-

o:15"/OK..

--==-

TABLE IX-HIGH-VOLTAGE HEATER TUBES-Continued
Type

Nlme

Base '

Iconnec-.
Socket
lions 1

I

HHler
Volis Amps.

Use

~~

Supply
VollI

1 G'd

I

IScree:-I

Pllte
MI.

I

I

I

0

I

MI.

I

~r:n.con.

Plltel'1 Am I Load I Power
d~clence F ct~; Reslstlnee Output I
Ohms
M,cromhOl
I
Ohms
WiltS

B!~' ! SY~b Currenl Currenl! Resistlnce,

Type

as-

I.pin O.
12Ai---o:15 CI....A AmpliBer
6-pin O. ap-12:6 O.lS crlss.A Amplijj;'--l.pinO-:- ~ 12:6 ---0:15 ClIi.-.:A AmpUllar
S·pin O. ~ 12:6 ---0:15 R-:F. AmpliAe.
a·pl" 6:- ao--12:6 0.15 CJ....A AmpJifier
S·pin O. -'0--12:6 0;'.-5- Cla..-A Ampliiier
S.pin L.
-1.(04- 0.16 cr•••·A AmpliHer
B'pin L.
SAR
14.0' 0 ..16 Osc.• MI.er
S.pinC-- IAL
14.0' 0.1-6- Osc .•MI.er
I·pln O. -8~ --2-0----0:15 Osc .•Mi;er

ChlrlclNistic. Slme IS 6SC7-Table I
H:~
Ch.racteristic. -. . me a, 6SF5 Tlble I
12SFSGYCharaCierl,!ies Slme as 6SJ7 Tlble J
12SJiChara.leristic, -'ame as 6SK7 Table I
12SK7
Chlrlclerisll .. seme IS 6507 -Table I
12S"(:)7-Chlraci.ristics some .. 6R7 Table I
12SR7
ci.lrICleri'lies seme .. 786-T.bl. III
1486-Ch....tWlstics sa_.s 7J7-Tibl.UI
14J7
Chlreclerlsties same a, 707 Table III
~
250
3.0! 100 I 3.4 - 1.5
Triode PI.le (No.6) 100 v. 1.S ma.
20)iiGM0._-- - - - - - _ _ 1___
~~
- - - - - - - - - - -.. - - - - - 21A7
Triode Hexode Converter
S.pin L. 8AR
21
0.16 Osc.·Mixer
~~g
100Triode2.8
1~
21A7
- Pentode Power Amplifier . 7.pl. O. 7S
~ 0.3
cr....A AmpliBer
"""135- -=20---- 135
a
37
35000
2450
S 5 . 4000" 2.0-' 'lSA6
25A6
25A7G-RectIHer.AmpJiAer'
-i8oplnO. 8F
I~ 0.3 cr.... AAmpIiAer--- 100 '-15
foo
4.0- __ .20,5
SOOOO
1iioo--90---4500~ 0.77 25A'iG.
.
110
+15
--45
3800
51
2000
2.0
!!5AC5G Triode Power AmpliAer
6-pln O. 60
25
0.3
Cla ••·A Amphfier
~ --,.-- Used In dynamic-eoupled circuli with 6AFSG d.i_
--3500 3.3 !!5AC5G
USC7
Twin Triode
12SFSGT Hilt"'/' Triode
~;Pentode Vollal/e AmpllBar
12SK7
Remol. Cut·oli Penlode
12S07
Duplex.Oiode Triode
12SR7
Duplex·Oiode Triode
~ Duplex-DiOde High.!' Triode
14J7
Triod...Hexode Converter
1407
iHepiod. Penlegrid Converter
20JIGM3 Triode Heptode Converter

sw-

i:g

I

k;

__

32

==

~_5!S_Direct.Coupl.d!rlod,,__ -~pinS·__ I~

25
~g.'S'AA. m!:"lfier
=-110 _0_1~1_7__ I~_I_U4oo I 2200
1~_200() __~.1)-25BS. __
Pantod. Power Amplifier _'1-I>_ln O. !~_ ~ ~ CI ....A Amplifier
95
-15
95
4
45
-4000
-2000
1.75 115B6G
Triode Pentod.
8'pin O.
25
0.15 cr••s-A AmpllR.r
Characteristics .. me as 12B8GT
25B8GT
i5C6G- Bum Power AmpliB~ 7,pin..2,.I~=-' -25
([3--' cr••s-A Amplifier
135 ~ ~ 3.5/11.5,28/60 __ 9300
7000
, __ 2000 ~ 25C6G. 0
Triode Amplifier
100
1.0 - -O,S
91000
1100
100
--25DIGT Died • Triode Penlod e
S,pln. 8AF
25
0.15 Penlode Amplifier
-Too
--:3':0100"
--2:-7- 8 T 200000 ---~ ---=:::----- --==.- 25DIGT
i5L6_lieamPowerAmpl~ 7-plnO. -,")..C -25_~Clas••AAmpiifier
110'
1_, 110 3:5-10.545-48
'!.OOOO ____8oo0'ii()----2000_'~25L6
25 .....~Direct-Coupl.dTriod..
7.plnCl,~~~ ,__0.3
CI ....AAmplilier
~. __0_~i_7____45 __ -1140() i 220025 _2000_~~5N6~
32L7GT Dlode·B.amTelrode'
I-pin O. SF
32.S
0.3
CI •••• A Amplifier
110
7.S
110
3
40
15000
6000
-!!Soo
32L7GT
3SA5
a.,;,mPowerAmpliRer
8-pino. 6AA -3~5-([16"CI••s.AAmpliRer
1 1 0 - 7.51102:s-3s-~000----5~!-==--25oo 1.4~
3.5ASLT BeamPower Amplifier
8-pln L. 6,6,r.~ -35
--oXS CI.... A Amplifie~r---11O. - 7.5 110 . 3./;- 40/41 .....!!OOO___ 5800_:"::=''' 2500=,=:}~ iSA5LT
35L6G
BHm Power Amplifier
7-pin O. 7AC
35
0.15 CI••s·A Amplifier
110
- 7.5
110
317
40/41
13800
SBoo
-2500 I~ 35L6G
50(6(;- Beam Power Am"li~ 7-pln O. 1AC_ 50
0.15_ ~la.s·A AmpliAer---13S'- -13.5
135_ 3:5711.5 2_8/60 __9~ _7()0()_ 2000 .~ 50C6GT
7-pinO. 7AC
SO
0,15 CI.ss-AAmpIiAer
110
- 7.5
110, 4/11
49/50
-8200
82
2oo0--';'';.--50L6GT
50L6GT ·eeamPowerAmpIiA.r
70A 7GT Diode-Beam Tetrode"
a-pin O~
-''1'0- ---0:15 CI...·A-Amplifier
110 -'::'7:5110 3 ] ) " 405~
~
70A 1GT
!OL7Gt- Dlode-B•• m. Tetrode'
-il.pin O. _8A!-_ _-'0 --0:15 Ci....A Amplifl.r
110
7,5
110 -3/6- 40/43 -15000
75~
2(lO()-:.:n= 701,1GT117L7GT Rectiner·AmpliAer'
a·pinO. 8AO_.!.:'.1- 0.09 Cla.s-AAmplllie_r_ _ _ -.!()5_ _ 5.5_~~~~()()()O
4000
- - ~1::::rr=,117L7GT
!17M7C!T Redllier·Ampliner'
8.pbl_Q:. 8AO .!.:'.1- 0.09 <;Jass-jI\l_AmpIiHer
100 ~ ~_OO_ ~ ~_ _1.s000_~~ _ _ _ ~ ~ 117M7GT
!17N7GT R_edilier-AmpJlfier'
_8:pln O. _BAV .!.:'.1- 0.09 5=."I'$.A, Amplifier
~~.CI. ~ ___ ~ __.51.
16000
7000
---.!ooo__
117N7GT
43
Pentode Power Amplifier
6-pin M. 6B
25.0
0.3
CI.ss·A Amplifier
95
-lS.0
95
4.0
20.0
45000
2000
90
4500 ~
43
4-8--- Tetrede Power Ampli~ 6-pin M. ~ 30:0---0.4
CIIss·A AmpliRer
-96- -19.0 ~ ~O-- 52.0
-- 3800
1500
--48-

~ !!5B6G

1:11::=:.

25BOOT

-==-

Reier to Receiving Tube Diagrams.
• M.-mediumJ S.-small, O.-octAl, L.-Ioktal.
, Metal'splayed glo.. env..lope.

1

-so-

--==--==-

1.5

i --

-to-

'M.ximum rating, corresponding to 130-volt line condition;
normalr.tlng i. 12.6 v. for 117-v. line.
• For rectlRer data, see Table XIII.

::l

TABLE X - MISCELLANEOUS RECEIVING TUBES

-T'.~ ~I-- -N~m~--.~--a.-.e-:--II~;;~!-~lc-e-lhOdel~iI' ~~H~.~.~t.~r

I

_____

OO-A ·ITriod. Delector
01-A .Triode Detector AmpUllar

4·pin

han.'

J___ IVolt'I_Amp,.:..

u.~-- t.~;y-~~; ~:C- =C~-=It:- ;-'Tr=~-c~re=r =:~=t'i'-=l"'Jr=~!=~=-t'i'!p=.~=.!=:"'~=e=-~,-=~=.c~_7"17~~:t~~:--.
_

Volt.

MJ~I~I_5.0 _I~ Grid Leak Detector
11.4

~I_ 7AO _ FII.~_ ktl t~~ CI•••-A AmpliRer
68A ..J:.i.I,.J~8 _0.05E....
7AP
Fil.' I ~:: g:~5 Cla••-A Amplifier

~:pinM.

-A~~IRe.

1.4

---=

'

Type

1 M••romho. __
oc__1 Oh~1 Watt. _ __

30000 1_
666
20
--==-- --==-- OO-A
_.!,.() __
.. .!.OO()() ___ .1l0,0_1~1' _.
_I--==--I~~
-0.15
240000
275·
65
---.
L2_r6000OO
750
I- __I~A8GT
1.5

4.pl"--M'-I_~_ ~ 5~ _0.25 _ Class-A Ampliller _._
. '
1 0.1
CI•••·A Triode
3A8GT IDiode Triode Pentode_ _ 8-p.n O. _ 8A5 .!~_ 2.8 0.05 9...m~-P",",odtt - 3C5GT IPower Output Penlod-,,_ !.pin
3LE4 Ipower Amplifier Pentod. .Il.-P!!t. L.:...
305GT ISeam Power AmpliSer
17,p,n O.

Me.

Ma.

It;; j:~~~cel ~~;:III
-==
---- _

r

6.0

-.-

~:~

--

IJ.±;~-I--=-Il l~ggO.ol g:~~ _. 3C5GT

~ __ !!()O~0_1_1~~ _==_1_ 6~00_1~3~_ I...!L~

90

mg

--

8000

g:~~

1305GT

_40 1_ Fil. 1_ 7 .5 -1.25 CI•••
425
-39.0 _==_-==-. 18.0.
5000 11.600.
8.0 _10200-1=_1.6
10
4-pln M.
4D
Fil.
1.1
0.25 CI...-A Ampll6",
135
-10.5 - -3.0
15000
440
6.6 1 - - I - - 11/12
4-l)ln5. - 40-- FII.- 3.3_1 0.132 C:1...-AAmPiTife.-- 135 _-22.5___
_ ___ ~5
6300 =525-=_3.3_1 6500
0.110 20
~IT~o_~R.F. Amp~ 4-pln~ ~'~1·._3:3 _ 0.132 R.F. Amp.liO.e..... _ . __
. ~I~~ ~ __ 2.:L1 325000 I
500
I 160 ·1_... ~
__ I--==--~
~I!riod. Amplifi"'_____ 4-pln M. ·I~~_ .!,5_~ CI....-A A!:<'.,Ii.!!er ___ ~1-14.51-===---==---6:!...·-~1 1150
8.3. -=-_--==-- ~
~ITriOde Volt.se AmpliBer 4-p;n M. _~ . .£!I.:..J~ ~ CI...-~Ampl~r.er
~ _~. ~-----i ~!... 1500~~_ ~ _ ~_I--==--I-==_ ~
8-' 0
8L
F'161~~Cla"-AAmphfte••. '~'_~ __===___==_I_ U
13300
1500 --~--==---==-- 4A6G
4A6G T I Tied A IIR
___
I w n. • mp__er_ _ ~i---.--' _..!.'.... J!,!!... Class.8 Amplifter _ _ ~I. _~-==--_==_, 4.6'
._ _ _==_I~I~- _ __
"" 50
ITriOde Power AmpliRer
4-pin M'I 40 1 Fil.
7.5 1.25 CI.,,-A AmpliO",.
. 450 I -84.0
55.0
1800
2100
1 3.8
4350. 4.6
150
g 71-A tr~.d..!."o.-.we.-:;-.Ampli.iier
. .-...' 4-P!.!'..M.. 40
FiI..2.•O _0.25 9!...-~-~m.,~fter= 18.0 • _=-43.0 I·
_ 20.0
. 1750.' '.700
I 3.0
4800. ,. 0.79~_.. -.7.'-A
99
Triode Delector AmpliR.r 4-pln S. . 40
Fli.
3.3 0.063 Cla..-A Amplifter
90
4.5 - -2.5
15500
425
6.6
-- - . 99
112A!riod;;DeiKt';u~.;.mPi;fter~ ::4-i>inM.1 40
Fli. :-5.0_1 0.25 aAss:AAmpIiRe.
_ 180 --13.5__
~_ ~}0.!>____'800 -I· 8.5.
_
1-112A
10
ITrlod.. PowerAmpliRer
11/12 ITriode Detector AmpliBe.
20
1!!!~!;wer~me!III...

.

..

_.

I -- -- I

I

·1

~:~:/ IT.iode AmpllS",

Ui

l

Triode

e;P~tod.

257
485
864
7

954

IPower

4-pln M.

11""..
Triode
ITriod.e AmpliRer
Pentad .. Delector,
AmpliRer

---lrriod.Detec.. lor,.
~~mpIiRer _
95 ,'r.i.ple-G.idVlriable.!'

I~ ~ ...~,.~ Cla.,·A Amplifi~_ _

4-pln M.

40

FIJ.

5.0 1 .25
11
-5.0 0.30

Class-A Amplifier

C~~A

--==

1_

250
250

-=I -- --

~I-=60

-,

18
25

-.

I

--.

1500

18000

1800

I

_~_I--=_I-=.I mgl

I

_1_ 41000_~1-

3.2

,

-=1

,m

l

4500! 2.0

1._-=-1_ -==_

S.pln M. - 58 ,- Fil.
. .-.A-.nii>liner
110
21.5) 110
7
20
55
6000 1 0.8 _ 257
5-p;n S. ~i~-~ ~ C:1..~A:~m.1'li~ ~I~I_ -=--I-==- ~
9300 I 1350
1_ 12. 5__
~
4-pln S.
...-A Ampliller
4.5 I,.
. ./-===-- -2.9
. I.
13..500 I
610. 1 8.2.
_.
... . 864
5 eclal
A 7
Htr
63 015 IC'.SS-A AmpliAer
_ 250 _ --=--!.J_ 100 ___ ~ __ ~....!:.5 meg~hrll$___1400.-,- 2009_'
--I·-==- 954
I'
•
•
.
Bi •• Deteclor
250
6 1 100
-Plate current to be .djuJled 10 0.1 m•. with no slgn.1
--

~I~""!'!" ~IC,

--=-

-==

B' 1--;;;;---;;-~.!Cla"-AAm.pIiRe.•
180 -':5~1'----4,;5--r.-125001-. 2.0.00.--.-.L.-.2..!... 130000-1 0.13[ 955
_ _____·_.~_·_IO.. iII.t~ _ _ _ . ~~_==-_===__ __
7 _ D.C._G'idCu',!n_t!-lOp:_1-,5_m"·_i--==--l~
A' I.Hlr.
63 0.15
3_1_.100 _
1.8.
8.0000.E-._ .
956
5 ec.la'
Spe.i.1

--

R.~~]OI!!!e,-_- ~_J __

95~' \!!l:;~;~1~:j,.,0S. 'S:ciOf
1

I~

C

7J~ FiI:·-::-::i:2.5. _0~05J~!;:AAmplifl._r_~ :i~I-1~

1-

I~.-.
...!.I'~144O_.-'----_.L-==--.
10:~_ -_-_1=-_-2-.-0'-1- -24600 !OSCIl!·;~·:t.:.~~~~~min·-=I_ -=1957

~7_!.iode~F. Amy-,-, Os-=- ~ecl.1 I_C_7_I....£i.I.:.......!,2~1~_ICI ••S-A AmpliRer
~.--=-_'-.5_1--==-- _==_ ~:!!...:I 10000 _1_~.!>.2.J~2-1-==-!-==- 958
~IPentode Del., Ampllfl.. _Specl~..Q ' _ .. Fil._ ~11.~CI •••-A Aml>!llie,-- _1...!3.~1_~_1_ 67.S ~i~ _..!oo~()o_t 600 I~I' -==-1 1959
1609 -jPenlode Amplilier

5-pin S.

-I

58

I

Fil.

1.1

0.25

!CI...-A Amplifier

135

Refar 10 R.... lvlns Tuba Diagrams.
'
, M.- Medium; 5. -Smell; O. - Octol; L. - Lokl.1.
i Cathode lermlnall. mid-point of 81amenll use .erles connecllon with 4 valls, Por.llel with 2 yolt..
'
• Triad.. connected In pa.allel.

1

2.51 67.5

0.65 I

2.5

400000

1

725

i 300

--

, Idling curren!. both plat...
• Filament mld-polnl lap pe.mits .arl.. or parallel .onnectlon.
, "Acorn" type; miniature unbe.ed tubes for ultra.hlgh fr""ullncia•• See Aco.n Tube Soclcet Connection•.

--
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TABLE XI-CONTROL AND REGULATOR TUBES
Name

Type

Basel

Socket
Connec.
Ilons 2

Cathode

OA4G

Gas Triode

6-pln O.

4V

Cold

2A4G

Thyratron

8·pln O.
4-pin S.

5S

Fil.

-!l~ Douple Gap G .. Tube

Three-Element Gas t.be,~i.I, 14
Three-Element Gas Tube
SPeclel"

_

814

Voltage Regulator ..- . - . . .

4S

4-pin M.
Mogul

.
884
Gas Tllode
6-pln O.
~ Gas Triode
5·pln S.
~ turrent Re!!ulalor
lIIIogul
967
Mereu"! Vapor Triod..4-~M.
991
Glow Discharp Tube
I'Be~"
2050
Gas Tetrode
8.pln O.
2051

Gas Tetrode

8.pln O.

~ Gas rriode
~GasTrlode

f:!:l
...

RM208 Permotron
RM209 Par matron
Voltoge Resulator
VR105 Volte!!eRegulator
VR150 Voltage Regulotor
KY866 Mercury Vapor Triode

VR90

4-pln M.
4-plnS.
4-pfn M.
4-pln M.
7.pln).
o-pin
6-pln
4-pln~.

2.5

2.5

I--==---==--==- Current
Voltage'Resui..!or'
-Regulator'

BBA

Sweep Circuit Oscillator
0.6 Grld-Controlled Rectifier
2:5'
1.4 Same a. Type 884
-- - Current Resuletor'
FU.
2 r 5.0 Grid-Controlled RedlAer
-- - Vollage Re!!ulator
~ ~ 0.6 Grid-Conlrolled Redilier

8BA

~~

Htr.
Htr.

F to

6.3

0.6

-F-II-.- ~ 10.0
~~~ 0.05
-F-II-.~
-FII.
10.0
4SA
-4SB
4S8
F 10
FII.!.5

--s:o-

--==--==-

IM.-Medlum;S.-Small; O.-Odol.
• ReIer to Receiving T.be Diagrams.
'In ma.
• Not I..s than 1000 ohms per grid yolt; 500,000 ohms mall.
• For use in series with power translormer primary.
• for use as '''!-quenchins super...,.nerlllive de!edor with high.
reslslance relay (5000·10000 ohms) In anode circuit.

7

I

Tube
Voltage
Drop

Cold-C. thode Slarter-Anode
'With j'OS-120-volt a.c. anode .upply, peak slarler-.node •. c. vollase 'is 70,
ReilY Tube
pe.k r.f•• ollage 55
Control Tube
200 I 100 I
I
I
I
1'15
R.lay Tube, RectiR.r or Vollag.
Resuletor
P.ek cathod. currenl, 30 me., •••. lOme. Conlrol SOP breakdown vollage,
Reley T.be or RectiAer
70; suslai~I~!/, 60. Meln gel' minimum ~'",!kd~wn, .150 volts ~2~5 lor 346A),
Relay Tube or RecllRer
.uslalnlng, 75 (80 lor 346A). Delonlmlon lime, 10 mllh.econds.

Cold
:old'::':":"'-

60
5A

I I .

peak! Anode
~~:I MI~i;;'um
.
Anode
Sterling Operating Operallnp 'I G!,d
Voltege
Current' Voltage Voltage
C.rrent
ResIStor

Use

Cold

333A
346A

~ Current Regulator

Fil. or Heater
VollI Amps.

I___I~I_90
-==- __

..... _ _ _
--300
300
~~

2500

--s:o--s:o-

40-60
--

--===----===---===-- ----==- ___.

350

--===-sao- ---===----===---===-- --===----===-----==-"
~

Grid·Controlied RecUR..
Relay Tube'-'
Controlled RediA .. 7
Controlled Reetl8er 7
Voltase Reguletor
VolteseRegulator
Voltage Regulator
Grid-Controlled RediA..

--

45
7500'
7500'

1.5
1000
5000
--

3v-45

0.1-1.5

~--90-- 10-30'
137
105
5-30'
~ --:;so
5-30 9
~ -100-150 --=.-

10000

2A4G
313C
,333A

.

----==- --=-.-

~
~
884

ilils

8

886
967
991
2050

14

2051

10-24

----==----==-

650

Grid Controlled Redllier

OA4G

I---I-==~
-==--==--===--

ll0-50
__
1._'_
-2
25000'
--'-5- 25000 '
Charaderlstles Same es Type 884
" --40-60
2.05
500
5 11
81
48-67
2.0
-100
4 lZ
-0.1-10
meg.
---75- ~ -::=0.1-10
meg.

-

Type

-15
,1 ~
15

KY21
RK6i

--

--

RM! 08
RM!09
VR90
VR10S
VR1S0
KY866

AI 1000 anode valls.
.. At 350 anode volls and 0 Grid No.2 .db.
13 AI 650 anode .olts end 0 Grid No. 2 veil••
,. A.xlble colored lead. with spede terminal•.
"Special bes. lor soldered connedlons. Resistor mounled In bese.
,. Cand.labra type, double contact.

Far uSe ai grid-conlrolled rectifier or with extelllal magnetic

11

conlrol. RM.208 hos charoderlstlcs of 866, RM.209 01 872.
• When under control peak Inverse rating Is r.duced to 2500.
• Sull'fcienl resistence must be used in .erie. with tube to limit
curren I 10 30 ma.
"Reler 10 Transmitting Tube Diagrams.

TABLE XII-CATHODE·RAY TUBES AND KINESCOPES
Type

.

Neme

3AP1!
906-1'1 Eleclroslalic Cathod..Ray
3AP4!
906.p4
___

Socket
Heater
Connec.
lions 1 Valls Ampr.

7N

2.5

2.1

~~r

Size

Oscillograph
Television

3"

Anode 'I Anode Cut.Of
No.2 No. 1
Grid
Vollage Voltage Voltap'
1500
1200
1000
800

Grid
No.2
Voltage

475
285
230

I=:P

lOA

6.3

0.6

Osclll
Tel..

_ 70

~ 170

h

lOA

-6.3

0.6

~~I:,~:ph

5"

5"

2000

575

1500
2000
1500
1200

430
425
310
250

Sign."
Swing
Vollage

Max.
Input
Vollage'

Screen
Input
Power'

-

64
85
62
50

I

I 0.23

0.33
0.41

0.35
0.44

_ _ _ _ _ _ _ _ _ ~:81

0.87.

-

-

-

--:-:._
--

~ 0:29
600

10

0:55 0:58

86
-

DeHed!on
San.lllvlly •
0, 0, 0, D.
0.22

-

345

~~

1_

~:-ts~
5AP4! Eledrostallc Plctur. Tube
1805.p4
5BP1!
Electrostallc Ph:ture Tube
1 BOt.p4

USe

--

--

--

--

500

10

0.17
0.21
--- --0.23
0.28

----o.a- ----0:33

- - - ---500
10
0.4
0.5

0.44
0.55

Screen
Persist.
.nea G
Pl

Pellern
Color'
G

3AP1!
reel!

P4

Type

White

P1

Green

P4

Whll.

Pl
P4

Green
While

906-Pl

:!IAP4!
906-P4

5AP17

1~~4'i

1805.p4
5BPli
1802·P1

~::!P4

TABLE XII - CA THODE-RA Y TUBES AND KINESCOPES - Continuea
Type

Socket
Heeter
Connet1
Use
lions 1 vOlisl Amp••
_~AJ
2._5__ --2:1-1,."lev;.loo

Nlme

7AP4
9AP4/
1804-P4 Eleelromagnellc
_ _ _ _ _Pielure
_ _Tube
__

6AL

2.5

2.1

ITelevlslon

12AP4/ EI ••tromagnetlc Piclure Tube
lB03-P4 ______.______

6AL I 2.5

2.1

ITelevl,lon

902

- - · - - · - - ..· - - 1 - -......---1

Electrostatic Clllllode-RIY

903

IElect.omasnetlc Cathode-Rey

904

Electrostali ••MlI,netic Cethod..Rey

6AL

Co

0.6

6.3

A'

1

1Oscillograph

2.5

2.1

lIIogr.ph

2.5

2.1

Oscillograph

3500

Elettrostatic Celhode-Rev

I>'
U'

905

2.1

2.5

Os.lIIogr.ph

911'

-I
5"

7N

2.1

Oscillograph

5"

~

Electrostatic Calhode-Rev

~Ine••ope

15000
10000

350

2"
"

Ele.l.o,lali. Calhode-Rev

- - - - - 1 :"

24-XH IEleeiroslallc Cethode-Rev

4000

5

P1

-soo 1i)()
400- ----so
2000 1000-

I=;~- i~~ 1---

,0

----so

902

Pi

Green

903

10

PI

G.een

904

10

PI

Green

905

--P-S- ~ ~
--PS- -901'--P-2- Biij&-- ~
- - - - --.. ~ 81ue910
pf--- Gre!'" __ 911

---oiue-

10

P1

G.ee"

912

3000

-·----1-5----

h~=_=_+-:::.:;:.~_"-l

10

I~~

10

914

P3

Veil ow

1800

-- --------O::...-1-7-_·-I·_P_3__ ~~1I0W

10

Med.

Green

1801
2002

0:26

-----.---

• In mm./voll d.c.
• Phosphorescent material used in screen determines persistence.
PI is phospho. 01 medium per.islenee, Pi long. P3 also medium but ...... Ially s.lted lor lelevlslon, P4 same IS P3 but
white, and P5 short persl.lenc. for oscillographic use.

Green
PI

0.20 _.

:

Green

10

251)T-==- ----1------

35

7AP4

--.!50 -- ---I----I-c~;=_I_;;:~'-+---II-----I
- - - "1-.:::-_-_---250
5
P1
G.een
913

:_i 1~~1~ :~rT25

---;jijQ
1 R"fer to Receiving Tube Diag.ams.
• For c.rrenl cut-olf. Cont.ol grid should neve. be allo_d to
positive.
• o.tween Anode No.2 and any dellecting plate.
«In mw./sq. em., max.

90

White

Whit•. 9AP4/
1804-P4
- - - - - -:---12AP4/
P4
Who I. 1803-P4

-------I-;:~-I-~=·+---l-----I-

I --

-

Type

- - - - - - - -.. - - -

1000

700011500

PeRern
Color'

P4

10

Ch"r.Cie.i$ijcs,-;;;;;o, Tvp&~
Chlrl.terl,ties s.me as Tvpe 906/5API
·Characte.l.tl••• ameiisTYpe-90S------ Che'lelerlstic••e-me es Type 906/5AP1·
... _Ch.ilci8rlsll •• 'IIm." el Typ~615AJi17
3000
250
2000
-125
250 ."----" 7000

1_ _ _ _ _ _ I__5_1-2-~00-o--- -___ -_;-_~-g-

IEleeiroslelic Calhode-Rev

ence!!

--------------

--wa- -

I

Screen
Persist-

- - - --;;;--

9"
4500--m- - 75 -~--~--3000- 625
20
--,,- -3000 ---450--- - - - - - - 2 - 0 -

~IEleclromegn.lI. Kinescope
2005

25

-1006-I-~'-+---""""

5" 1- 2000_
1000

-

2002

250

4600
3000

......... _1 _ _ _ _ _ _ 1_ _ 5~:_ 1~:
'.6 Oscillograph
1" --2-50-- .--5-0-

I

75

Dehctloo
Sc.een
Max.
Sensltlvlly'
101>111
Input
Voltag. • Power'
0.0. 1 0,0.
-----2.-5-

3000
1000 .--

El8Ctrott<iifcc.tiiod":Rey

1800 IEleel.ome:oe,;c

25

I

- '---~

1

914

250

:~~ - 80
-- 7000 --l-c~ - - 4600 --

~ EI.ct.o.talic Calhode-Rey

~
..

75

I--:~~

9"

---1-·.
901
t:leclro,leUcC.thOd.. Ray
~ EI.ct.oslallc"c..thode-Rav
~ Elect.ott.iic Cathode-Rey

SignalSwing
Voltage

1000

9" 1_ 7000 1425
6000 1225
7000 1460
1tn
6000 -1240

2"

I

Grid
No.2
Voltage

Cut-Of!
Grid
Voltage'

.,---,---

10

0.5

2005

0.56
Gr....n

24-XH

'The 911 I. identic.llo 906 except for the gun mote'ial, which is
designed to be .. peel oily fr_ from mognetizotlon .!feeis.
• Cathod. connected to pin 7.
, Refer to Cethode-Rov Tube Base Diog.oms.

TABLE Xill-RECTIFIERS-RECEIVING AND TRANSMITTING
See also Table XI-Control and Regulator Tubes
Type
No.

SA

Full·We•• RediAer

SH

Full·We •• RediAer

BR

Hall·W••• RediAer

OZ4

----.-......

Full.We.e ReetiAer

-

4-pin M.

Cold

4-pin M.

4)

Cold'
Cold
Hir.

4G

Htr.

Hon·We.e RecURer

4-pin S.

Holf.W••e RedlAer

4·pin S.

2V3G
2W3
2X2

_

._-

2Y2

...

2Z2
5T4

-

HolI.Wo.e RedlAer

Full·We.e RediAer
Full·W... RectiAer

-,---

--

........

Tube drop 80 v.

G

Tube drop 90 v.

G

Tube drop 60 v.

G

300

50

350

30-75

350

50

....

350

50

0.3

2.5

5.0

2.5

1.5

350

55
7.5

---

FII.

~

350

6.3

- -I - - - -

-

2.0

M.

4B

Fit.

2.5

1.75

4500 u

4-pin M.

4P

Fil.

2.5

1.75

4400 11

5.0

1.5

350

50

3.0

450

250

4S

4-pln'M.

12.5

Fil.

5.0
5T
FlI.
---_.
1 - ---

S·pin O.

5T

8.pin O.

1--

5l

5.0

fit

5V4G

Full·W••• Rectifier

S.pin O.

Full·W••• RediAer

5.pin O.

5T

FII.

4.pin M.

4C

Fil.

50

Fil.

Htr.

~-----

-

0.3

1-

Type 1

350

---

-

6.3

Fil.

5W4

.-........

M
400
- - -I -1 V
1000

-- --- -I -

16500

V

12

--- ---- ------- ---- ---

V

V
V
V

I-

800

1250

V

V

Some e. Type 5Z3

3.0

G

200

1250

1V

Some e. Type SlV

5.0

2.0

5.0

1.5

350

5.0

2.0

1275

5.0

3.0

Some.s 5Z3

V

5.0

2.0

Some os Type 80

V

1-

110
30

-

1000

-

-

V

5X3

Full·Wove RecliAer

5X4G

Full.We.e RecliAer

8.pin O.

5Y3G

Full.We.e Rectifier

5·pin O.

5T

Fil.

5Y4G

Full·W••• Rectifier

S'pin O.

50

FII.

5Z3

Full·W••• RediAer

4-pin M.

4C

FII.

5.0

3.0

500

250

1400

5Z4'

Full.Weve Redifi.r

5.pin O.

5l

Htr.

5.0

2.0

400

125

1100

-

6S

Htr.

6.3

0.9

350

100

1250

350

Htr.

6.3

0.5

350

75

4G

Fli.

6.3

0.3

350

50

V

5D

Htr.

6.3

O.S

350

50

V

6K

-,-

---

, ~.-

--

...

6W5G

Full·Wo.e RectiAer

6'pin O.

Full·W.ve RediA.r

6-pin O.

6Z3

Hell·W.ve RediRer

4-pin M.

6Z4

Full·We.e RediRer

5·pin S.

_6ZS
..

Full·Wove Rectifier

6-pin S.

--_.

I -

~---

6ZYSG

Full·Wo.e RediRer

6-pln O.

7Y4

Full·We.e Redifier

12A7

Rectilier-Penlode 14

8'pin l.
.. -7.pin S.

12Z3

HIII·W••e RediAer

4-pin S.

12Z5

Vollap·Doublins
Rectifier

7-pin M.

Hell.We.e Redi Aer

4-pin S.
._-

14Z3

- - -I -

1·····_···········_·

6X5'

-

4X

5·pln O.

Holl·W... R.dl

Hall·Wo .. Redifier
3

5U4G

-

Hell·We•• R.ctiner

6BA

- 1
--

- - -1 · - -

6·pin O.

-

-------~-

---"-- 1 -

..

H.lf.W••• R.cUA.r

---

1 - - -----.--

4R

l'

--_.

Cold

4G

Amps.

-

4)
4)

1·V'

---

Volts

4-pin M.

6-pin O.

M ...
Max.
Max.
Peak
D.C.
A.C.
Output
Plele
Volle,e Current
Current
Per Plete
Me. l i r e M ••

Fi I. or Heater

Soclcet
Connee· !Cathod.
tions 1

Bose'

NOllie

- - _...

--5.0-12.0

- - - - - -I -

-6S

- - - - -..

I

Hir.

6.3

0.6

230

6S

Hir.

6.3

0.3

350

5AB

Htr.

7.0"

0.53

350

7K

Hir.

12.6

0.3

4G

Hit.

12.6

0.3

250

7L

Htr.

12.6

0.3

225

- _ . - - -1

I·····

---

............

-

-_.

4G

14"

0.3

SF

H!r.

25

0.3

25X6GT Vollape-Doubling
R.difier
..
25Y4GT HIli-We.e RediRer

7.pin O.

70

HIT.

25

0.15

6-pin O.
..-.....

5AA

Hir.

25

0.15

6E

Hir.

25

0.3

,~

Voltage·Doubllng
Redifier

6-pin S.

25Z3

Helf·We.e RectiRer

4·pin S.

25Z4

Hell·We.e Redifier

25Z5

RectiRer·Doubler

6-pin S.

6E

25Z6

RectiRer-Doubler

7.pin O.

70

RectiRe.r.Tetrode 14

8·pin O.

SF

Hir.

H.II·Wave RediAer

B-pin

4Z

Htr.
Htr.

i---·

~

~~!

--

.--.

6-pin O.

_-

l.

_.....4G
5AA
--~

35Z4GT HIII-W••e RecliRer

6-pin O.

5AA

Holf.W ov. RectiRer

6-pin O.

6AD

-

35Z5G

--V

---

V

60

35

60

---

.250

1000

V

150

V

I-

30

V

60

V

60

-

-

V

I~ - - - - - -!-y

V
-- --125
60
V
- - - ---- ----125
75
V
-- --- - ----250
85
V
- 125

75

---

-

- - - ---

I-

25Y5

.........

V

V

I - - - - _.-.........

--_. 1--.:;;;:- --- - - - - - -

8'pin O.

-

V

-

-- --- - - - 1-- - - ------- ---'--' ---.------ -----i-y
- - ---- --- '--,---- - - -- - - - - - 125
------------ 1-

25A 7G I RectiAer-Penlode 14

- - -...

Som. 01 Type 80

V

------ ---.
--25
Htr.
0.3
250

50

Hlr.

25

0.3

125

125

Htr.

25.0

0.3

125

100

0.3

125

100

32.5

0.3

125

60

35

0.15

2501>

100

0

250

100

0.1

125

100

1-

. Htr·i25:0

1Hir.

-I~I
~I
35

303

--

--

500
1-

--V
V
V
._-

500

V

--

V

I~I~
-- -

V
V
V

TABLE XIII- RECTIFIERS - RECEIVING AND TRANSMITTING - Continued
See also Table XI-Control and Regulator Tubes
Type
~o.

Name

8Ma'

Soeket
(Oftlloe.

lions 1

Calhode

Fit. o.

-,-~,

""

35Z6G

-'-

Voltage Doubler

6-pin O.

6AD

H:~~_ ~~~~
p~;

Vol I! ,Amps.

HI••

35

1~~~I~f::

- " -

0.3

125

110

Hall-Wave RediOe.

6-pln O.

6AD

Hit.

40'

0.15

125

100

Hair-Wave Redlner

6-pln O.

6AD

Htr.

45 '

0.15

125

100

SOY6GT

Full-Wave RaeilRe.

7-pln O.

70

Hlr.

50

0.15

125

S5

50Z6G

Voltage-Doubling
Reelln ..

7-pln O.

70

Hir.

50

0.3

125

150

50Z7G

Voltage-Doubling
RecilO ..

8-pln O.

8AN

Htr.

50

0.15

117

65

1OA7GT

RecilAer-Tetrode

H

S-pln O.

8AA

Htr.

70

0.15

~

60

70L7GT

ReetiRer-Telrode

H

8-pln O.

8AA

Hit.

70

0.15

117

70

2.0

350
400
5506

125
110
135

4OZ5GT

---

~-

-,-~,

I~-

Full-Wave Reetlne.

4.pln M.

4C

Fil.

5.0

-I
-I

-- --

-,~

80

,~

-- I=-I~~

-,~

45Z5GT

Cti.~t
I~-

V
V

l--~-

------

--350

---

V
V
V

1-,V

!V

Half·Wave RectiRer

4-pin M.

4B

Fil.

7.5

1.25

700

85

at

Full-Wave Recll&e.

4-pin M.

4C

FII.

2.5

3.0

500

125

1400

400

83

Full-Wave RecliRe.

4-plnM.

4C

Fil.

5.0

3.0

500

250

1400

SOO' I~

UN

Full.Wave Reeliner

4-pln M.

4L

Htr.

5.0

2.0

400

200

1100

84/6Z4

Fun·Wave ReetlRer

5-pln S.

50

HI •.

6.3

0.5

350

60

1000

RecilOer-Tetrode

S-pln O.

SAO

HI•.

II
-~

-.-,~

~~

14

_.-"

117

0.09

105

75

117

75

117

75

117

60

117M7GT Recli6er-Telrode 14

8.pin O.

SAO

HI!.

1117

0.09

117N7GT Rectifte.-TeIrode "

I·pln O.

8AV

HI ••

11'

0.09

117Z6G FuIl·Wave RectiRer

7.pln O.

7AR

Hir.

11~~.5

A'

HI!.

2.5

836

Half-Wave RectiRer

4-pin M.

866

Half-Wave RecliRer

4-pln M.

866-A
866B
866Jr.

~~

1--- -

-- V
V
-- i-y
-- -- 1
-- -- 1V 350

450

V

--

--

V

5000

1000

to

7500

1000

10

110000

1000

M

8500

1000

M

3500

--

M

250'" 10000

1000

M

500

M

-

V

- . -1 -

-- --- 250
-- 250
-- --

5.0

Fil.

2.5

5.0

Hall·Wave ReeURer

A'
1-4-pinM.
A'

Fil.

2.5

5.0

Half·Wave ReetiR ..

4-plnM.

A'

FII.

5.0

5.0

Hall-Wave Reellner

4-plnM.

4B

Fil.

2.5

2.5

1250

250'

HY·866 Jr. Hall·Wave Reetlner

4-plnM.

A'

Hir.

2.5

3.0

1250

250'

5.0

.-

RK·866

Half-Wave RectlR ..

4-pln M.

A'

Fil.

2.5

_._'

- -__

871

Hall-Wave ReeliAer

4-pln M.

A'

Fil.

2.5

2.0

1750

Hall-Wave Reetiner

4-pin M.

A'

Fil.

2.5

5.0

7100

Hall.Wave RecURer

4-pinS.

A'

Fil.

2.5

2650

Hall·Wave RecURer

4-pin J.

Fil.

5.0

Half·Wave RecURer

4-plnJ.

FII.

5.0

10.0

97SA

Hall·Wava RecURe.

4-pin J.

Fil.

5.0

10.0

1616

Hall·Wave RecllAer

4·pin M.

P'
P'
P'
B'

1.75
110.0

Fi!.

2.5

5.0

RK19

Full-Wave RecllAer

4.pln M.

B'

Htr.

7.5

2.5

Hall.Wave ReetiRe,

4-pinM.

A'

Htr.

2.5

4.0

- -..
878

..

_.-'

879 11

m.A
--'

1--

.,_.-

250

5000

5

20000

7.5

7500

-- --- --- 1500
-- 130
1-.,

'100- ! - V

7500

5000

,10000

5000

,15000

6000

5500

800

3500

600

1M

M
I~M
, -

10

V

l-y-

1250

200

1250

200 10 1-3500

600

V

200 10

3500

600

V

250

2120

~

RK21

M

"

~-.

872

V
1-'M

,--,

~

11

V
M

I---~

RKl!2

Full-Wave RediAe<

4·pin M.

B'

Hit.

2.5

8.0

1250

RK60

Full-Wave RaciiAer

4·pln M.

B'

Fil.

5

3.0

750

, Reier to Receiving Tube Diagrams.
, M.-medlum; S.-1mall; O.-oetel, L.-Lolctel; J.-/umbo.
• Melal tube se,ies.
• Reier 10 Transmiltlng Tube Di.'r......
, Types 1 end I-V Interchangeable.
• With Input choke 01 eI least 20 hanrys.
'M.-MOfCUry·y.Por type; V.-hlsh-yecuuII type; G.-<leseOllS Type.
ITapped lor pllolllDlPf"

V

, Per pair with choke InpuL
I. COIIden.er input.
11 For use with cethod..rav lUbes •
l'Maximum rating, corrupending to 130.volt line condilion,
normal raling I, 12.6 v. lor 117·y. line.
13 With 100 ohm. min .• eslsten.e in series with plate; without
serle. ""I$lor. maximum r.m ••. plate rallng I. 117 volls.
"For other <lebo, ..... Table IX.

TABLE XIV - TRIODE TRANSMITTING TUBES

Type

Max.
M.x.
Cathode
M.x.
D.C.
M.x.
PI.te
PI.te
PI.te Current
Grid
Di .. ipa·
Yolt.ge M •.
tion
Current
•.
Amp
W.tts Yolt.
M •.

Amp.
F.ctor

Intereleclrode
C.p.cit.nce. (""Id.)
Grid
to
Fil.

Grid
to
PI.te

PI.te
to
Fi!.

------0:12 ~ ------w- ~ -----s:o 3:5 s:s 3":0
------0:12 250 ------w- ~ 10:"5" 3-27 3-27 ~

B••e'

Socket
Con nee ..

tions

Typic.1 Oper.tion

1

- C - cr ...·C Amp.·O.cill.tor
- Y - cr ...·C Amp.·O.cill.tor
CI ...·C Amp.·O.cill.tor
180
15
20
1.2
1.7
0.6
5.pln
O.
Y
2.5
1.4
0.12
4.0
HYl14 *
cr...·C Amp.• PI.te·Mod.
--cr ...·C Amp.·O.cill.tor
1.7
3.5
6.3
0.15
300
1.5
1.7
5.pin O.
Z
20
4.0 22
HY615 *
cr...·C Amp. PI.te·Mod.
~- --:;os ~
300
20- -1-3- ~ ----u7·pin M.
cr ...·C Amp.·O.cill.tor
cr ...·C Amp.·O.cill.tor
5.2
4.8
3.3
1.6
400
10
7.2
4.pin M.
C
14
4.5
50
2050
...·C Amp. (PI.te·Mod.)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - cr
cr ...·C Amp.·O.cill.tor
0
4.0
4.5
4.0
450
40
7.5
7.7
5.pin M.
15
2.5
2.5
843
cr ...·C Amp. (PI.te·Mod.)
~ 1":0 4·pin M.
cr ...·C Amp.·Osciliator
~ ~~
RK59 8 -1-5- ~ 1":0
cr...·C Amp.·O.cill.tor
15 I4
5.0
5.0
1.9
6.3
2.5
500
75
15
45
4-pin M.
W
HY31Z 11
cr ...·C Amp. Plate·Mod.
--- --------- --- --- --- ------ --- --- --cr...·C Amp.·Oscill.tor
20
10
5.pin O.
Y
6.3
100
15
2.5
450
HY75
cr ...·C Amp. PI.te·Mod.
~
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - cr
••s·C Amp. (Telegr.phy)
'" 7.5
15
8.0
4.0
7.0
3.0
4-pin M.
15
1.25
450
60
C
1602
Amp. (Telephony)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - cr.ss·C
cr ...·C Amp. (Telegr.phy)
4.0
20
30
7.0
3.0
7.5
1.25
15
450
60
4·pin M.
C
841
cr ...·C Amp. (Telephony)
--- --- --- --- --- --- --- --- --- --- --- --cr ...·C Amp. (Telegr.phy)
10
3.0
7.5
450
15
8.0
8.0
4.0
4-pin M.
C
cr ...·C Amp. (Telephony)
15
1.25
65
RK10 16
Grid·Modul.ted Amp.
--- --- --- --- --- --- --- --- --- --- --- --cr ....C O.cill.tor 10
23
100
40
19
3.0
HH
15
6.3
0.9
150
250
6·pin M.
RK100 16
cr....C AmpliRer 10
--- --- --- --- --- --- --- --- --- ------ --cr...·C Amp. (Telegr.phy)
8.5
2.5
2.5
25
20
4-pin M.
C
9.0
3.0
20
425
95
1608
cr ...·C Amp. (Telephony)
--- --- --- --- --- --- --- --- --- ------ --cr ...·C Amp. (Telegr.phy)
4.0
7.0
4.pin M.
7.5
1.25
600
70
15
8.0
2.2
C
20
310
cr.ss·C Amp. (Telephony)
--- --- --- --- --- --- --- ------ --- ----cr...·C Amp. (Telegr.phy)
8.0
4.5
6.0
1.5
15
7.5
1.25
600
70
4·pin M.
C
20
801
cr...·C Amp. (Telephony)
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - cr...·C Amp. (Telegr.phy)
20
7.5
1.75
4.9
5.1
0.7
4-pin M.
25
750
85
20
F
T20 9
...·C Amp. PI.te·Mod.
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - cr
cr ...·C Amp. (Telegr.phy)
7.5
30
62
5.3
5.0
0.6
1.75
750
85
4·pin M.
20
F
TZ20 •
cr ...·C Amp. PI.te·Mod.
--- --- --- --- --- --- --- --- --- --- --- --cr ...·C Amp. (Telegraphy)
4-pin M.
25
7.0
7.0
0.9
crass·C Amp. Plate·Mod.
750
35
6.3
3.0
105
20
F
RK11
Grid.Modulated Amp.
--1-.5- ~
~
~~
RK33 "

------o:s-

-----so

---o:s-

4-pin S.
7·pin S.

---cc

---

----sao

-----s:o-

-- -- --

---

----w-

Approx.
D.C. Approx.
PI.te
Grid
Carrier
Grid Current
Grid Driving
PI.te
Yolt.ge Yolt.ge M •.
Current Power Output
Power
M •.
W.tt.' W.tt.
~---=--45 ~ ~
~
~ -22.5 -1-5- 1 T
1Ii() -22.5 --15- ~

250 - 60

------w-

Type

------o:s- ~ ~
~ ~
0":15 -----rro HYl14
------0:54

----0:25 ~
---=---35 -----w- 1 T ~ ~ HY615
300 ---=---35 --w- ~ 0:4 ~
300--=-36 -so ----w- ----:r:s -1-6- ~
---;wo ---=-112 ~ -1-0- 1":"5 -1-0300

------aso -1 44 --35- -10- ~ -----u-- 2050
~ -140 ~ ----s:o 1":0 ------u843
------aso - 1 50 ~ -1-4~ ~ --s:o
-1-.3- -3-2- ~
500 --=--60 ~
-12- -1-.5- -2-8----sao ---=---35 -7-5--75- -1-5-2-1- HY31Z
~---=--45
2:"0
-3-3~---=-90 ~ -1-5HY75
~ -90
~
~--=-115 --55- -1-5- ~ -1-31602
-13 5 ~ -1-5- 3 : 5
-1-5- -1-.8- -1-5~---=--34

-----so ----w-

------aso

-s:o-

----so
---rn> ----=--47 ----so --152:0 -1-1- 841
~ -100 6 5 -1-5- ----u- -19--1-2- 2.2 -12- 10
---rn>
RK10
- - - --100
- - ----so
450

-170

40

1.0

2.4

6.0

110110-

---so s:o -==-3:-5
2:1-1-2- RK100

~ -150

65

~~

-m- - 90 --85~ ----w- 3":0~
1608
ia------aso --=--so
-1-5~-1-8-

---U-~

310
-190 --55- -1-5- ----;u- -1-8~ -150 6 5 -1-5- ~-2-5-1-5- ----;u- -1-8- 801
500 -190 -5-5- -1-8----u-~
750 ----=--iI5
-1-5-3-8- T20
750 -140

500

----as

----u---=ro~~
----as ~ -----;u-38-- TZ20
---=ro- -2-1~
----u- -5-5-

750 -40
750 -100
750 -120 105
600
750

----as

-120
~ 3 : 7 - 3 - 8 - RK11
----u-[-1-2-130 -3-8-

----u-

TABLE XIV - TRIODE TRANSMITTING TUBES - Continued

Type

Max.
Plate

Cathode

Dissipation

Volts

Watts

1

Max.
Plate
Amps. 1 Voltage

Max.
Plate
Current

Ma.

Max.
D.C.
Grid
Current
Ma.

Interelectrode

Amp.
Factor

Capacitances (""Id.)
Grid
to
Fil.

Grid
to
Plate

Plate
to
Fil.

Base

~1---;;-1-;';-1-;:;-1~1~1---:;-1~1-:;;;-1-:;;;-1-;;:;-14-Pin
_______________

Socket
2

I

Connec-'

Typical Operation

tions 1

M.I-F--Iclass-c Amp. (Telegraphy)
Class-CAmp. Plate-Mod.

------------------ ------

~~Class-CAmp.(Telegraphy)

APP,ox·IAPprox.
Grid
Carrier
Plate I Grid I Plate
Voltage Voltage Current Current Driving Output
Power
Power
Ma.
Ma.
Watts' Watts

I 8;f;j

750
600
2000

Class-C Amp. Plate-Mod.
1.7
4-pin S.
3.0
75
0.4
2000
25
2.5
F
25
6.3
HK24
30
_ _ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ' _ _ _ 1_ _ _ 1_ _ _ _ 1_ _ _ Grid-Modulated Amp.
c,ass-c Amp.-Oscillator
F 3 Class-C Amp. Plate-Mod.
5.1
4-pin M.
25
6.3
2.25
850
90
4.9
1.7
25
90
HY30Z
_ _ _ _ 1_ _ _ 1_ _ _ 1_ _ _ 1_ _ _ 1_ _ _ 1_ _ _ 1_ _ _ 1 _ _ _ 1_ _ _ 1_ _ _ 1 _ _ _ _ I
Grid-Modulated Amp.
Class-C Amp. (Telegraphy)
Cla,.-C Amp. Plate-Mod.
75
4.6
4-pin M.
7.5
2.25
25
800
1.0
55
4.2
HY25
F
25
____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
___
___
Grid-Modulated Amp.

1sOO

1623'
30
6.3
2.5
1000
100 ---;;- 20
---;:;- 6.7 -;;:;- 4-pin M. -F--Class-C Amp.-Oscillator
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Class-CAmp. Plate-Mod.

1000
750

I

Twin 30'11
30
6.0
4.0
1500
85
25
32
1.9
2.0
0.3
4-pin M.
____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ____

----roo-

'" 316A*
30
2.0
3.65
450
80
12
6.5
1.2
1.6
0.8
None' ---Class-C Amp. (Telegraphy)
~ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___
Class-C Amp. Plate-Mod.
809'
30
6.3
2.5
1000
125
50
5.7
6.7
0.9
4-pin M. - F - - Class-C Amp. (Telegraphy)
_________________________________
Cla .. -C Amp. Plate-Mod.
- - - - - - - Cla .. -C Amp. (Telegraphy)
16
Class-C Amp. Plate-Mod.
2.5
15
2.75
2.75 1 4-pin M.
35
7.5
RK30
1250
80
25
E
3.25
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Grid-Modulated Amp.

450
400
1000
750

I

I

--ss-- ----

45 --75- -1-5- 2 : ( )
--=--45 --75- -1-7-

_ -1 00
-100

~

1250
1000

-175
- 200

~~

~

s:o- ~ HY25

---so --- ---

- 90
-125

-- 75
- 60
-180
--200
-140

1000

------12.5"

-

~

1500
1250

800
35
7.5 1 3.2511250 1 80 1 25 115
I 2.75 1 2.5 I 2.7514-Pin M·I E
ICla .. -c Amp. (Telegraphy)
____ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___
Class-C Amp. Plate-Mod.
- - - - - - - Class-C Amp.-Oscillator
None 3
Cla .. -C Amp. Plate-Mod.
2.0
2.0
0.4
40
3.5
3.25
1000
60
15
23
1628 *
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Grid-Moluiated Amp.
RK1816
40
7.5
3.0
1250
100
40
18
I 6.0
4.8
1.8
4-pin M.
F
Class-C Amp. (Telegraphy)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1_ _ _ - - - - - - - - - - - - - Class-C Amp. Plate-Mod.
RK31
40
7.5
3.0
1250
100
35
170
7.0
1.0
2.0
4-pin M.
F
Class-C Amp. (Telegraphy)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Class-C Amp. Plate-Mod.
Class-C Amp. (Telegraphy)
115
1.8
4-pin M.
Cla .. -C Amp. Plate-Mod.
6.3
HY40
7.5
1000
25
25
5.8
F
40
2.25
_ _ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ,_ _ _ ' _ _ _ 1_ _ _ 1_ _ _ 1____ 1_ _ _ 1Grid-Modulated Amp.
Cla .. -C Amp. (Telegraphy)
HY40Z
7.5
115
5.8
6.3
4-pin M.
2.5
40
1000
30
80
1.8
F
Class-C Amp. Plate-Mod.
____ 1_ _ _ 1_ _ _ 1_ _ _ 1_ _ _ ' _ _ _ 1_ _ _ 1_ _ _ 1_ _ _ 1_ _ _ 1_ _ _ 1____ 1_ _ _ 'Grid-Modulated Amp.
Class-C Amp. -Oscillator
7.5
0.8
4-pin M.
40
2.5
1500
150
40
25
4.5
4.8
F
T40'
Class-C Amp. Plate-Mod.

---so

~ _~ ~

Class-C Amp. (Telegraphy)
Class-C Amp. Plate-Mod.

X

-100
105
35
5.2
55
---100
85
27
3.8
32
RK12
-140 ~-1-8-~~----145
-2-5- ----s.5- ~ HK24
-120
25
1.0 ~ -1-5-- 75
90
20
2:0- 75 ~ -2-5- ~ ~ HY30Z

1500
850
700
750

Type

100· 20
100
20
8

150
1358

40
40

80
80
1 00 ~
100

12
12
25
32

3.1
4.0
8
8

15
15
-3.8
4.3

-~ -1-8-----s:2-~

12.5

13

75
55
225
125
7.5
6.5
75
55
85

--1623
-.TWIn 30
316A
1

809

--so-- -1-5-~ ~IRK30
4 0 -1-.-5---1-.5- ~
70
70

15
15

4.0
4.0

65
50

1

8

00

1000 -=-65 ---so -1-5- ~ ~
----soo -100 4 0 -1-1-1."6 ~I~

---so

1000
-120
~ S:O--W-1250
-160
100
12
2.8
95
I
RK18
1000
-160
80
13
3.1
64
I
1250 _ - 80
100
30
3.0
90
RK31
1000
- 80
100
28
3.5
70
1000 -=-90 115 ~
~
-=-90 ~ -1-5~IHY40

s:o---rs1000 - - - ~ - - - - - - ~
1000 -27.5 115 ~ s:o- ~

----sso-

----sso- ---=---30 ~ ~ ~ ~IHY40Z
1000 - - - ~ - - - - - - 20"
1500
-140
150
28
9:0- ~ 1
1250
-115
115
20
5:25 ~ T40

TABLE XIV - TRIODE TRANSMITTING TUBES - Continued
I Max
Pili';

Calhode

I

Me ".
Plate
Volts I Amps. I Vollege C:..,,:,I

I &'d

Max.
DC 1

C~~I

Amp.
Facto,

Grid
10

Base'

IConnec·1
Sockel
lio.,'

D'C'I
Grid
Currenl
Ma.

Typical Operalion

Fil.
48
45
62
.
- - - -.-- - - 25
50
4.9

ApPlo •.
Grid
Driving
Power
W.tts' Walts

Type

50
08 -4-.p-in-MF
ICI ••••c..I\.mp._0.cl-II.-'0-'-.-_I···1-5-00-..
... --90- _-1.-50-_- -38-- -10-••
.
Clas..C Amp. PI.le·Mod.
1250 -100
125
30
7.5
- - - - - - - - - Cla$"C Amp. (teleg,aphy)
~-48110 -15- ~
HY57
40
6.3
2.25
850
110
5.1
1.7
4-pin M.
F
CiHS-C·Amp. Plale.MOd.··- -Jor)- --45--90- -1-7----S:O'
___ _ _ _
IGrid.MOdulated· Amp.
~--- ~ - . - - - - ~~
_2.74~pinM.
C_9a$,-CAmr:>IIR,er
.8.50
-110 . 25
_ _ _ I.--=:::~_I~~~--=_
.....!~ __2.0
2.7
4-pin M.
C
CI....C AmpliA.r
850
110
20
'301'
40
10
2.15
750
110
18
80
49
99 -----;--;-~_;~-C-·9a...cAmpIiRes
-750 -1~().' 110
18
'7;0
5.5
830
.
.
.
.
p.
Grid.Modulaled Amp.
1000 -200
50
2.0
3.0
15
1____
Rk32 *1'
50
7.5
3.25 1250
100
25
11
25
34 ----;.;- 4- 'n M
E
C::la ...C ~mp. (Teleg'-~ 125(). -22.5.. ...JOO
14
4.8 __.9.0
Rk3i
._ _ _ _ _ _ , _ _ _
_ _______
'_.
.
PI.
CI ...·C Amp. PI.te.Mod.
1000 -310 ~~1__ ~ -CI.....c Amp. (Telegraphy)
1500 -250
115
15
5.0
k35
7.5
4.0
1500
125
20
9.0
3.5
2.7
0.4
4-pin M.
E
CiHS-C·Amp. Plale.MOd:·'-1250- -250 -100 ~~
Rk35lJ!
Grid-Modulated Amp.
1500 -180 .
""2.()1--'~_I _ __
- - - 1 - CI....C Amp. (Telegr.phy) -1500 -130'11"5 --ao-- -7:0''" Rk37
50
7.5
4.0
1500
125
35
28
3.5
3.2
0.2
4-pinM.
E
CI••••CAmp.·.,..Ie-Mod:· 1250' -1501oo-~~'
S
Grid:ModulatedA;;;-P:--- 1500 ------so ---so - ..--'- ~
--- ------------CI.,s.CAmp.(Telegrapj'y)-1i50- -2251-125----ro-7.5
50
UH50
7.5
3.25 1250
125
25
10.6
2.2
2.6
0.3
4-pln M.
E
Ic::l ....C Amp. Plale-Mod. . 1250 ' - 325 .1 125.
20
.2 0 ,
_ _ _ ,.___ ,_ _ _ ,____.
______
Grid.Modulated Amp.
1250 -200
60
2.0
3.0
Cla.. 'C Amp. (Telegraphy) '. 2000-' -500 150 ---ro-15'
cr...:cAmp. Plale.Mod-.- 1500 -400 ----u;s -'2'0-"-' -1-5-50
6.5
5.0
2000
25
UH51 *
175
2.3
4-pin M.
10.6
2.2
0.3
E
Grid.Modulaie.:t Amp.
' -1500- ~400'
85- ~ -s.o . I-"-:'~~_I._,. _ _
CI ••••C Amp. (Telegraphyj- 3000
- 290 '100' -2-5-1-0-50
30
27
1.9
1.9
0.2
4-pin M.
E
CI•••.cAmp. Plate.Mod: . 2500' -=-250 100- ~. 8.0Hk54
5.0
5.0
3000
150
___ ___
Grid.Modulaled-";;;-P:--- 2000- -150·
-,-:s ~
..c Amp. (Telegraphy) ,-'1500 -=-S90--:r67---ro--1-5-Hk15416
6.5
1500
175
30
6.7
4.3
5.9
1.1
4-pinM.
E
Class·C Amp. PI.ie:MO"I.·-!12sO-=·460 ·-·1j()----ro-~
Grld.Modulaled Amp. ..·-1: 1500 -450~ -=::: .. 5:0Jgj:-:6
50
7.5
3.25 1250 ~·-;;--1-1- 20
25 ~~n M -E--Cla'$..cAmp.crelegrap~ 1250" -2()O
100..: - - - - , 1_ _ _ _ 1
__· - I '
.
p.
CI.,s..c Amp. Plate·Mod.
1000 -180
100
356A
50
5.0
5.0
1500
120
35
50
2.25 - ; ; - ~ Special
DO c1a"::C~(T..legraplty)
1500- ~----60 100
_ _ _ _ _ _ _ _ _ _ _ _.
______
CII"'C Amp. Plate·Mod.
_~.2.5<>-.-=!~~~I---..-c=-.h7.;-_
808
50
7.5
4.0
1500
150
35
47
5.3
2.8
0.15 4-pinM.
E
Class.CAmp.(Telegr"p-".YL..~ -200 ~'~'I~";:;:.-I--7-::':::---·
Cla$S'C Amp. Plate-Mod.
1250 -225
100
32
1500

150

-----a7 ---

---

--- ------o...

-----a9"

:::=: ---

____1_________
834*

50

7.5

3.25

1250
100 -;-~ 2.2
2.6 ~~;i;;-M.
E
Ci.~CAmP.(releg'al>!!!L-. 1250 -225-_90_ 15 ·I~-:::=c-I-;;..-h=;;;-I~=__ I-=:__I_,. .:;-I-=;--I-=;:-I-=:--I-.----;---;-.-!____c___-ICI.ss.C Amp. Plate·Mod.
1000 -310
90
17.5
.1-:",,;c.;;-'1-7::-.I-~;-+~7;:-.I-='-I-';;';=-'I-=~ T~7i'·i-·"--'ICI
CI...
••s·C
Amrlili...
_._- - - - - - - - ..c AmPlifier

TABLE XIV - TRIODE TRANSMITTING TUBES - ContinueJ
M ax.

'""
'"-th a d e

~Iale

Type

I DI~$lp..
lion
W.1Is

Y--55

5

I

5

V I"

0..

75
.

IA

I I

Max.
M ax.
Max.
Plale
D.~.
Plale . Currenl Gild
Voltasel M
Currenl
mp..
••
M..

30
.

1500

150

40

Amp.
Faclor

20

Capaeitances
",,,Id.)
Intereleetrode
G id
t'
"
Fl!.
SO

PI I

I" •

?

Socket
C?nnee.
lions 1

I

Typleal Ope,.tion

FII.
39

12
.

55
•

06
•

- - - -. - -. -

;--63
40
1500
150
50
160
55
11 •
55
.
.
.
------,---------------812'
55
6.3
4.5
1500
150
35
29.~

,
Base

4-1 M
p n.

F

[

[

D.C. [A pp!"'.. [A PP~ox.
Plat.
Grid
Plale
Grid
~rd
C.",.r
vOII.sel VoUage Currenl Currenl Dllvins Output I Type
Ma.
M
Pow., Power
". W.It., Watts

m--

~1.Si,C~,,!!,.(Tel ..!!!:~phY?_.-:!.50~' -17~ 150
18
6.0_1 170
O.ss.C Amp. PI.le.Mod.
1 500 -195
125
15
5.0! 145
-9 ..s-C Amp. <Telel/r.phy)
1500 ~~~~-~811

4- 1 M
F
p n.
CIa...C Amp. PI.le.Mod.
1250 -125
125
50
11
120
.
---'CI....C'Amp.(Telesr.phy)
1500 -175 -150~-6:S-~--5.3
O.S
4·pjnM.
F
Class.CAmp.PI.I... Mod_._~ -125
125- 25
6.0. 120
~
CI•••·C Amp. (Telegr.phy)
1500 -250
150
31
10
170
RK51
60
7.5
3.75
1500
150
40
20
6.0
6.0
2.5
4-pinM.
F
CI...:.cAmp.PI.le.Mod.
1250
-200 165--1-7--U-'~RK51
Grid·Modulaled Amp.
;-500 -=-130 ~ -OA ~ ~
----- --CI ....c Amp. (Telegr.phy)
1500 -120 13ij7J)" cf35 - . _ \ - - RK52
60
~ 3.75 1500
130
50
~ ~ ~~ ,4-p ln M .. ~ clO...c Amp:p.l.ate-MOd-.- "1250" -12,0, 115 _.47 " ~:5' 102
~
830B
C.....cAmp .• OiCIU.lor _
1000" -110 ~~~~830.B
930B
60
10
2.0
1000
150
30
25
5.0
11
1.8
4·pin M.
F
9 ....C ~"'P. Plate:~ ~ _ -150 ~ ~._ ~~ ~. 930-B
CI ...·S Amp. Telephony
1000
35
85
6.0
6.0
26
HY51A
75
35
ICI•••• C Amp:Jrelegr.ph~ ..1.0~~.12.L. ~ ~ l1.2 HY51A
65
10'
2:25 1000
175
25
25
6.0
7.5
2.0
4-pin M.
F
ICI... ~C Amp. Plate-Mod.
1000
- 90 ~O __ ~5___1.·5_ ~ HY51B
HY51B
Grid.Modul.led Amp.
1000
100
33 '"
--------- ···-------1------------Cla••·C Amp. (relegraphy)
100J -27.5 175
~--2.0 l4-pin M.
F" !CIO••.c Amp. PI.le-Mod:·· 1000
HY51Z
6.0
7.5
85
HY51Z
35
7.5
3.5
1000
175
65
Grid.Modvlated Amp.
1000 . - - - -100~
CI•••~C Amp. (Tele9r,p~.v! __ 1S00
-170- 150 ... 30
170 -IUH35
4-plll M.
F
35
30
1.4
1.6
UH35*
1500
150
5.0
4.0
0.2
70
CI•••·' Amp. Plale·Mod.
1500
-1!!0
100
30
ao
CI....C Amp, (Telegr.phv)
1500 ... -120 "'""15() - 30"170-~~~G
70
5.0
4,0
2000
150
35
30
~:~
1.9
0.2
4·plnM,
F
5=1 •••.·.CAm!>.PI.I... MOd.···- 1500 -120.-12
30,
1!!0_135T
___
_
___
_ _ _ I~ Gri,j.t:v!0dul.led Amp.
..2000 -=:4<lf! ~_ ~
~
V70
10
25
1500
140
25
14
50
90
23
4-p!nJ.
M' CI••••CAmp.(relegraph)'L~ -215 ~~
~V70
V70B
I '
•
M.
F
CI...·C Amp. Plale·Mod.
1250
-!!50
130
6.0
120
V70S
- - -7
- - -0
- - -.
-------..- •
-4-pln
..- .. - - ..
..
. . . . - . . .- - -.. - - - - ...--V70A
10
25
1500
140
20
25
50
95
20
4·pin J.
M 4 CI ...·C Amp. (Telegr.phy)
1000.. -110 ~ ~..
~ V70A
V70C
70.
.
.
.
4·pln M., F
Clo...c Amp. Plale.Mod.
800 -150
95
20
50
V70C
--- --- - - - , - - . Cla..·C Amp. (Telegraphy) '-15ij() -==200',~ -~
140- - - V70D
70
10
3.0
1500
165
40
20
4.5
4.5 ~ _4: p in M____F_. Cf....c Amp. Plole.M·"d-.-'-1000 -::'140
165
30
.!..2~_V70D
~.!1.
5.0
6.0
3000
100
30
'12
2,0
2.0
.. 0.4
4-pin M.
E
Class-C AmpIiRet..
3000. -600
100
25
. - - 250
1SOT

-:w--

--------------·--1----------------

i

..---. ------ ------ - - -

-==--iO-~

---1---'

°.

I

75T
TW75
HF100

-_

Ill~

I
I
I

75

5,0
7.5

6.5

3000

4.15

2000

2.0

1500

175
175

30
60

10.6
20

10

150

30

23

__ __

~··O~-:PlnM.I-E--~::::.~.~:::g:::~:;:.·
. ~.~)-·~~g~. -=;. ~.o-J;;-.- ~~ _II-~~
_
1500 -=.40f!.. -.!.5 __

2.2
___ _ _
3.35
1.5

Grid~Modul.led ~mp.

0.7

4- InM.
P

E

1.4

4·pin M.

E

-----------75

-10~'

I

3.5

4.5

CI....CAmp...•O.clll.lo' ___ .~OQf!...
Cla...C Amp. Pille-Mod.
2000
CI ...:CAmp.(Telegraphy)
1500
O ...·C Amp..Plate-Mod.
-1'250
Grid-Modulated Amp.
1500

. :~~,_~.75;---

,_.2~ ~ ~

_ __
-175_~~ 12.7_ ~~~'-TW75
-260
125
32
13.2
198
200 150--18--1'6:0~
-250
110, 21 .... 8.0. 105
HF100
- 280
72
1.5
6.0
42

1-

TABLE XIV - TRIODE TRANSMlmNG TUBES - Confinuecl
Max.

Type

Plate
Di.slpalion

w.tt.

C.thode
Max.,
Plale
Amps. IVoltage

Inter.rectrode
C.pacilance. (""fd.)

Ma ••

D.C.
Plate
Grid
Current
Current
M •.
Ma.

Ma•.

Amp.
Factor

Socket

I----~~--_.--~-

Typlc.1 Oper.tlon
BI •• > Connec·
Grid
Grid
pr.te
tion.>
to
to
10
Fil.
pr.t.
Fit.
·,-----1------1-----·1-----11---- - - - - - - - - - - - - - - er••s.c Amp. (T.regr.phy)
1250
5.3
5.2
3.2
+pin J.
M er.ss.c Amp. PI.te-M;;~
Grld.Mod.rated Amp.
1250
12.5
6.5
13
~ ~ - - ; - cr •••.c Amp. (Teregraphy)
p
CI.n-e Amp. Plale.Mod.
1250
4.8
6.0
8.3 ----;:;;- 4-pin J. - - ; - CI•••.c Amp. (Telegraphy)
er•••.c Amp. PI.te-Mod.
e Amp. (Telegraphy)
0
1
0
•
I
M
E
cr
•
...c
Amp. (Teraphony)
5
165
3000
35
4.5
•
..,..p n .
~ u . . . , ...... , . -

Volt.

DC IAPPfOX·IAPProx.
G;id
Grid
Carrier
GrId
Plate
Plate
Voltage Voltag. Currant Current Driving Output
M••
M.
Power Power
. Welts' Watts

I

I

1250
160".~ - - 1000'
~
~ ZB120
1250
-'95~
1250 -175 _,150
130
242A
242A
1000 -160 150
100
1250
- 500
150
125 -- 2840
85
2840
1000 -450 150
50
- - 100
2000 -==360-150 ~ -1-5-- 20()" - - 2000 - 360 150
30
15
~OO
IRK36
8.0
100
5.0
RK36 "
2000 -270
72
1.0
3.5
42
2000 -180
~---so----,---'---'---'---'---1---1---1---1---·---,---2000 -200 160' 30
10
"225
,--y)
~ooo
-200
~
__
.-!!!-_10_
~IRK38
8.0
5.0
3000
165
4.3
100
40
0.9
4-plnM.
RK38
4.6
2000 -150
80
2.0
5.5
60
" ...... ,.~.v .... v""
~ -=-100' ~ 2 n ---,:0 -5-5ICI ....C Amp. (Telegraphy)
3000 -210 167 --;;w- -1-8-- ~'--ICI ....C Amp. PI.te~~.o.!',__ 3000-' -210
167
45. 18
400
!l00TH
l00TH
6.5
3000
100
5.0
4.plnM.
225
50
30
2.0
0.3
2.2
E
CI .... B Amp. (Telephony)
3000 - 70
50
2.0
5.0
50
_____ ' _ _ _ 1_____ 1____ 1_ _ _ 1_ _ _ _ 1_ _ _ _ _ 1_ _ _ _ 1_____ 1____ 1____ 1_ _ _ 1_____ 1Grid-Modulated Amp.
3000 -400
70
3,0
7.6
100
,_ __
CIa..-C Amp. (Telegraphy)
3000 -600 167
30
18
400
l00TL
I 100 I 5.0 I 6.5 I 3000 I 225 I 35 I 12
I 2.0 I 2.3 I 0.4 I 4-pin M.I E ler...-c Amp. Pille-Mod.
3000 -600 167
35
-18 'j'400
1100TL
ZB120

75

-==_ -:::::::-

--- ---- ----- c....

----rs ---a:o

LI

~

Type

_ _ _ ' _ _ _ _' _____ ' ____ ' _ _ _ ' ____ ' _ _ _ I _____ I _____ I _ _ _ I _ _ I _ _ _ I _____

I~:;:~~~~~~e~~~~~.__ :~
phy)

HK254

I 100

I

5.0

I

7.5

I

4000

I

200

I

40

I

25

I

3.3

I

3.4

I

1.1

14-pin J.

I

N

4000

=.;.:.''':
- 380

120

~} ~:~

35

20

, " :~ ,___
475

I....,......
•..·"'" ,.."n", r'G'~'T'~
-3(iOO"
402.0 233.0 ....!20
IHK254
3000 -290
-125 -Tis
51
54
y)
3000 ---- --51- ---a:o ~ saft

'"

-

IT_. __ L __

-1250 - 90 15O~ -6.01~--100
1000 -135 1505o---:U;-~RK51
10
3.25 1250
175
RK58'"
70
10.5
4-pinJ.
6.5
8.5
_ _ _.1 _ _ _ 1____ 1._ _-1-_ _ 1_____ 1_ _ _ 1___.1 _ _ _ 1_ _ _ 1___.1 _____ 1_ _ _ I;;=:.:.c:;~::::·o::.: -'-'-~"-""
1250 - - - ~ -1-5- ~"·42.5
203A
CIa...' Amp. (Telegraphy)
1250
150
25
7.0
130
20lA
lOlA
M
er....e ~mp. (Telephony) . .!OOO
~ ~ ~ 100 _ 30lA
Class-B Amp. (T.lephony)
1250
105
3.0
3.0
42.5
---·1---1---1·-----1-----·1----1----1----1---·1---1----1-----1----ICII.s.e Amp. (T.fegralii1Y) 1500
17O-12------u-~--M' auS:-C·Amp. (Telephony)""125O
16719160- 203H
11.5
1.5
3.25 1500
175
100
10
25
6.5
4'pin J.
203H
60
CI ....BAmp.(T~T;p~ 1500
~---a:o~~
211
al••-C Amp:(Telegrlphy) 12. 5.-0150
18
I'
7.0 ~1-2-11-311
er....CAmp.(T.legraphy)
1000
15035
14
100311
835
er....8 Amp. (Telephony) '-1'250
~ ~ ~ ""42:5 835

---s.o

TABLE XIV - TRIODE TRANSMITTING TUBES - Continued

Type

Ma •.
Ma •.
C.thode
M •••
D.C.
M •••
PI.te
PI.te
Grid
Plate Cur
Dissip.·
1 Currenl
Vollage M....
tion
•.
VoU. Amp,.
, Watts
Ma.

I

Amp.
Facio,

t

2428
3428

100

10

3.25

1250

Interelectrode
Capacitance, (I'I,Fd.)
Grid
to
Fil.

Plate

Fil.

13.6

6.0

150

50

12.5

7.0

150

50

12.5

6.1

12

6.5

12

6.0

Grid

PI.te

10

10

Bas. 2

I

I

Socket
Connee.'
tions 1

'V~~":M6! V~::::'AJ Current , r~~.l Driving

TypicalOpe,alion

I Oul!,>ut I

Type

~,--"--,---

242C

100

10

26IA
361 A

100

10

276A
376A

100

10

2848

'"\:5

1250
3.25
._,-.._--- ---,_.
3.25

1250

150

50

3.0

1250

125

50

- - - --,..
100

10

9.0

--- ---

3.25

1250

150

100

3.25

1250

175

50

5.0

4.2

7.4

1 5.3

6.5

14.5

5.5

4.pin J.

6.5

8.0

5.0

4-pin J. 1 M

--- --295A

100

10

25

)

M

--_. - - - -_ ...
838
938

100

10

3.25

1250

175

70

852

100

10

3.25

3000

150 !

40

! 12

1.9

!

2.6

I

1.0

!4-i>in M.I

E

____ ,___ ,___,___ ,___ ,___ ,___ ,___,___ ,___ ,___., ____.___ I::...... :
8003

100

10

3,25 1 1500

250

RK5%05

125

10

3.25

T125

1500

210

5.8

70

6.5

1-1125

10

4.5

2500

250

11.7

...... "..:......

~~

.. .-..

T#.

3.4

1--

1--

-

12

50

"~u

60

25

6.3

8.0

1--····- ---1----1---.. ······
6.0
N

1-1-1
GL146

125

10

3.25

1500

200

60

78

7.2

9.2

3.9

4·pl. GL

4.0

Pn
4' i GLI

1

MM

.---GL152j125

10

3,25

1500

200

!O

25

7.0

8.8,

MMI~::::;~:::;!~::~;;:'

_I

!~~.{~2~~1 !~FI_30_I

__

f.~~

IGLm

TABLE XIV - TRIODE TRANSMITTING TUBES - Confinued
C.thode
Type

Ma.
M..
M...
DC'
PI I'
Plate
G··.j
VoTt:ge Current Cu:'~nt
Amp..
M..
Ma
.

Amp.
F.ctor

Inlereleclrode
Capacilance. (""Id.)
Grid
to
Fil.

I Grid
to

Plate

B '
.se

Til 0
yp c.
perotlon

PI t
D.C.
Plate
Grid C·ent
e
Grid
Vollage Voltage
Curren!
•.
Mo.

M

Type

CI...·C Amp. (Telegraphy) ~-1175O -::1151--200 ~- 40- - 8:-0 -240 I-~Cla••·C Amp-:-Pidte-M~ 1500 - --=-17~,.....! 60
60 _ ..-!~ ___ 16O',=~;
CI...-BAmp.(Tel .. pho~ 1.5.00 1'~1_1~ _15___ ?~~1 - - Cl.,,,:C Amp. (TelegraphvL _3~ ~ -600
~O _ ~3_5_ ==_1 ~5~1~
N
CI~J\,mp.-Os<:illator
3000
-170 I'-!(I~ 45__ .J.? ~ 410
ITW150
152TL •
CI....C Amp. Plate-Mod. __ 30~ _ -2~ ~ ~O - .. 17--1 400- - ' - - - I _ _ _ I.-"'==_I~ Cla ..·C Amp.-Oscillator
2000
-500 I 450
-- - 150
1152TL
HF200
9 a..-C ~IIIP. (Telegraphy) ,2500 '1-300 - 200. ::"'18 _ 8.0- _380 - - - HV18
N
CI.ss·C Amp. Plate-Mod. _ _ 20p~
- 3,50 ~I_ ~ .:.J.O I 2_50 _ ~t?1~
_ _ _ _ 1--;--;--;-_ --~ Class·B Amp. (Telephony)
2500
-140
90
-4.0
80
I
I---i-:."·"-"-'~ Class-C Amplifier
-.
~
-3~IHD203A
HK354
Clas,::C Amp,(Tele!!!.ap-"-y)_ ~ 4000 1_-::690 _2~5 ~ ___ 48---: 830 __
150
5.0
10
4000
300
50
14
4.5
3.8
1.1
4.pln J.
N
ge,•.C, Amp. Plate-Mod.
~OOO -=3,50 __ ~_~,_3_5___525_HK354
HK354C
<:I ....B ~_"P. (Tele"ho~ ~,_.:::_205 ~ ___2.01..-!0
...!!._IHK354C
----- .._ - - - -..-- _ _ _ _ _ _
. - - Grld·Modulated Amp.
,3000
- 400
78
3.0 '112
85
;:! HK354D 150
5.0
10
4000
300
55
22
4.5
3.8
1.1
4.pin J. ! N
Cla...C_~mp.(Telegraphyr--..3A~::
5()_ -38 - ~9"- __ HK354D
....
Clas,'C Amp. Plate·Mod.
3500
- 425
210 . 55
36
525
150
5.0
10
4000
300
60
35
4.5
3.8
1.1
4-pln J.
N
CI''':CAm'':J!.!!eg,,,phVL :=3.5.()0 _~~=44f __ 240
60
_~5.-=.69O
HK354E
HK354E
______ ~,
_______..
_ICla .. -C Amp. Plate-Mod.
3000
- 437
210
60
45
525
p
ra
HI<354F
150
5.0
10
4000
300
75
50
4.5
3.8
1.1
4-pl" J.
N
~.I"ss.<: Am ,p.e..le.9 Ph';'-).- 350.<>..1. -..3.6.8 1.2. 5(j' - .~~ 7S~ 50
':'~354F
312 1 210
Class.C Amp. Plate·Mod.
3000
75
45
525
Class.C-Am-p,(Telegraphy)
2250 -:"-160 ~ 27'5" ~ "'12--- ~ - - 810'
150
10
4.5
2250
275
70
35
8.7
4.8
12
4.plnJ.
M
Clas~:CAmp.".~~~.Od:
1800. ---200.! .250. - _50 __ 17___ :335:=810 '
CI ...-B Amp. (Telephony)
2250
- 70
100
2.0
4.0 1 75
Grld.Modui.ied Amp,-- -i250 -=14'0 100'- ~ '4.0 ~I
CI....C Amp. (Telegraphy)
3000 1 - 200 '233 --4'--- -1-7-- 525- - - 200
5.0 I 10
I 3000 I 250 I 60 I 37 I 2.7 I 3.3 I 1.1 14-pl" J.
N
am::cAmp. Plat.!:~- 2500~-=-2002_05,~0
.J~_-= 405
RI<63
RK63
CI •••·B Amp. (Telephony)
3000
-150
100
1.0
12
100
__ ~_ _ _ _ _ Grid-Modulated Amp.--3000 -=--250- 100 -- --,-:0- ~ 100-10
4-pin J.
N
aas;c AiiiP. (Telegr.pnv.L _2500 -280 350 _ 54 25
E.85
200
T200
I_ _ _ I_ _ _ I___ I_ _ _ I_ _ _ I_ _ _ I___+_~~I _ _ _ I_ _ _ _ I_ _ _ CI ...-C Amp. Plate-Mod.
2000
-260
300
54
23
460
AmP.(Telegr.phy)
3000 -:"400 ~ '!ii- ~ ~ - - 1.4
11-U
4.0
6.0
200
60
6.5
3000
275
HF300
23
4-pln J.
N
CI...-e Amp. Plale-Mod.
2000- - 300 250 - ~ -1-7-- ~IHF300
_ _ _ _ _ _ _ ____
__
CI••s.B A-.;;p:(fiileph;;;;yr- 2500 -=1 00- -12()' -0:5- 6.0 1
T814
200
10
4.0
2500
200
60
1 S!
8.;- -:;;;17
4. I J
M' Ciiss-c -Amp. (Teleg~ph~ .- 2500 _-240..1 300 - 30 _ 10
I21 5 - ~
HV12
_ _ _ _ _ _ _~_
_ _ _ _ _ _ _ _ _ _~_ _ _. _ .
pn •
CI.5S-c.!,mp.PI.te-Mod.2000~,~13()()_, .. ~~~<>-1485 ~_.':l.~
1822
CI ...·C Amp. <!elegra"hy)_ ~OO~~'I :-:-1~1....2()()- ~ _ _1_5_ _ '158~IT
HV27
200
10
4.0
2500
300
60
27
8.5
13.5
2.1
4-plnJ.
M' c:t....CAIIII'.PI.te.M~ 2000 , -195_, ___2~~,_~_ 400 -J~~7
CI...·B Amp. (Telephony)
2500 i
95 I 125 I 5.0 i 8.0 . 110
.

~~-

PI.le
to
Fil.

-=

-==- --=--.

-==- -==-

1---

--490 -=2¥=:: __

1'.120-

·1

-

IT-;;;-

ICiUsZ

os-

TABLE XIV - TRIODE TRANSMITTING TUBES - Continued
~:I~

Type

Dlssl"..

I

Walts

Ma~
Plat';

Cathode

lion

Volt.

I Amp•• IvOltas.1

Cl!:::~t
Mu.
PI.le

Interelectrode
C.pacitances V-<!'fd.)

Mu.
D.C.
Grid
Current
M •.

I

Amp.
--------Faclof I Grid
Grid
PI,te
to
to
to
FII.
Plat.
FII.

lie •• '

Socket I
ICon"ec'
lions 1 ,
.

. --------

250TH

250

5.0

10.5

3000

350

32

100

6.6

4.2

1.1

4-1'1. J.

N

3.5

3.3

0.3

l4-pin J.

N

---.---'---'---'---1---1---'---1---1---'---'-

1

1

I

1

Typlc.1 Ope,allon

--'cTaSS-C Amp. (Teleg,.phy)
806 •

1.--

D.C. ,Al>Plo,. Ap""ox.
Plate
Grid
prate
G,id
Grid, Ca,rle,
Volloge VoUage Currenl C
I D,lvlng I Outpul
Ma.
l!:::n Powe,_ Po..,.,
•
Walt.' WaUs '

~1 ....C_!,mp.
CI....B Amp.
""..-e Amp.
15;1...-e Amp.
IClas••B Amp.

Plale.Mod.
(Telephony)
(T.'!leg,aphv) _
Plale·Mod.
(Telephonv)

-3300
3000
3300
3000 ,
3000
3000

Type

3~140-~ ~I--460
1806'
115
I
750 _ - - -

-600
-670 .. 195-- _.27
24-280
102 ' - 10.3
-210 --330
75
_42
-210
330 ~_,~
- 80 125
4.0
15

4:.0

.--,---I~~:1;:'~~.t~~e~::~liv) 11i~C: -~!! ;~~-

!~

~.250TH

125

- ~~~

i

1----

CI...·C Amp. Plate·Mod.
3000 "::-600 ~ ~ ~ 750 .CI••,.B Amp. (Tel ....h.onv)
3000-· __-225 _, 125 _2:0 _15
125 _1250TL
Grid.Modulated Amp.
. 3000
-450 125
2.0
15
125
Class·CAmp.·Oscilialo,
'2000 -::-'200-'"400 --1-7-~'~
MM CI....C Amp;piale::MOcC- --1500 -:"'240 -400 ~ -9-:0GL159
4-plnGL
10
2000
400
100
20
17.6
5.0
250
9.6
11
GL159
_ _ _ ' _ _ _ ' _ _ _ ' _ _ _ ' . _ _ _ 1_ _ _ 1
_ _ 1_ _ _ 1_ _ _ 1_ _ _ 1_ _ _. _ _ _ _ _ _ 9· s••B Amp. Tel..phony
2000
- 90 =11'0___ - - - - 2.5 -130.. ___
Clen·C Amp.·Osclllator
2000
-100
400
10
620
4.7
4-plnGL
MM CI ••• -e Amp. PI.t';:.M~··{500 -'=foo'~
-1-0-- , 450- GLl69
19
85
10
9.6
2000
400
100
11.5
l::l GL169
250
ci.s.::sAiiii'-TeiePiiOnY-- 2000 ----=--i(f -----:r9O
~~
- - - - - - - - - - ".Sl-C Amp. (Telegraphy)
2500' - 200 "'2sO ~ -1-5-- 450' - - - 204A
3.t5
2500
275
to
23
12.5
15
2.3
Specl.1
Q
Cla ••-C Amp. PI.ie:Mod. -- - 2000 -:... 25(l" 250
35
1 20
__ 350
~g~~
250
11
304A
Clas.·B Amp. (Telephony)
2500
- 70' 160
15
100
.----- - - - - - - - - - C I•••-CAmp.(Telegr.phy) -'1J5i)'-400 --300 ------~
308B
4.0
2250
325
75
8.0
13.6
17.4
9.34-pln W.E.
AA CI•••-C Amp. PI.le.M-~ 1250-' --=320 ~
- - - ~ 308B
CiiiiS:s-Amp. (Tel ..phony)
1750 -230 "215
. _ - '1~
212E
CI.n·C Amp. ~h~ 2000 -·-225 300 -- - -- ~ ~
241B
4.0
3000
350
75
16
14.9
18.8
8.6 t:i~. ~t.. :-.BA. I~.'~"·C
Amp. PI.le-Mod.
1500 -200~. 300..__._
300- 241B
Cla...B Amp. (Tel ..phony)
2000, -120
300
200
!31iE
312E
300fl'"
11:5"' 35004:pinI~ -N~- Cla..-C Amplifie,
3500 . -600 ~
~
800 -'1300r304TL * _ 2 6 / 1 3 1 3000 ~.cI.I". NN-:=,CI.-.-;:-cAiilii: (Teleltf.phv)
1250~. -300 ~ToO - .1~
~~ ~O
304TL
, C I . s s · C Amp. (Teleg,aphy)
4000 -735
425
75
85
1400
HK654
300
7.5
15
4000
600
100
22
6.2
5.5
1.5 l4-pln J.
N
~AiiiP.Prate::Mo(j.-- -3000 .::-390 '_ 400. 95_ 60 . 945 ---IHK654
Cla••·B Amp. (Telephony)
3500 -137
150
13
13
210
'1
.
G'id.Modul.te,LA:m~-·- 3500-.-=210 150 -1-5- --1-5-- ~
~-- - - - - - - - - - - - - - - - - - - am::cAmp--:(Teiegraphy)
2000' -2004~ -65- 25'" 740- - - - - 250TL

I 250

5.0

I 10.5 I 3000 I 350 I 50

I

13

3.0

I 3.5 ! 0.5 [4'1'1" J. I N

-m-

..

---1----------

-----.--.

-==-_

--m-

--

I

833*

300

10

10

3000

500

75

35

12.3

6.3

8.5

Specl.1

T

CI....CA...mp.(Telep.hOny)·-TsOoCI....B Amp. (Tel ..phony)
3000
-- - - - - - - - - - - - --- --- --- - - - - - - - - CI ...·C Amp. (Telegraphy)
3000270A
350
10
4.0
3000
375
75
16
18
21
2.0
Specl,,1
Q
lam::cAm·P:Pi"t-;::MCi(f.'-I_2.250'
_ _ _-'-_ _-'-_ _L - _ - - l_ _-L_ _-'-_ _--'--_ _-'-_ _L - _ - - '_ _--'-_ _ _-'--_ _ILC_I...
_-B_A_m_p_._(T_e_le_p_ho_..ny)
I 3000

I

-300-- 335 _75
- 70
150
2.0
-375 ~
-300 _ 300
80
-180
175 ___

1 ..30

-==--==-

I"

10

-=- I! -=

635 ___ i8.3.3
150
~I' . _ 270A
450
175
,

1

TABLE XIV - TRIODE TRANSMITTING TUBES - Continued
Type

Cathode
Max.
Plalel _ _ _~_ _ M •••
Diui"".
ticn
Plate
Walls Volis Amps. Voltage

I

849

400

831

400

Max.
D.C.
Grid
Cuttent
Ma.

I

11

5.0

2500

350

125

Amp.
Foetor

Int ..elKtrode
Capacitanee. Vol"d.)
Gr'd
PI te

t~

Plate
19

17

3.8

1 Ref .. to Tran.mitting Tube B•• e Diagrams.
• M.-medium; J.-iumbo.
• All wlr. lead •. Rlting•• t 500 Me.
• Pille connection to lop eoI'.
• Se. Ch.pter Fhe for discus.lon 01 Srld drlvlns pOwer.
'At 240 Me.

7

B

:n.5

4.0

t~

tlons 1

!O

.
Plate
Plate,Gfld
Voltage!
Voltage Curren t
'I
M •.

I
,

Fil.
- - - - - - - - - - - tla..:t~fel.. g;ophy)-i
3.0
SpecIal
Q
(lo"-C Amp. (Telephony)
CI .....B Amp. (Telephony)
- - - cr;;:c-Amp. (Teleg,aphy)
1.4
Speci.1
R
CI .....C A"!'p. (Telephony)
CI .....B Amp. (Telephony)

Twin triode•• V.lue. cerrespond to left- .nd right-hand .ection•.
Twin Iriode •. Velue. I: r belh 'Ktion •• in push·pull.

IiIlnt-rmittent commercial and amateur service ratings •
11

I

'-I

Soek.t ,
"
- . C~nnec. ' l l lyp
O
aper
t l on
"".e
Q

2500
2000
2500
3500
~..~
3500

Ty"e

-250
-300 I--:~c-I-~__ I'

'1-=125
-400

-=5001-:~_1"":=-_1-=-=-_17'::-_
-220

" Calculated at 33% efRclency lor 100% modulation.
18 Grid connecled to pins 2 and 3.
In.tant healing Rlament for mobile u'e.
"Multiple unit tube with du.IA'amenls which c.n be connected
14

Gaseou. dbchorge lube lor Ule on 110..Yolt d.c. U.e Soo.ohm re.Istor in ... i•• with No. 1 grid. lonidng cuttent. 150 10 250 m••
Twin !riode•• Charectaristic. per .aclion.
* Indicates lhalt.b. I. e.peclally ,ulled for u.h.l. work.

in series or parallel.

18

Obsolete type.

TABLE XV - TETRODE AND PENTODE TRANSMITTING TUBES

I

!

""t;
Type

Max
InterelKtrode
Scr••~ Capacitances VoI'Id.)
Dissl",,·
,
,
Typical Operation
Base'
ollogel lion Grid Grid Plate
to
10
to
Watls
FII. Plot. Fit
- · - 1 - - - - 1 - - - 'Cless ..C Amp. (Telegrophy)

Mo".
Plate I

Dissipa .. , - - - - tion

I

(

Watt. IVoll.IAmps.

6.0

RK64

16101 6.0

100

6.3,

j

2.5

RK23

2.5

2.0

~~~;B" 10

6.3

0.9

IS

1613

1_ _

~~. A"m~ .• P~ol.e .. Mo~,_. _ __

0.4 I 9.0

~I ~ 0.551~:J~I~I_~..:J~1

RK56

RK45

3.0 110

I

I

500 1 250

8

110

9,0 15.pln M.I H

1 0.2 110

17.pln M. G

12.6

10

GG

------,---

837

RK44"

12

500

300

8

16

0.2 110

17.pin M.I G

ICI...·C Amp. Plale..Mod.

I 250 I 200 I -

I-

40 I

50 I 10

I 1.6!

28001 0.28

I

8.5 IRK56

TABLE XV - TETRODE AND PENTODE TRANSMITTING TUBES - Continuea

I

I

.... 1-·-- \
"!'"tereledrode
I. Max.
i Cathode
. M.x .. Capacitance. (;.;.fd.)
Plate _ .... _ _ Max .. Max. ,Screen _
Type
. PI.t" 'Screen
Grid Grid Plate
lion Volis Amps.Voll.ge Voltage hon
to
to
to
Watt. ,
.
Watt. Fil. Plale Fil.
1

IDI~'iP.-1

802 ,

13

·Di~SiP'.I

6.3

0.9

6.3

0.5

425

200

2.5

1.0

500

250

6

400

250

5

500

180

--- - - HV60

15

600

!l50

6.0

--- - -

2.5

Base Z

2.0

750

175

3

2.0

400

300

3.5

,ns

Approx.
Screen Grid Screen' Grid
Current Current Resistor Driving
Mo.
M.. Ohm. Power
Watt.

Typlal Operation

1

Approx.
C..rrier
Oulput I Ty"
Power

Watt.

CI...·C Amp. (Telegraphy)
Cla..·C Amp. Plate· Mod.
G;j~MOciUlal;.rAiII": ...
250
Suppressor·Mod. Amp.
600
~
-- ----·ltl~ ....c Amp. (Telegra"i,v)- -425- -200, - 0.19 10.2 5-pln M.
11
<:I...~ Amp. PI.t,,:M~ , 325 ... 200 1
1_--'-=-1_
__, .._ Grld.Modulated Ain~ _ _ I~ 200 .. -==: ..
5-pi. M ..~ICI.....C Amp. (Telephony) ~ ~.O 1------.... 1---;;;-1
Amp. (Telegraphy)
500
250
0.55 12 5-pi. M.
15
~iated Amp.I---SOO··-200
---- - ---ltl~":C·Amp. (Telegraphy) 1'400'\~' - 7.5 0.05 1 3.8 Special
0.15

8.5 7-pin M.

9.5

0.15

7.5 5-pln

8.5

0.1

8.0 4-pln

1!1

i~~~~t£~il!e~~~~~l.~r~ -}~- :~~ .

--------

'"~

ket
nee..

I

---'CI.".C Amp. (Tel ..gr.phy)
CI.ss·C Amp. (Telephony)

---soo ~

__

-~=-I-:O-~" .. ..:=·I-~=-

---SOO'15O""

- - - 'tl••$::(Amp.(i'e~Yf '1'50 125
Cl...-<: Amp. (TelephonY)'I""500 ""125 - -

--- ci•••.c Amp. (Telegraphy)

T21

RK49

21

6.3

0.9

21

6.3

0.9

-2-1-

63 10:9

6L6GX

21

6.3

1614

21

6.3

0.9
--------

...

RK41
RK39
HY61/
807

--25

25

0.9
2.4

6.3

0.9

6.3

0.9

0.35' 12.5 7.pin O.

cr....

300

3.5

300

3.5

600

300

3.5

600

300

3.5

500

-.-375

._- - - -

2.5

-400" ':iOi) - C1O .. CI ...·C Amp .. PI.te:·M~ - 32( 28S·
Grid-Modulated Amplifier
400
250
--1-- CI"s~C An;pii~"! ___.__ I_.. 750 ::'-175..-==Class·C Amp. (Telegraphy) , 400
250
-H
a.,s::C-;;:";P. Plate.Mod. 1-'-j5() 12()()~!
Gold·Modulated Amp.
400' 2S0 . - ---'ClOss-C·!>:;"P. (Telegraphy) 1-400···25()
A 10 CI.5s-C Amp. (Telephony)
300 200
Grid-Modulated Amplifier .. -;wo ~
~ CI ....C Amp .• OsciUator ---.- ---315
200
:C·Amp. (Telegraphy) -500 ~ -_.
11
1.5
7.0 17,p,n O. AC 10 (I .... C Amp. Plote.Mod-.- 325 - 225
500-- ~ - - Grid.Modulated Amp.
AC NICI.":C A",p. (T;legraphy) '~1300 -1-:::::::::-:---="-:·-;""1-';;-",,·1-,..-1
13
0.5 12.5 17.pln O.
Clo ..·C Amp. Plate-Mod.'
325 - --- - - Clo,,·C Amp. (Telegraphy) 600 300Clm.C
A-mp.-trelephonv)
25()
!"=",,: ...",,
13
0.2 110 5-pln M.
Grid·Modulated Amplifier
600
300
I-"-'-'--'-'-I-;~~+
10.5

--

---.ns

-- - -

11

0.2

600i~!I'-"'- ....
Clos..C Amp. (Tel';"h"~Y)~ -··"15 I 225-==Giid-MOduIaie,fAmPiifief ~ ~ -:.:::... . I--'-~I'--;""

---'<:1•••:'.·. Amp'-CTelegr.phvY.

7.0 5-pln M. H

-~-

--~----

T21

TABLE XV - TETRODE AND PENTODE TRANSMITTING TUBES - Continued

1'--- - ................. _. ,-'

~

Type

M .. x.
Cathod
Plate 1 e
Oi"ipa. _____ .
lion !
W• •

IV"'!""~. V."... V....,,~

,

2s4B

i Wett.

j

25

*815 ".

Max.
Intereledrod"
t::atx• Max. Sereen Capacitances WI-'Id.)
a e Sereen Ol ..ipa-

"'''
IG,Od 1"".1
~~. Ip/:te i .In.

25

2.5

;~-;;;- ~

__ _ _ _ __
S078
30
6.3
___ ___
RK20
RK20A
RK4618

40

7.5
7.5
12.6

:: HY69 16

40

6.3

2.0

300

3.5

11

0.25

7.5 S·pin M. J"

1____ 1_ _ _ 1_ _ _ 1_ _ _ 1,__

1.5

600

300

3.5

12

0.25 10.5 5-pin M. L

0.9

750

300

3.5

11

0.2

7.0 5-pin M. H

1250

300

1.5

600

250

2.25

500

225

40

1250

300

10

1250

500

20

15

14

0.01

12

'"

829* 14

---1-40

6.3

50 10
RK47
___ _____
312A
50 10
___ ___ __

I I

804'

50

I

2.i1

7.51 3.0

I

1500

I

300 1115

_ _ _ ,___ , __ ,,__

6.3

0.75

S-pi" M. J

2000

3600

-

305A

60

10

65

1 - ] -, - 10
3.25 1500
300
10

282A

1_

.'-:;;;- 10

___i _

3.0

"I

1000

1000

200

-------

6.5 17·pin

S.

0.12 10

-==_

u

__

joooo

s:o

---n-

ig::~~l~~~(~e~:':~hY) ~ 'l~~~-1 "~~~

~~,:;~ :~ - -~:g-

'==1
I-'46=
551

== -~:g

1:~

"---

• ______

CI.....c Amp,,(Telegraphy)
1500
Grid·Modulated A,,!p:.. _
1500
4- In M. A'
CI.ss·C ~_m.p. (Telegraphy) ....!.C!..OI),
p
Cla••·C Amp. (Telephony)
800
- - - - - - Cla...C Amp. (TelegraphY),1500
S.pin M. J'
,Ci8s;;:C-Am~l"l!te.:Mod~ '-,'1250

--;;-1--;:;- -;;; 0.2

00

___

105 0.14 54
.
•
-- --,13.5 0.1
13.5

_0,9_,':"':::='

I.

I

ICI...

.

6

---35:::'1-------

5.plnM. J'
[CI....C Amp. pi.te-Mod.
900
300'-,
_·=150.'-120-17.5'6])I~~--87--RK47
_, _ _ _ _ _ IGrid.Mod"lated Amp.--'1250 _300
301 .. 60. 2.0-4.0"
25-._ _
100 36
Class·C Amp. (Telegraphy)
1250
300
lIO
5.5 - 0.7
90
15.5 0.15 12.3 6-pln M. II
CI •••·C Amp. Plai;'-:Mod: ,_ -1000, -==-.. 40
95'. 3S-?022000--1.0
6'5'--: 312A
_ _ _~
_ _ _ _ _ _ Suppres.or.Mod. Amp.
1250
-85_ ~ .. 5C!... _4L ~ ~2000 ~ __2.!...... .. __
,CI....c Amp. (Telegraph v)
1500
45 -100. 100 j 35
7.0 - 1.95
110
116 1001 1145 15.pln M 1 J
.c Alii'" Plate·M;;cr.-- 1250
50
90
75 j 20
_6.0. _
0.75
65'1804
..
.
Grid-Modul.tedAmp.
1500
45 1 -130 1 50 13.5 j 3.7
-1.3
28
i
~
SUppr....or-Mod. AniP."-::: _1.5.00.
-501'-115 I 50-' -i!i - 7 . 0
-, 0.95 ,-2S. _ __
13

34 _ _ _ Speci.1

50

814'

15.2 10.1

6.0 IS·pin M.I J 11

j_ _

825*17

3.1

7.0 10.25

I~

--1-- -==
--

-r5o

--·---'-----'a..
5.0

Type

-jolf

- - --,

3.0
3.25
2.5

'1

500
Cla..·C Amp. Piate-Mod.
--:;WO'Grid·Modulated Amp. - -500Cla...C Amplifier
,-US
75
30
'254B
Amp. (Telegraphvt - 600
--=:::..- 60 ___9.~ 10 - 5.0 _
0.43-Cla.s-C Amp. Plate-Mod.
. SOO
~ ~~. i .. ~. -.. -.~25 ~ 1624
Grid·Modulated Amplifier
600
60
40
2.5
0
-0.4
S.O
Class-C Amp.·Oseill.tor '::: 600,_
60---91).11.._
5~O' - - 0 . 5
40 '-I~~C$6-.
Cla,,·C Amp. Plate-Mod.
500
50
75
8.0
3.2 25000, 0.23 , 25
9.~:C Amp. (Telegraph.,)_, ~,O
.'. 50', __100 " 8.0 ,.J,O -==-'--0:22••• 1::: 50 ,--i;~;CI ...·C Amp. Plate·Mod.
600
275
78 100, 9.0
3.0
0.1
37.5
Cla..·C Amp. (Telegraphy>," "1250
~ -100 9 2
36'--11:5 -- -~ ----s4---.
-"-------- - . ' - - - - -,,--- - -.... - - - - . . . - - - - ------- - - - RK20
Class-C Amp. (Telephony)
1000 ,_ 300 ___0_ -100 ...~ ~ ~_ ,231)00 ~ ~- RK20A
,~uppressor.ModuJ.ted Amp: 1250' 300__ , __,-45 -100 ~___ ~
.~
,_.~ ~ RK46
Grid-Modulated Amp.
1250
300
45 -142
40
7.0
1.S
1.5
20
s·C Amp.·Osciliator'--iioo'250-----'- -----C;O-'-iOO12.5 4.00.2'5--- ---;w-Cia.S-CA'mp. Plate Mod. '600' 250- ( ; 0 -, 00 12T
30000 "0:35 ~ HY69
Modulated 00,;111;,-,--- 600200
-=300' 90 -1'1:5 6:0 35000 '-2--:-S---2-f-CI.,,·C Amp .• O.cillator-S·OO --'200
~ '240
12
---,-- 0:-7- --S-3--aass:cAmp:Pi.~ 425 '200
-----C;O·2ii- 35-"""1"1- - ------ ~ ~ 829

cia..:'

600

I

Plate Screen
Vollege Voltage

aa.s:c Amp.•Oscillator

6.31 1.6

25 r7.51~~, __ ,

,

1624

Typical Operation

-1

Bo.

--;.; 4-pln M.

-1--lg:!:r~~~.I~e~::~hY)+~=
I

......8.1>1>. -

-==-==-==-=::-- -==- -==-

40 _45._,~ ~-=--

---'!.~ _33 ~

....!:!.. ~

-200 .~ , - -270 125 - -

,-~,150

:::=:::1 -150 145_ .. 20
_ _ I-=i~ 1~~
3.0

, C l a s s . C Amp. Plate-Mod.
750
- - 1-180 100
_
_

--

~~

-10

2.5
--,5
I 0
__ .

--

==
-

--

~,~

--

3.2

--~ 825

~O. _ _

~ 305A
70

160- - - __130

814

~~··.12S2A

4.2.
-50 , _ _ _ _ ._

TABLE XVI - TELEVISION TRANSMITTING TUBES

c=
Type
~_-=

Nome

.-

1849

Iconoseope

._._

~

6.3

J

6.3

J

1850

I!l
...,

Soeket
H ....t..r
Connee- , - ~.tions!
Volts Amps.

Monoscope

1898

E

2.5

Monos~~ _ _K_---==-

Monotron

L

0.6

'6:31---0:6·,

-,1899
2203

O~6~-

2.5

Use

C "

V ~or
0

e

Direclpick~p~

Film piek..p
Diree! pickup

,~----=

Pottern
Electrod.
Voltoge

_

1_ _ •

Anod.
No.2
Voltage

-~~~--

Test pettern

... -~--I-'1:Z
1200
""u1.~

2.1

T..tpetlern

10501-~'

2.1

Test pettern

-

-::
360
300

750800_~_

--

! Refer to c..thode Roy Tube Socket Conneetion •.
• Adjust bios lor minimum (most negoti",,) value lor solisfactory
signal. Maximum resislonee in grid cire..iI.hould not e.eeed
1 me!!.

Cut-oil'
Grid
Voltage'

--i-. 6()~_!50_1_-120

t.1

1700 ..

Anode
No.1
Voltage

.c~---

~;::-

i!: ::

=:~

Signol
Plale
Voltage

CollKtor
Currenl
"".'

_

~:~5

Beam
Current
"".

-

I

Patlern
EIKtrode
Current·

-

-

-

1847
1849

Se",eos 1 8 4 9 1 8 5 l [
_ _ _~
1.0
!.~
1 98
_:2.0
...w
8
--:::::=- _3~ ..!-II. 1 - , · . - - - - 4.0
2.0
500
____

-70
-60
-50
-60

_--:---_-=-_

-20

_:-1;~

5

, ColI ..ctor eurrenl measurements mode with mosolc not iIIuminoted.
'Peek-Io-peek slgnol vol ..e In "".
Wllh lull sconnlng.

'~

,-H- -

I -- -- -

lin mw./sq. em. max.
I

-

-

Type

300

0.1

2203

Antenna Fundamentals
Wave Propagation
The Half- Wave Antenna - Radiation Reflection from the Ground Directional
Characteristics
Too often an amateur erects an antenna
system without a clear understanding of the
characteristics possessed by the particular
type chosen and, consequently, with little regard for the all-important question of whether
or not those characteristics are suited to the
purpose for which the antenna is intended. Before one can select the right tool for a job he
must know what that job is. The antenna's
job is that of radiating electro-magnetic waves
in such a way that they will reach a desired receiving point with maximum intensity. Obviously, then, we must know something about
the nature of radio waves and how they travel
before we can consider how most effectively
to start them on their way.

causes the wire to radiate an electro-magnetio
wave of its own. Reflection also can occur in
the upper atmosphere, as described in the
following paragraphs.
The Ionosphere

Radio waves not only travel along the surface of the earth in the lower atmosphere, for
short-distance communication; they also travel
through the upper regions far above the earth
for long-distance communication.
The general idea of the paths followed by
radio waves for both direct-ray and indirectray communication is illustrated in Fig.
210l-A. As would be expected, a direct ray
travels out from the transmitter along the

• THE NATURE OF RADIO WAVES

Radio waves are of the same nature as light
waves, traveling with the same velocity of
186,000 miles or 300,000 kilometers per second.
They are electro-lDagnetic waves, having an
electric component and an accompanying magnetic component, the two being at right angles
to each other in space. The waves are plane
waves and the plane of the electric and magnetic components is always at right angles to
the line along which the waves are traveling.
The wa ve is said to be vertically polarized when
it travels with its electric component perpendicular to the earth, and is said to be
horizontally polarized when the electric component is parallel to the earth. The polarization at transmission will correspond to the position of the antenna which radiates the waves,
vertical or horizontal, although the polarization may shift as the wave travels through
space or encounters incidental conductors in
its path. The polarization of the waves at the
receiving point is of practical importance because the voltage induced in the receiving
antenna will be greatest when the antenna is
placed to suit the particular polarization of the
wave -vertical for vertically-polarized waves
and horizontal for horizontally-polarized waves.
Radio waves, like light waves, can be reflected and refracted. Reflection occurs when
the wave strikes a conductor, such as a wire.
A ourrent is set up in the wire, and in turn

318

Fig. 2101
lliustrating ground-wave and sky-wave
transmis.ion of radio waves. The density of the dots indicates that the electron density in the ionosphere increases and then decreases as the altitude becomes
greater. This is a simplified representation; actually
there are other ionized layers which affect different
frequencies in different ways.

CHAPTER TWENTY-ONE

Antenna Fundamentals
surface of the earth and will be received
strongly at a relatively near-by point. This
part of the radiation is commonly called the
ground wave. It is rapidly weakened or attenuated as it progresses, until finally it is no
longer of useful strength. Moreover, the rapidity with which the ground wave is attenuated
is greater as its frequency is higher (or as its
wavelength is shorter).
But not all the energy radiated by the antenna is in waves along the surface. The greater
part is likely to be at angles considerably
above the horizontal, in fact. These higherangle sky waves would travel on outward into
space indefinitely, and would be of no practical
use for communication, if they were not bent
back to earth again. This bending action is explained by the existence of a region of ionized
atmosphere, known as the ionosphere, surrounding the earth. The possibility of radio
waves being returned from such an ionized
region was proposed almost simultaneously by
A. E. Kennelly in America and by Oliver
Heaviside in England in 1902, many years
before long-distance short-wave communication demonstrated its proof. In honor of these
two scientists, the ionosphere has been long
known also as the Kennelly-Heavislde layer.
The ionosphere is not strictly a single layer,
however. Dr. Kennelly suggested this in his
original proposal and investigations have
shown that there are several distinct layers, as
. will be explained in the following paragraphs.
How Sky Waves Are Bent by Refraction
The ionization of air molecules mentioned
above is the result of bombardment by cosmic
and solar radiation, breaking the molecules
into free electrons and positive ions. This
ionization is inappreciable in the air near the
earth's surface, to which the ionizing radiations
penetrate to only a slight extent, and in which
the electrons and ions recombine so quickly as
to permit the electrons practically no free path.
It is considerable in the thin atmosphere at
heights extending between approximately 40
and 250 miles (70 to 400 kilometers). It is the
presence of the free electrons resulting from
ionization in this region, and the relatively long
free path there allowed the electron before recombination, which is principally responsible
for bending of the sky waves.
For the amateur frequencies between 7000
kc. (40-meter band) and 30,000 kc. (10-meter
band), the bending is practically all refraction.
That is, a wave entering the increasingly
ionized region from the lower atmosphere has
its velocity increased by the increased conductivity due to the presence of the free eleotrons, and more or less gradually has its course
turned away from the ionized region, back
towards the earth. One way of visualizing

this is to consider the wave as two adjacent
rays, one above the other. The upper ray
travels fasier than the lower ray as it progresses
into the ionosphere because it is in the denser
electron atmosphere. Hence, it tends to gain on
the lower ray, with the consequence that the
path of the wave is curved downward to earth
somewhat as the left wheel of a vehicle
turning faster than the right will cause a
change of direction to the right. A suggestion
of this refracting action is given for sky waves
in Fig. 2101.
Skip Distance and Layer Height
The sharpness with which this bending occurs is the greater as the frequency of the wave
is lower. At 3500 kc. and lower frequencies the
sky wave usually will return quite close to the
transmitting point, within the range covered
by the ground wave, as well as at greater distances. At 7000 kc., however, the sky wave
often will not return this close to the transmitter, and there will be a zone of silence from
the farther limit of the ground wave to the
closest point at which the sky wave returns.
This no-signal interval is known as the skip
distance, from the fact that the signals seem to
skip over. The skip distance increases with frequency, until at frequencies in the 28-Mc.
band it becomes so great that the returning
signal is likely to miss the earth and not to be
heard under ionosphere conditions prevailing
much of the time.
As shown by Fig. 2101-A, the bending at a
given frequency is also determined by the
angle at which the wave strikes the ionized region. Waves entering the ionosphere at grazing
incidence are much more readily refracted than
those which approach it nearly perpendicularly. At the higher frequencies, in fact, waves
which strike the ionosphere at relatively high
angles with respect to the horizon are not refracted sufficiently to be returned to earth, and
hence are not useful for communication. Under all except very abnormal conditions,
56-Mc. waves, for instance, are not refracted
by the ionosphere even though the angle is
very low.
The degree of bending is a function of the intensity of ionization. This varies with the time
of day, as the portion of the earth under consideration receives more or less radiation from
the sun, so that transmission conditions go
through daily cycles. The ionization also is
influenced by cyclic changes in the condition
of the sun itself, so that similar variations follow the 27-day and 11- or 22-year sun-spot
activity cycles. The effect of the latter variations is more apparent on the higher frequencies - 14 and 28 Mc. - where conditions for
refraction are most critical.
Measurements have shown that there are
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three ionized regions or layers of a major na.
ture, with others occasionally making an appearance. The three are called the E layer, the
Fllayer and the Fslayer. Measurements made
at Washington, D. C., by the U. S. Bureau of
Standards show that the E layer has a virtual
height of approximately 70 miles for the lower
frequencies in this range during daytime. At
mid-frequencies the waves penetrate this layer
and are returned from the F1layer at a height
of approximately 140 miles. At the higher frequencies the waves penetrate both the E and
F1layers and are returned from the F,layer at
a height of 200-250 miles. Towards evening
the Fl and F2 layers appear to merge, leaving
only the one layer in the F region at a virtual
height of approximately 185 miles during the
night.
The layer principally effective for longdistance communication at night is the F
layer, while anyone of the three may be effective for sky-wave transmission during the
daytime, depending on the frequency and
degree of ionization.
Ultra-High Frequency Waves

Although waves of ultra-high frequency
(above 30 Mc.) are only rarely bent back to
earth by the ionosphere, studies in reception of
56-Mc. transmissions over distances of 100
miles or so, which are greater than the ground
wave or optical range, have shown evidence of
bending in the lower atmosphere. Investigations by the A.R.R.L. technical staff during
1934 and 1935 showed that this bending accompanies the presence below 1O,OOO-foot
altitude of warmer air layers over cooler surface air; that is, it accompanies the occurrence
of temperature inversions in the lower atmosphere. Apparently there is cause for sufficient refraction at 56 Mc., and at 112 Mc., to
give "air-wave" communication at distances
greater than would be poasible with line-ofsight transmiasion.
Wave Propagation in Relation to Antenna
Design

An important practical lesson to be learned
from the peculiarities of radio wave travel is
that transmission will be most effective when
the energy radiated from the antenna is concentrated on the ionosphere at an angle which
will put the best signal down at the receiving
point. For long-distance communication this
means that the maximum radiation should be
more nearly horizontal than vertical; that is,
low-angle radiation is desirable, especially on
the 14- and 28-Mc. bands.
,Available data indicate that under most
conditions, 28-Mc. waves traveling at an angie
of more than 15 degrees or so with the horizon
,seldom are returned to eartlI by the iono-
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sphere: on the average, the optimum a.ngle liee
between 5 and 10 degrees. On 14 Mc. the normal upper limit is about 30 degrees, with
angles up to 15 or 20 degrees being most effective. On 7 and 3.5 Mc. purely vertical radiation
often is returned; angles up to at least 45
degrees are effective under most conditions on
the former band, and to a still higher figure on
the latter. In the discussion of antenna radiation characteristics in this chapter, angles of 9
degrees for 28 Mc., 15 degrees for 14 Mc., and
30 degrees for 7 and 3.5 Mc. have been assumed as representing average conditions for
comparative purposes. Purely horizontal radiation over any considerable distance is practically unattainable at the higher frequencies
because of rapid absorption of energy by the
ground.
The question of polarization also deserves
some consideration. Experimental data show
that at 7 Mc. and higher the waves usually are
horizontally polarized at the receiving point
regardless of the polarization of the transmit·
ting antenna. It is thought that this "ironingout" of the polarization occurs when the wave
is refracted in the ionosphere, perhaps also as
the result of influence of the ground near the
receiving antenna. On 3.5 Mc. the polarization
is variable, and on 1.75 Mc. is chiefly vertical.
The conclusion to be drawn is that on the 3.SMc. and higher-frequency bands little consideration need be given polarization at the
transmitting antenna. For receiving, however, a
horizontal antenna is preferable not only because it will give great.est output from the
horizontally polarized waves, but also because
most local electrical interference (from machines, automobile ignition, etc.) prevalent on
the higher frequencies is vertically polarized,
hence the response to such in terference will be
minimized. On 1.75 Mc. vertical polarization
is to be preferred from the standpoint of effective transmiasion, but may lead to interference with near-by broadcast receivers, the antennas for which also respond well to vertioallypolarized waves.
• THE HALF-WAVE ANTENNA
The fundamental form of antenna, and the
one in widest practical use for short-wave work,
is a single wire whose length is approximately
equal to half the transmitting wave-length. It

Fis. 2102
Current and voltage distribution on a
halt.wave antenna.
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is important to understand its properties because the half-wave antenna is the unit from
which many more complex forms of antennas
are constructed. It is sometimes known as a
Hertz or doublet antenna.
It was explained in Chapter 3 that when
power is fed to such an antenna the current and
voltage vary along its length. The distribution,
which is practically the form of a sine curve,
is shown in Fig. 2102. The current is maximum
at the center (a point of maximum is known as
a loop or antinode) and nearly zero at the ends,
while the opposite is true of the d. voltage.
The current does not actually reach zero at the
current nodes, or minimum points, because of
the effect of capacitance at the ends of the
wire (end effect); similarly, the voltage is not
zero at its node because of the resistance of the
antenna, which consists of both the d. resistance of the wire (ohmic resistance) and the
radiation resistance. Usually the ohmic resistance of a half-wave antenna is small
enough, in comparison with the radiation
resistance, to be neglected for all practical
purposes. Radiation resistance has been defined in Chapter 3.
Antenna Impedance
The radiation resistance of a half-wave antenna in free space
that is, suffiCiently removed from surrounding objects so that they
do not affect the antenna's characteristicsis 73 ohms, approximately. The value under
practical conditions will vary with the height
of the antenna, but 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 antenna impedance at any point
will be equal to the voltage divided by the
current at the point. The impedance is minimum at the center, where it is equal to the
radiation resistance, and increases toward the
ends. The end value will depend on a number
of factors such as the height, phYSical construction, and the position with respect to
ground (horizontal or vertical).
,The impedance is an important quantity
which must be taken into account when methods of feeding power to the antenna are under
consideration.

mula will give the length of a half-wave an·
tenna to sufficient accuracy:
Length of half-wave antenna (feet) ""
492XO.95
468
(2)
Freq. (Me.) Freq. (Me.)
Differences of a few per cent in length will
make no appreciable difference in the radiation
characteristics of the antenna, but may have
an effect on the operation of the feeder system
used. This will be considered in Chapter 22.

Radiation Characteristics
The radiation from a half-wave antenna is
not uniform in all directions but varies with

Fig. 2103 Free-spaee radiation pattern of half.
wave antenna. The antenna is shown in the vertieal
position. This is a eross-section of the solid pattern
described by the figure when rotated on its axis (the
antenna). The "doughnut" form of the solid pattern can
easily be visualized by imagining the drawing glued to
cardboard. with a short length of wire fastened on to
represent the antenna. Then twirling the wire will give a
visual representation of the solid pattern.

the angle with respect to the axis' of the wire.
It is most intense in directions at right-angles
to the wire, and zero along the direction of the
wire itself, with intermediate values at intermediate angles. This is shown by the sketch of
Fig. 2103, 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 fi.eld strength, the measure of sigual intensity, 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 actual length of a half-wave antenna
will not be exactly equal to the half wavelength in space but is usually about 5% less,
because of end effects. The reduction factor

• GROUND EFFECTS
When the antenna is near the ground, as all
amateur antennas are, the free·space pattern
of Fig. 2103 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 and
its position or orientation with respect to the
surface of the ground. The reflected waves
may be in such phase relationship to the
directly-radiated waves that the two completely reinforce each other, or the phase

increases slightly as the frequency is increased.

relationship may be such that complete can-

Under average conditions, the following for-

cellation takes place. All intermediate values

Physical Length
The length of a half-wave in space is
492
length (feet) ""Freq. (M)
(1)
c.
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a.leo are possible. In other words, the effect of tit
perfectly-reflecting ground is such that the
original free-space field strength may be multiplied by a factor which has a maximum value
of 2, for complete reinforcement, and having
all intermediate values to zero, for complete
cancellation. Since waves are always reflected
upward from the ground (assuming that the
surface is fairly level) 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. 2104 shows how the multiplying factor
varies with the vertical angle for several
representative heights for horizontal antennas.
The maximum value (2) comes at a vertical
angle of 90 degrees (directly upward) for an
antenna height of U wavelength. As the height
is increased the angle at which complete reinforcement takes place is lowered until it occurs
at a vertical angle of 15 degrees for a height
equal to one wavelength. Note that the factor
is zero for an angle of 30 degrees when the
antenna is one wavelength high, is zero at
slightly over 40 degrees for a height of ~ wavelength, and is zero at 90 degrees for a height of
7:i wavelength. This means that there can be
no radiation at these vertical angles for the
heights given, from a horizontal antenna
above perfectly-conducting ground.
We have already seen that the vertical angIe, or "angle of radiation" is of primary importance, especially at the higher frequencies.
It is therefore advantageous to erect the antenna at a height which will take advantage of
ground reflection in such a way as to reinforce
the space radiation at the most desirable angle.
Generally speaking, this simply means that
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the antenna. should be high; a.t least % wave-

length at 14 Mc. and preferably ~ or 1 wavelength; at least 1 wavelength and preferably
higher at 28 Mc. Fortunately the actual height
decreases as the frequency is increased so
that good heights are not impracticable; a
half wavelength at 14 Mc. is only 35 feet,
approximately, and the same height represents a full wavelength at 28 Mc. At 7 Mc. and
lower, the higher radiation angles are effective
so that again a reasonable antenna height is
not difficult of attainment. Heights between
35 and 70 feet are suitable for all bands, the
higher figures being preferable if circumstances
permit their use.
When the half-wave antenna is vertical the
maximum and minimum points in the curves
of Fig. 2104 exchange positions, so that the
nulls become maxima, and vice versa. In this
case, the height is taken as the distance from
ground to the center of the antenna.
Fig. 2104 is based on a ground having perfect
conductivity, a thing which is not met with in
practice. The principal effect of actual ground
is to make the curves inaccurate at the lowest
angles; appreciable high-frequency radiation at
angles smaller than about 5 degrees is practically impossible to obtain. Above 15 degrees,
however, the curves are accurate enough for all
practical purposes, and may be taken as indicative of the sort of result to be expected at
angles between 5 and 15 degrees.
The effective ground plane - that is, the
plane from which ground reflections can be
considered to take place - seldom is the actual
surface of the ground but is a few feet below it,
depending upon the character of the soil.
Vertical or Horizontal?

Although polarization is generally unimportant in high-frequency communication, the
question of whether the antenna should be installed in a horizontal or vertical position deserves consideration on other counts. A vertical half-wave antenna will radiate equally
well in all horizontal directions, so that it is
substantially non-directional in the usual
sense of the word. If installed horizonta.lIy,
however, the antenna will tend to show directional effects, and will radiate best in the
direction at right-angles, or broadside, to the
wire. The radiation in such a case will be least
in the direction toward which the wire points.
This can be seen readily by imagining that Fig.
2103 is lying on the ground and that the pattern is looked at from above.
The vertical angle of radiation also will be
affected by the position of the antenna. If it
were not for ground losses at high frequencies,
the vertical half-wave antenna would be preferred because it would concentrate the
radiation horizontally, Practically, this the-
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oretical advantage over the horizontal antenna
is of little or no consequence; in fact, at certain
heights the vertical antenna may actually not
be as good a low-angle radiator as the horizontal since, as previously explained, the positions
of the maxima and minima of Fig. 2104 are
interchanged when the antenna is vertical.
For the same pole height, a horizontal antenna usually will be more "in the clear" than
a vertical, so that energy losses in near-by objects usually will be less. The horizontal position is desirable if the antenna is used for
receiving, as previously explained. Also, the
horizontally-polarized transmissions are less
likely to cause interference with near-by broadcast receivers.

Theoretical horizontal-directivity patterns
for half-wave horizontal antennas at vertical
angles of 9, 15 and 30 degrees are given in Fig.
2106. At intermediate angles the values in the
affected regions also will be intermediate. Relative field strengths are plotted on a deoibel
Bcale (see Chapter 20) so that they represent as
nearly as possible the actual aural effect at the
receiving station. If the signal in the direction
of maximum intensity is 89, the smallest value
on the scale should be about 81.
The considerations discussed here in connec-

Effective Radiation Patterns

In determining the effective radiation pattern of an antenna it is necessary to consider
radiation in both the horizontal and vertical
planes ..When the half-wa ve antenna is vertical,
the vertical angle of radiation chosen does not
affect the 8hape of the horizontal pattern, but
only its relative amplitude. When the antenna
is horizontal, however, both the shape and
amplitude are dependent upon the angle of
radiation chosen.
Fig. 2105 should make this clear. The "freespace" pattern of the horizontal antenna
shown is a section cut vertically through the
solid pattern. In the direction aA, horizontally
along the wire axis, the radiation is zero. At
some vertical angle represented by the line
OB, however, the radiation is appreciable,
despite the fact that this line runs in the same
geographical direction as OA. At some higher
angle OC the radiation, still in the /tame geographical direction, is still more intense. The
effective radiation pattern therefore depends
upon the angle of radiation most useful. The
factors influencing the selection of these angles
were considered earlier in this chapter. It must
be remembered, however, that they represent
only average or near-average conditions, and
that the effective pattern is dependent upon
the conditions existing in the ionosphere. These
conditions may vary not only from day to day
and hour to hour, but even from minute to
minute. Obviously, then, the effective directivity of the antenna will change along with transmission conditions.
Fig. 2105 -Illustrating the
radiation in of
determining
antenimportance
vertical· angle
Of
na directional effects. Ground
reflection 's neglected in diis
drawing. As previously eiplained, reflection from die
ground will reinforce or cancel
radiation at certain vertical
ansles, depending upon die
height.

AD'
8

-/////JJ/ifZIlt!//~

Fig. 2106 - Horizoutal pattern of a horizontal
half-wave antenna at three vertical radiation angles.
Solid line i. relative radiation at 15 degrees. Dotted
lines show deviation from the IS.aegree pattern, for
angles of 9 and 30 degrees. The patterns are useful for
shape ouly, since the amplitude will depend upon the
beight of the antenna above ground and tbe vertical
angle considered. Tbe patterns for all tbree angles
have been proportioned to the same seale, but this does
not mean that the maximum amplitudes necessarily
are the same, Tbe arrow indicates the direction of tbe
antenna wire.

tion with half-wave antennas also apply to the
more complicated types described later.
• GROUNDED ANTENNAS

The grounded antenna is used almost exclusively for 1.75-Mc. work, where the length
required for a half-wave antenna would be excessive for most locations. An antenna worked
"against ground" need be only a quarter-wave
long, approximately, because the earth acts
as an electrical "mirror" which supplies the
missing quarter wave. The current at the
ground connection with a quarter-wave antenna is maximum, just as it is at the center of
a half-wave antenna.
On 1.75 Mc. the most useful radiation is
from the vertical part of the antenna, sinee
vertieally-polarized waves are characteristic of
ground-wave transmission. It is therefore de-
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mabIe to make the down-lead as nearly vertical
as possible, ind 9.1so as high as possible. This
gives low-angle sky-wave transmission which
is most useful for long-distance work at night,
in addition to a good ground wave for local
work. The horizontal portion contributes to
high-angle sky-wave transmission, which is
useful for covering short distances on this band
at night.
Fig. 2107 shows a grounded antenna with the
top folded to make the length equal to a quarter
wave. The antenna coupling apparatus consists of the coil L, tuned by the series condenser C, with L inductively coupled to the
transmitter tank circuit.
Fig. 2107- Typical grounded
antenna, consisting of a verti . .
cal section and horizontal
section baving a total lengtb
(including tbe ground lead
if tbe latter is more than a few
feet long) of one-quarter
wavelengtb. Coil L sbould
bave about 20 turns of No. 12
ou a tbree-incb diameter
fonu, tapped every two or
tbree turns for adjustment.
C is 250 to 500 1'4d. variable.
Tbe inductive coupling hetween L and the final tank
coil should be variable.

For computation purposes, the overall length
of a grounded system is given by
L (feet) =

236

f (Me.)

This length, it should be noted, is the total
length from the far end of the antenna to the
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ground connection. The length is not critical,
since departures of the order of 10% to 20%
can be compensated by the tuning apparatus.
The ground should preferably be one with
conductors buried deep enough to reach natural moisture. In urban locations, good grounds
can be made to water mains where they enter
the house; the pipe should be scraped clean
and a low-resistance connection made with a
tightly-fastened ground clamp. If no waterpipes are available several pipes, six to eight
feet long, may be driven into the ground at
intervals of six or eight feet, all being connected together. The transmitter should be
located so as to make the ground lead as short
as possible.
In locations where it is impossible to secure a
good ground connection because of sandy soil
or other considerations, it is preferable to substitute a counterpoise for the ground connection. The counterpoise consists of a system of
wires'insulated from ground running J;lOrizontally above the earth beneath the antenna. The
counterpoise should have a sufficient number of
wires of sufficient length to cover well the area
immediately under the antenna. The wires may
be formed into any convenient shape, i.e., they
may be spread out fan-shape, in a radial pattern, or three or more parallel wires separated a
few feet running beneath the antenna may be
used. The counterpoise should be elevated six
or seven feet above the ground so it will not interfere with persons walking under it. Connection is made between the usual ground terminal of the transmitter and each of the wires in
the counterpoise.
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Types of Lines - Matching to the Antenna - Coupling to
the Transmitter
PoWER may be applied to the antenna
either directly or through a transmission line.
Three methods of direct excitation are shown
in Fig. 2201. In A the antenna is cut at the
center and a small coil inserted. The coil is
coupled to the output tank circuit of the transmitter, with adjustable coupling so that the
transmitter loading can be controlled. Since
the addition of the coil "loads" the antenna,
or increases its effective length because of the
additional inductance, the series condensers
01 and 02 are put in the circuit to provide
electrical means for reducing the length to its
original unloaded value. This method of feeding is known as current feed, because power
is inserted at a high-current point.
The methods of B and a are called voltagefeed systems because the power is introduced
into the antenna at a point of high voltage. In
B the end of the antenna is coupled to the output tank circuit through a small condenser; in
a a separate tank, connected directly to the
antenna, is used. This tank is tuned to the
transmitter frequency and may be grounded at
one end or at the center of the coil, as shown.
Practical considerations and methods of ad-
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Fig. 2201 - Methods of direct feed to the balf-wave
antenna. A, current feed, series tuning; B, volta8e feed.
capacity COUplin8; C, voltage feed with inductively
coupled antenna tank. In A, the couplinl! apparatus is
Dot included in the antenna length.

justment of all three systems will be discussed
in a later section.
Direct excitation is seldom used except on
the lowest amateur frequencies. It involves
bringing the antenna proper into the operating
room and hence into close relationship with
the house and electric wiring, which usually
means that some of the power is wasted in
heating poor conductors in the field of the antenna. Also, it usually means that the shape of
the antenna must be distorted so that the expected directional effects are not realized, and
likewise means that the height is limited. For
these reasons, in high-frequency work practically all amateurs use transmission lines or
feeder systems which permit putting the antenna in a desirable location. The feeders do
not radiate or diSSipate themselves any substantial proportion of the power supplied by
the transmitter, provided good design practice
is followed.
• TRANSMISSION LINES

A transmission line is used to transfer power,
with a minimum of los8, from its source to the
device in which the power is to be usefully
expended. At radio frequencies, where every
wire carrying r.f. current tends to radiate
energy in the form of electro-magnetic waves,
special design is necessary to minimize radiation and thus cause as much as possible of the
power to be delivered to the receiving end of
the line.
Radiation can be minimized by using a line
in which the current is low, and by using two
conductors carrying currents of equal magnitudes but opposite phase so that the fields
about the conductors cancel each other. For
good cancellation of radiation the two conductors should be parallel and quite close to each
other.
The most common form of transmission line
consists of two parallel wires, maintained at a
fixed spacing of two to six inches by insulating
spacers or spreaders at suitable intervals (openwire line}. A second type consists of rubberinsulated wires twisted together to form a
flexible line without spacers (twisted-pair line).
A third uses a wire inside and coaxial with 8
tubing outer conductor, separated from the
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outer conductor by insulating spacers or
"beads" at regular intervals (coaxial or concentric line). A variation of this type uses solid
rubber insulation between the inner and outer
conductors, the latter usually being made of
braid rather than solid tubing so that the line
will be flexible. Still another type of line uses a
Bingle wire alone, without a second conductor
(single-wire feeder); in this case radiation is
minimized by keeping the line current low.
Line Operation

The length of transmission lines used at
radio frequencies is of the same order as the
length of the antenna, and therefore the current and voltage along the line may not be as
uniform at all points as it would be on, say,
a 60-cycle power line. In other words, standing
waves of current and voltage may appear on
the line. Standing waves occur when some of
the energy fed into the line by the transmitter
is reflected back from the opposite ortermination end of the line, which is the point where
the line attaches to the antenna in the transmitting case.
The standing-wave ratio
that is, the ratio
of current or voltage at a loop to the value at a
node
depends upon the resistance at the
receiving end of the line, or termination, and
the characteristic or surge impedance of the
line itself. The characteristic impedance of the
line is equal to the square root of the ratio of
inductance to capacity of the line per unit
length. The standing-wave ratio is the ratio
between the line impedance and the terminating resistance; that is,
z. Z,
Standing-wave ratio
- or Z,
Z.
where Z. is the characteristic impedance of the
line and Z, is the terminating resistance, Z, is
generally called an impedance, although it
must be non-reactive and therefore correspond to a pure resistance for the line to operate as described. This means that the load or
termination, when an antenna, must be resonant at the operating frequency,
The formula is given in two ways because it
is customary to put the larger number in the
numerator so that the ratio will not be fractional. As an example, a 600-ohm line terminated in a resistance of 70 ohms will have a
standing wave ratio of 600/70, or 8.57. The
ratio on a 70-0hm line terminated in a resistance of 600 ohms would be the same. This
means that if the current as measured at a
node, or minimum point, along the line is 0.1
amp., the current at a maximum or loop wilI be
0.857 amp.
When the line is terminated in a resistance
equal to its characteristic impedance, there is
no reflection and consequently no standing
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waves appear, as explained in Chapter 3.
The standing wave ratio therefore is 1. Such a
line is said to be non-resonant orHat, and may
be made any convenient length. For any given
length of line, the losses, both by heat and by
radiation, will be minimum when the line is
non-resonant. The input end of such a line
appears to the transmitter as a pure resistance
of a value equal to the characteristic impedance of the line.
When the standing wave ratio on the line is
appreciable the line is said to be resonant.
Unless the line is exactly the right length to
contain a whole standing wave (on the total
length of both conductors) or some integral
mUltiple of such a length, the input end of the
line will be reactive as well as resistive. To
make the line take maximum power with a
given degree of coupling, the reactive component must be cancelled out by tuning. Such
lines are therefore known as tuned lines. The
losses in a line having standing waves will increase with the standing-wave ratio. With airinsulated lines, the loss does not represent a
considerable fraction of the input power unless
the line is exceptionally long; with lengths up
to a few wave-lengths the increase in loss with
standing-wave ratios as high as 10 to 1 is not
appreciable when the line is air-insulated. With
lines using Bolid dielectrics the loss increases
at a much higher rate, and Buch lines should
always be operated non-resonant.
Characteristic Impedance

The characteristic impedance of aIr-lOBUlated transmission lines may be calculated from
the following formulas:
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Paranel-conductor line
b

Z =276 log ;;

(I)

where Z is the surge impedance, b the spacing,
center to center, and a the radius of the conductor. The quantities b and a must be measured in the same units (inches, etc.), Surge
impedance as a function of spacing for lines
using conductors of different size is plotted in
chart form in Fig. 2202.
Coaxial or concentric line
b

Z =138 log;

(2)

where Z again is the surge impedance. In this
case, however, b is the inside diameter (not
radius) of the outer conductor and a is the
Qutside diameter of the inner conductor. The
formula is true for air dielectric, and approximately so for a line having ceramic insulators
so spaced that the major proportion of the
insulation is air.
When a solid insulating material is used be·
tween the conductors the impedance decreases,
because of the increase in line capacity, by the
factor l/yk, where k is the dielectric constant
of the insulating material.
The impedance of a single-wire transmission
line varies with the size of the conductor, its
height above ground, and orientation with
respect to ground. An average figure is about
500 ohms.
Electrical length
The electrical length of a line is not exactly
the same as its physical length for reasons corresponding to the end effects in antennas.
Spacers used to separate the conductors have
dielectric constants larger than that of air,
so that the waves do not travel quite as fast
along a line as they would in air. The lengths of
electrical quarter waves of various types of
lines can be calculated from the formula
246 x V
Length (feet) ~ -Freq.
(M c. )

(3)

where V depends upon the type of line. For
lines of ordinary construction, V is as follows:
Parallel wire line
V = 0.975
Parallel tubing line
V = 0.95
Concentric line (air-insulated) V = 0.85
Concentric line (rubber-inau- }
lated)
V = 0.56-0.65
Twisted pair
Line Spacing

For effective cancellation of radiation, the
spacing between the two wires must be small

in comparison to the wavelength; a separation
of 0.01 wavelength or less is desirable. For 14
Mc. and lower, the wires need not be closer
than six inches, the length of the popular
"feeder spreaders" manufactured for this purpose. Even at 28 Mc. a separation of 6 inches
is fairly satisfactory, but for the ultra-high
frequencies the wires should be closer together.
From the practical standpoint, too.close
spacing is undesirable, especially with long
sections of line. The wires inevitably swing
with respect to each other when there is wind;
if the spacing is close, this means that in·
sulating spreaders must be installed at frequent intervals to prevent the wires from
touching, and this in turn increases the weight
of the line. Swinging also causes a varying detuning effect, since the change in spacing represents a change in line constants which reacte
on the transmitter, causing periodic variations
in loading.
For work on communication frequencies, the
6-inch spacing for open lines represents a compromise which works out well in practice.
Line Los,ses

Air-insulated non-resonant lines operate at
quite high efficiency. Parallel-conductor lines
average 0.12 to 0.15 db loss per wavelength of
line. These figures hold only if the standing
wave ratio is 1. The losses increase with the
standing-wave ratio, rather slowly up to a
ratio of 15 to 1, but rapidly thereafter. For
standing-wave ratios of 10 or 15 to 1 the increase is inconsequential.
Concentric lines with air insulation a.re
excellent when dry, but losses increase if there
is moisture in the line. Provision therefore
should be made for making such lines airtight, and they should be thoroughly dry when
assembled. This type of line has the least
radiation loss. The small lines (%-inch outer
conductor) should not be used at high voltages, hence it is desirable to keep the standing·
wave ratio down.
Good quality rubber insulated lines, both
twisted pair and coaxial, average about 1 db
loss per wavelength of line. At the higher
frequencies, therefore, such lines should be
used only in short lengths if losses are important. These lines have the advantages of compactness, ease of installation, and flexibility.
Ordinary lampcord has a loss of approximately
1.4 db per wavelength, when dry, but its
losses become excessive when wet. The parallel
moulded-rubber type is best from the standpoint of withstanding wet weather. The characteristic impedance of lampcord is between
120 and 140 ohms.
The loss in db is directly proportional to the
length of the line. Thus a line which has a loss
of 1 db per wavelength will have an actual loss
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of 3 db if the line is three wavelengths long. In
the case of line losses, the length is not expressed in terms of elel'tril'8 I length but in
physical length; that is, a wavelength of line,
in feet, is equal to 984/Freq.(Mc.) for computing loss. This permits a direct comparison
of lines having the same physical length. The
electrical lengths, of course, may differ
considerably.
• NON-RESONANT LINES

The several advantages of operating transmission lines non-resonant
minimum losses,
and elimination of the necessity for tuning -
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make this type of line attractive. The chief disadvantage of the non-resonant line, aside from
the necessity for more care in initial adjustment, is that when" matched" to the ordinary
antenna it is matched only for one frequency,
or at most for a small band of frequencies on
either side of the frequency for which the
matching is done. Except for a few special systems, this means that the antenna is unsuitable
for work on more than one amateur band.
Adjustment of a non-resonant line is simply
that of adjusting the terminating resistance to
match the characteristic impedance of the line.
To accomplish this, the antenna itself must be
resonant at the selected frequency, and the line
must then be connected to it in such a way that
the antenna impedance as looked at by the line
is the right value. The matching may be done
by connecting the line at the proper spot along
the antenna, or by inserting an impedance
transforming device between the antenna and
line.
In the following examples of ways in which
different types of lines may be matched to the
antenna, a half-wave antenna is used as an example. Other types of antennas may be
treated by the same methods, making due
allowance for the order of impedance that appears at the end of the line with more elaborate
systems.
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Fig. 2204 - Charts for determining the length of
half-wave antennas for use on various amateur bands.
Solid lines indicate antenna length (lower scale); dotted
lines point of connection for single.wire feeder (upper
aeale) measured from center of antenna.
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chart. Fig. 2.204.
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Single-WIre-Feed

In the single-wire-feed system the return
circuit is considered to be through the ground.
There will be no standing waves on the feeder

F Sk'~::e:1rre

If
r

when series plate feed is used. It should have a
voltage rating somewhat above that of the
plate supply. Almost any capacity greater
than 500 ppfd. will be satisfactory. The condenser is unnecessary, of course, if parallel

,r-

.

-:,t:

A

B

when its characteristic impedance is matched
by the impedance of the antenna at the connection point. The principal dimensions are
the length of the antenna L, Fig. 2203, and the
distance D from the exact center of the antenna to the point at which the feeder is attached. Approximate dimensions can be obtained from Fig. 2204 for an antenna system
having a fundamental frequency in any of the
amateur bands.
In constructing an antenna system of this
type the feeder must run straight away from
the antenna (at a right angle) for a distance of
at least one-third the length of the antenna.
Otherwise the field of the antenna will affect
the feeder and cause faulty operation. There
should be no sharp bends in the feeder wire
at any point.
Correct antenna length and placing of the
feeder should be checked experimentally if best
results are to be obtained. If, for instance,
impedances are not correctly matched, standing waves will appear upon the line. With
simple capacitive coupling to the feeder - as
in Fig. 2205-A, high r.f. potentials may, as a
result, develop at undesirable points in the
transmitter. A good ground connection should
be made to the filament center-tap or center
point of the filament by-pass condensers when
this system is used. The presence of standing
waves may be detected most accurately by
placing a low-reading thermo-ammeter at
several points approximately U wave apart
along the transmission line. The reading
should be substantially constant all along the
line with no indication of pronounced increases
or decreases.
With the coupling system shown in Fig.
2205-A, adjustment is as follows: Starting at
the ground end of the tank coil, the tap is
moved towards the plate end until the amplifier draws the rated amount of plate current.
The plate tank condenser should be readjusted
each time the tap is changed, to bring the
plate current to minimum. The amplifier is
loaded properly when this "minimum" is
the rated current. The condenser in the feeder

is for the purpose of insulating the antE'nna
system from the high-voltage plate supply

Fig. 2205 - Methods of
coupling the single.wire feeder
to the transmitter. Cireuits
are shown for hoth aingle.
ended and halanced tank
circuits. They are discussed
in the text.

plate feed is used. Several methods of inductive
coupling to the output circuit are shown in
Fig. 2205. In coupling to balanced output
circuits, the method shown at the right is
preferred. The antenna tank circuit should
tune to resonance at the operating frequency
and the loading is adjusted by varying the
coupling between the two tanks, both being
kept tuned to resonance. Or the feeder may be
tapped on the antenna tank, when the tap is
adjusted as explained previously. Regardless
of the type of coupling, a good ground connection is essential with this system. Singlewire-feed systems work best over moist
ground, and poorly over rock and sand.
Twisted-Pair Feed
It is evident from the formula for characteristic impedance previously given that the
clo'ler the spacing and the larger the wires, the
lower will be the impedance. A two-wire line
composed of twi"ted rubber-covered wire can
be constructed to have an impedance approximately equal to that at the center of the
antenna itself, thus permitting the method of
connecting the line to the antenna shown in
Fig. 2206. Such discrepancy as may exist between line and antenna impedance can be
compensated for by a slight fanning of the line
whl're it connects to the two halves of the
antenna, as shown at B in Fig. 2206.
The twisted line is a convenient type to use,
: B

Fig. 2206 - A hall.wave antenna center-fed hy a
twisted pair line. An improved impedance match often
will result if the antenna end of the line is fanned out in
the shape of a "V" (or the last 18 inches or so of its
I..n~!h. Two insulatol'll also should be used at the center
of the antenn 1 so the open end ot the "V" will be approx.
imately 18 inch ... wide. The antenna length (not ineloding
tbe eenter insulator). sbould equal one.balf wavelength
for the operating frequency. Sec Fig. 2204.
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since it i.e eaey to inBtllll and the r.f. voltage

ard

on it ill low because of the low impedance. This
makes insulation an easy matter. The losses
are slightly higher than those in spaced lines
with air insulation, however, and will increase
with frequency. Special twisted line for tran&mitting purposes, having lower losses than
ordinary rubber-covered wire, is available. It
is known as "EO-I" cable.
The antenna should be one-half wavelength
long for the frequency of operation, as determined by charts of Fig. 2204 or the formula
given in Chapter 21. For accuracy, its length
may be checked as described at the end of this
chapter, this checking being done before the
antenna is cut at the center to insert the feeder.
The amount of "fanning" (dimension B)
will depend upon the kind of cable used; the
right value usually will be found between 6
and 18 inches. It may be checked by inserting
ammeters in each antenna leg at the junction
of the feeder and antenna; the value of B
which gives the largest current is correct.
Alternatively, the system may be operated
continuously for a time with fairly high d.
power input, after which the feeder may be
inspected (by touch) for hot spots. These
indicate the presence of standing waves, and
the fanning should be adjusted until they
are eliminated or minimized. Each leg of the
feeder forming the triangle at the antenna
should be equal in length to dimension B.
Methods of coupling to the transmitter are
discussed later in connection with Fig. 2209.

ing for the outer conductor and No. 14 wire for
the inner. Ceramic insulating spacers are
available commercially for this combination.
Also available is a rubber-insulated concentric line, with wire inner conductor and metal
braid outer conductor, having the requisite
impedance for connection to the center of the
antenna. This type is more flexible and considerably lighter.
The operation of such an antenna system is

Concentric Line Feed

A concentric transmission line readily can be
constructed to have a surge impedance equal to
the 70-ohm impedance at the center of a halfwave antenna. Such a line, therefore, can be
connected directly to the center of the antenna, forming the system shown in Fig. 2207.
Solving Equation (2) for an air-insulated
concentric line shows that, for 70-ohm surge
impedance, the inside diameter of the outer
conductor should he approximately 3.2 times
the outside diameter of the inner conductor.
This condition can be fulfilled by using stand·

Inner wire
Qr liJbin9

Outer Tubin

Optional"round
outer CtmdllCtor,

/Q

rool.

;!;'"

FiB. 2207 - Half.wave antenna wiJh concentric
transmission line. The antenna length should he one·
half wavelength a. determined by the formula or Fig.
2204.
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~6-inch

(outside-diameter) copper tub·

----------------~------.-----------

FiB. 2208 - Two.wire matched.impedance antenna
system. The dimensions C, D, and E are given in the
text. It is important that the matching section, E, come
straight away from the antenna without any bend ••
L is one.half wavelength for the operating frequency.

similar to that of the twisted-pair system just
described, and the same transmitter-coupling
arrangements may be used. A simple form of
coupling is ~hown in Fig. 2209, consisting of a
loop of a few turns of wire placed around or
near the transmitter tank coil. No tuning apparatus is required, the loading being adjusted
by varying the.coupling between the two coils.
The outer conductor of the line may be
grounded if desired. The feeder system is
slightly unbalanced because the inner and
outer conductors do not have the same capacity to ground. There should be no radiation,
however, from a line having the correct surge
impedance.
Delta MatchinA Transformer

Because of the extremely close spacing required, it is impracticable to construct an
open-wire transmission line which will have a
surge impedance low enough to work direotly
into the center of a half-wave antenna. Such
wire lines usually have impedances between
400 and 700 ohms, 600 ohms being a widelyused value. It is therefore necessary to use
other means for matching the line to the
antenna.
One method of matching is illustrated by the
antenna system of Fig. 2208. The section E is
"fanned" to have a gradually increasing im·
pedance so that its impedance at the antenna
end will be equal to the impedance of the an-
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tenna section C, while the impedance at the
lower end matches that of a practicable
transmission line.
The antenna length L, the feeder clearance
E, the spacing between centers of the feeder
wires D, and the coupling length C are the important dimensions of this system. The system
must be designed for exact impedance values
as well as frequency values and the dimensions
are therefore fairly critical.
The length of the antenna is figured from
the formula or charts previously given.
The length of section C is computed by the
formula:
123
C (feet) "" F req. (M)
c.
The feeder clearance E is worked out from
the equation:
148
E (feet) "" F req. (M)
c.
The above equations are for feeders having a
characteristic impedance of 600 ohms and will
not apply to feeders of any other impedance.
The proper feeder spacing for a 600-ohm transmission line is computed to a sufficiently close
approximation by the following formula:

D = 75 X d
where D is the distance between the centers of
the feeder wires and d is the diameter of the
wire. If the wire diameter is in inches the spacing will be in inches and if the wire diameter is
UNBALANCED

A

in millimeters the spacing will be in millimeters.
Methods of coupling to the transmitter are
discussed in the following section.
Couplinl1 to Untuned Lines
Similar coupling methods are used with all
types of two-wire transmission lines, whether
of high or low impedance. Several systems are
shown in Fig. 2209. The inductively coupled
methods are preferable to direct coupling when
a single-ended or unbalanced tank circuit feeds
a balanced transmission line; this avoids line
unbalance which might occur with direct
coupling. In the direct-coupled circuits, the
fixed condensers are useful only when the output amplifier plate supply is series-fed. These
condensers, when used, should have a rating
somewhat above the maximum plate voltage
used and should have a capacity of 500 ILlLfds.
or more. With the methods B, C, D or E, the
taps should be placed symmetrically about the
center or d. ground point on the coil. The taps
should be adjusted to make the final amplifier
draw normal plate current; if the line is operating properly the taps will not affect the setting
of the plate tank condenser. In the case of the
methods shown at Band D the liIik coils may
consist of a few turns each, and the coupling
between one tank and link, preferably the antenna tank, should be variable. The antenna
tank is first adjusted to resonance with the
plate tank circuit, using loose coupling; the
taps are then set at trial positions and the curBALANCED

-tn/" ' "' '

c

H~T~

Fig. 2209 - Suitable method. for coupling output
eirouiu to all types of two-wire untuned transmi..ion
lines includin g twisted pair lines, coneen tric lines and
open wire lines. Arrows indicate directions for cbange of
coupling. Link lines always should be coupled to a point
of low r.f. potential on the transmitter tank, to avoid
transfer of harmonics to the antenna.
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rent in the line mea.sured. The tap poeitioulI,
coupling between the coils and tuning of both
tank circuits are then adjusted to give maxi·
mum line current with normal tube plate
current.
The network shown at E is described later in
this chapter.
• LINEAR MATCHING SECTIONS
In the antenna-feeder systems just described, impedance matching depends upon
connecting the line to an appropriate point on
the antenna. An alternative method is to con·
nect an impedance-matching transformer between the line and antenna when the line
impedance is not the same as that at the center
of the antenna. The "transformer" ordinarily
used does not resemble the ordinary coupled
r.f. circuit, but is simply a section of transmission line. A quarter-wave two-wire transmission line is such a "linear transformer."
When a quarter-wave line has a given value
of impedance connected to one end, the impedance 'appearing at the other end depends upon
the surge impedance of the line:

Z.2
Zl = Zt
where Zl is the unknown impedance at one
end, Z2 the known impedance at the other end,
and Z, is the line surge impedance. At intermediate points on the line the impedance will
be intermediate between the two end values.
It is therefore possible to tap along tht' line to
match a wide range of impedances. when the

t

B

I

Fig. 2210 - Impedance.matching antenna systems
with quarter.wave open wire matching transformers.
Antcnna dimensions can be found from Fig. 2204. The
dimension B, one.quarter wavelength, can be found from
Equation (3). The dimension C must be lound byexperi.
ment, as described in the text.
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Fig. 2211 - Line-current measuring device for adjustment of untuned transmission lines.

quarter-wave "matching section" is con.
nected to a high- or low-impedance point on
the antenna.
Quarter-wave matching sections are particularly useful when a non-resonant line having a surge impedance of 600 ohms (a popular
value) is to be matched to the antenna.
Fig. 2210 shows two methods of coupling a
non-resonant line to a half-wave antenna
through a quarter-wave matching section. In
the case of the center-fed antenna the free end
of the matching section, B, is open (high impedance) since the other end is connected to a
low-impedance point on the antenna. With the
end-fed antenna the free end of the matching
section is closed through a shorting bar or link;
this end has low impedance since the other end
is connected to a high-impedance point on the
antenna.
In the center-fed system, the antenna and
matching section should be cut to the lengths
found from the formulas previously given. Any
necessary on-the-ground adjustment can be
made by adding to or clipping off the open ends
of the matching section. The matching section
in the end-fed system can be adjusted by making the line a little longer than necessary and
adjusting the system to resonance by moving
the shorting link up and down. Resonance can
be obtained by exciting the antenna from a
temporary antenna nearby (the transmitter
being on the proper frequency, of course) and
measuring the current in the shorting bar by
a low-range r.f. ammeter or galvanometer.
The position of the bar should be adjusted for
maximum current reading. This should be done
before the untuned line is attached to the
matching section.
The position of the line taps must be determined experimentally, since it will depend
upon the impedance of the line as well as the
antenna impedance at the point of connection.
The procedure is to take a trial point, apply
power to the transmitter, and check the
non-resonant line for standing waves. This
can be done by measuring the current in the
wires, using a device of the type pictured in
Fig. 2211. The hooks (whicb should be sharp
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enough to cut through insulation, if any, of the
wires) are placed on one of the wires, the spacing between them being adjusted to give a
suitable reading on the meter. At anyone position along the line the currents in the two
wires should be identical. Readings taken at
intervals of a quarter wavelength will indicate
whether or not standing waves are present.
It will not usually be possible to obtain
complete elimination of standing waves when
the matching stub is exactly resonant. The
line taps should be adjusted for the smallest
standing-wave ratio, after the system is resonated as described above, that it is possible to
obtain. Then a further "touching up" of the
matching stub will eliminate the remaining
standing wave, provided the adjustments are
made carefully. The stub must be readjusted
because when resonant it exhibits some reactance as well as resistance at all points
except at the ends, and the slight lengthening
or shortening of the stub is necessary to tune
out this reactance. The required readjustment
is quite small, however.
) An impedance mismatch of several per cent
is of little consequence so far as power transfer to the antenna is concerned. It is relatively
easy to get the standing wave ratio down to
2 or 3 to 1, a perfectly satisfactory condition in
practice. Of considerably greater importance
is the necessity for getting the currents in the
two wires balanced both as to amplitude and
phase.'- If the currents are not the same at
corresponding points on adjacent wires, and
the loops and nodes do not also occur at corresponding points, there will be considerable
radiation loss. This balance can only be
brought about by perfect symmetry in the
line, particularly with respect to ground. This
symmetry should extend to the coupling apparatus at the transmitter. An electrostatic
shield between the line and the transmitter
coupling coils often will be of value in preventing capacity unbalance, and at the same
time will reduce harmonic radiation.

Fig. 2212 - The HQ" antenna with quarter.wave
matehing section Ulling spaced tubing. Antenna length
can be found from Fig. 2204. The matching section
lengtb, B, is given by Equation (3). The spacing, C, depends upon the impedanee of the untuned line, and can
be found from Fig. 2202 for a given size of tubing to
make a line having surge impedance determined hy
Equation 4. ,

When the connection between matching seetion and antenna is unbalanced, as in the endfed system, it is important that the antenna be
the right length for the operating frequency if
a good match is to be obtained. The balanced
center-fed system is less critical in this respect.
The shorting-bar method of tuning the centerfed system to resonance may be used if the
matching section is extended to a half-wavelength, bringing a current loop at the free end.
The "Q" Antenna

The impedance of a two-wire line of ordi4
nary construction (400 to 600 ohms) can be
matched, without tapping, to the impedance
of the center of a half-wave antenna by the use
of a quarter-wave line of special characteristics.
The matching section must have low surge
impedance and therefore is commonly constructed of large-diameter conductors such as
aluminum or copper tubing, with fairly close
spacing. This type of antenna can be purchased in kit form and is known as the" Q"
antenna. It is shown in Fig. 2212. The important dimensions are the length of the
antenna, the length of the matching section,
B, the spacing between the two conductors of
the matching section, C, and the impedance
of the untuned transmission line connected to
the lower end of the matching section.
The required surge impedance for the matching section is

(4)
where the quantities are the same as previously
given. A quarter-wave section matching a
600-ohm line to the center of e. half-wave antenna (72 ohms), for example, should have a
surge impedance of 208 ohms. The spacings
between conductors of various sizes of tubing
and wire for different surge impedances are
given in graphical form in Fig. 2202. With
half-inch tubing, for example, the spacing
should be 1.5 inches for an impedance of 208
ohms.
The length, B, of the matching section
should be equal to a quarter wavelength, and
is given by
Length of!4
234
wave line (feet) = Freq. (Mc.)
The length of the antenna can be calculated
from the formula in Chapter 21 or taken from
the charts of Fig. 2204.
This system has the advantage of the simplicity in adjustment of the twisted pair feeder
system and at the same time the superior insulation of an open-wire system.
• THE RESONANT TWO-WIRE LINE

It is often helpful to look upon the resona.nt!
line simply as an antenna folded back on itself
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110 that the radiation from one half 18 eaneelled
by the out-of-phase radiation from the other
half. Such a line may be any whole-number
multiple of a quarter-wave in length; in other
words any total wire length which will accommodate a whole number of standing waves.
(The "length." however, of a two-wire line is
always taken as the length of one of the wires.)
Quarter- and half-wave resonant lines are
shown in Fig. 2213. The current distribution on
both antenna and line is indicated. It will be
noted that the quarter-wave line has maximum current at one end and minimum current
at the other, determined by the point of connection to the antenna. The hali-wave line,
however, has the same current (and voltage)
values at both ends; if the line is closed at one
end, the current is maximum at both ends and
the voltage minimum, while if both ends are
open the current is minimum and the voltage
maximum at the ends. The terms" open" and
"closed" as used here do not mean necessarily
that nothing is connected to the line, or that
the line is short-circuited. Actually, of course,
something must be connected to the line for it
to function; the "open" end would be connected to a high-voltage low-current circuit
and the "closed" end to a low-voltage highcurrent circuit.
If we connect a quarter-wave line to the end
of an antenna as shown in Fig. 2213-A, then at
the transmitter end of the line we have high
current and low voltage, so that current feed
(Fig. 220l-A) with a coil and series condensers
(series tuning) can be used. Should the line be a
half-wave long, as at 2213-B, current will be

minimum at the transmitter end of the line,
just as it is at the end of the antenna. Voltage
feed therefore is required and the parallelresonant tuned circuit (Fig. 2201-0) (parallel
tuning) must be used. The line could be coupled
to a balanced final tank through small condensers, as in Fig. 2209-0, but the inductivelycoupled circuit is preferable. An end-fed antenna with resonant feeders, as in 2213-A and
B, is known as the "Zeppelin," or "Zepp,"
antenna.
The line also may be inserted at the center of
the antenna at the maximum-current point.
Quarter- and half-wave lines used in this way
are shown at Fig. 2213-0 and D. In 0, the an·
tenna end of the line is "closed," hence at the
transmitter end the current is low and the
voltage high. Parallel tuning therefore is used.
The half-wave line at D has high current and
low voltage at both ends, so that series tuning
is used at the transmitter end.
A significant point to be noted is that the
antenna determines the distribution of voltage
and current. In Fig. 2213-0, for instance, series
tuning (current feed to the feeders) cannot be
used because there must be high current at the
center of the half-wave antenna if it is to operate; consequently the voltage must be high at
the transmitter end of the quarter-wave
feeder. If we attempt to make this end of the
feeder carry high current we should have to
have high voltage at the center of the antenna.
Logically it follows that, since each end of the
antenna is one-quarter wave from the center,
we should have to have high current at the
antenna ends. This of course is impossible. If
series tuning is used in the arrangement of Fig.
2213-0 it will be found that the combination
"will not tune"; in other words, the antenna
will not take power from the transmitter.
Practical Antennas Usinef Resonant-Line
Feed

The four arrangements shown in Fig. 2213
are thoroughly useful antenna systems, and are
shown in more practical form in Fig. 2214. In
each case the antenna is a half wavelength
long, the exact length being calculated or
taken from the charts of Fig. 2204. The line
length should be an integral (whole number)
multiple of a quarter wavelength, and may be
calculated from Equation (3) the result being
multiplied by any whole number which gives a
(D) total length convenient for reaching from the
(8)
antenna to the transmitter. If there is an odd
number of quarter waves on the line in the case
of the end-fed antenna, series tuning will be
used at the transmitter end; if an even number
of quarter waves, then parallel tuning is used.
Fig. 2213
Half.wave antennae fed from resonant
With the center-fed antenna the reverse is
lin.... A and B, end feed witb quarter- and balf-wave
true.
lines; C and D. center feed. The current distribution is

I

I

shown for all four cae....
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Tunin~

The tuning procedure with series tuning is as
follows: With C1 and C2 at minimum capacity,
couple the antenna coil LI loosely to the transmitter output tank coil and observe the plate
current. Then increase Cl and C2 simultaneously, until a setting is reached which gives
maximum plate current, indicating that the
antenna system is in resonance with the transmitting frequency. Readjust the plate tank
condenser to minimum plate current. This is
necessary because tuning the antenna circuit
will have some effect on the tuning of the plate
tank. The new minimum plate current will be
higher than with the antenna system detuned,
but should still be well below the rated value
for the tube or tubes. Increase the coupling between Ll and L2 by a small amount, readjust
C1 and C2 for maximum plate current, and
again set the plate tank condenser to minimum. Continue this process until the minimum plate current is equal to the rated plate
current for the amplifier. Always use the degree of coupling between Ll and ~ which will
just bring the amplifier plate current to rated
value when Cl and C2 pass through resonance.
The r.f. ammeters should indicate maximum
feeder current at the resonance setting; these
meters are not strictly necessary, but are useful

in indicating the relative power output from
the transmitter.
With parallel tuning the procedure is quite
similar, except that only one antenna condenser is used. Find the value of coupling between Ll and L2 which will bring the plate
current to the desired value as C1 is tuned
through resonance. Again a slight readjustment of the amplifier tank condenser may be
necessary to compensate for the effect of
coupling.
Feeder Current

The feeder current as read by the r.f. ammeters is useful for tuning purposes only; the
absolute value is of little importance. When
series tuning is used the current will be high,
but very little current will be indicated in a
para.llel-tuned system. This is because of the
current distribution on the feeders as shown by
Fig. 2213. With a given antenna and tuning
system, of course, the greatest power will be
delivered to the antenna when the readings are
. highest. However, should the feeder length be
changed no useful conclusions can be drawn
from comparison between the new and old
readings. For this reason any indicator which
registers the relative intensity of r.f. current
can be used for tuning purposes. Many amateurs, in fact, use flashlight or dial lamps for
this purpose instead of meters. They are

t

y

(c)

L,
XMTR~L2

TANK

-x_

X

I
v

v

(8)

!

(D)

M

C,~C2
XMTR~L2
TAHK

Fill. 2214 - Practical half-wave antenna oystems using resonant-line feed. In the _ter-feed .yatemo, the antenna
length "X" does not include the length of the insulator at the center. Line length is measured from the antenna to the
tuning apparatuo; leads in the latter should be short enough to be neglected. The two meters shown are helpful for
balancing feeder currents; however. one is sufficient for tuning for maximum output, and may be tran8ferred from
One feeder to the other. if desired. The sY8tems at (A) and (e) are for feeders an odd number of quarter-waves in
length; (B) and (D) for feeders a multiple of a half wavelength. The drawinp correspond e1eetricaUy to those of
Fig. 2213.
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cheap, and when shunted by short lengths of
wire so that considerable current can be passed
without burnout will serve very well even with
high-power transmitters.
Circuit Values

The values of inductance and capacity to
use in the antenna coupling system will depend upon the transmitting frequency, but
are not particularly critical. With series tuning,
the coil may consist of a few turns of the same
construction as is used in the final tank; average values will run from two or three turns at
28 Me. to perhaps 10 or 12 at 3.5 Me. The
number of turns preferably should be adjustable so that the inductance can be changed
should it not be possible to reach resonance
with the condensers used. The series condensers
should have a maximum capacity of 250 or
350 I-II-Ifd. at the lower frequencies; the same
values will serve even at 28 Me., although 100
I-II-Ifd. will be ample for this and the 14-Mc.
band. Since series tuning is used at a lowvoltage point in the feeder system, the plate
spacing of the condensers does not have to be
large. Ordinary receiving-type condensers are
large enough for plate voltages up to 1000,
and the smaller transmitting condensers have
high-enough voltage ratings for higher-power
applications. With high-power 'phone it may
be necessary to use condensers having a plate
spacing of approximately 0.15 to 0.2 inch.
In parallel-tuned circuits the antenna coil
and condenser should be approximately the
same as those used in the final tank circuit.
The antenna tank circuit must be capable of
being tuned independently to the transmitting
frequency, and if possible provision should be
made for tapping the coil BO that the LIO
ratio can be varied to the optimum value as
determined experimentally.
Alternative Couplinl1 Circuits

The coupling arrangements in Fig. 2214 are
simple and easy to adjust, but the antenna coil
must be arranged so that its position with
respect to the output tank coil can be changed.
In practice, the antenna coil usually is mounted
so that it can be moved toward or away from
the final tank coil (the two coils being coaxial)
on insulating barB or some other device which
permits the coil to be slid back and forth.
A swinging mount also can be used. These
schemes are someMmes inconvenient for mechanical reasons.
Coupling circuits which do not involve moving coils - or at most only a variable link coil
of the type now available on manufactured
transmitting coils - are shown in Fig. 2215.
At A is a link-coupled system with taps on the
antenna coil for adjusting the loading. The link
at the transmitter tank coil may consist of one
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or two turns wound around the coil a.t a. lowpotential point. At the antenna circuit, the
taps are kept equidistant from the center of the
coil, the number of turns between taps being
adjusted to give the desired plate current
when the antenna-feeder system is tuned to
resonance. The tap adjustment will be right
when the antenna condenser or condensers
bring the plate current to the desired value
just as they are passing through resonance.
The system may be used with either series or
parallel tuning; the circuit values will be the
same as with the inductively-coupled arrangements of Fig. 2214. When the coupling and
tuning adjustments are correct there will be
practically no detuning effect on the transmitter tank; that is, the resonance setting
should be practically the same both with and
without the link connected to L.
In B, link coupling is used at both ends, in
which case the coupling between one coil and
its link must be variable. Variable coupling at
either end will be satisfactory. Swinging links
XMTR.

r~ ~L'----~;:rs
(A)

~~

t,

XMTR.

~

TANK

Th::~~
'iF

L~

(e)
Fig. 2215 - Antenna coupling systems without
movable coils. A. and B. link-coupled circnits for series
and parallel tuning; C, balanced low-pass filter. In A. and
B, dotted lines show connections for parallel tuning
when called for; in such CBse the series condensers. Cl
and C2. may be set at maximum eapacity or short.
circuited. Constants for L, Ct, C2 and Ca are the same a8
for inductive coupling. and are discUllsed in the text.
In C. Cl and Ca may be 100 to 250 I'JLfd. each, the
higher·capacity valnes being used for lower.frequency
operation (3.5 and 1.75 Me.). Plate spacing should in
general be at least half that of the /inal amplifier tank
condenser. :For operation from 1.75 to 14 Me., Lt and 14
each should be 15 turns 2~ inches in diameter. spaced
to occupy 3 inches length, and tapped every three tUrDll.
Approximate settings are 15 turns for 1.75 Me., 9 turns
for 3.5 Me., 6 turns for 7 Mc., and 3 turns for 14 Me.
The coils may he wound with No. 14 or No. 12 wire.
See text for method or adjustment.
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suoh as those shown in Chapter 10 may be
used, or the link coil may be mounted inside
the tank or antenna coil and arranged so that it
may be rotated with respect to the ooil. The
adjustment method is the same as with the
circuit of A except that the link position at the
variable-coupling end is changed instead of
the taps. Either series or parallel tuning again
may be used.
Suitable link lines may be made from twisted
rubber-covered pair, just as in the case of linkcoupled stages in the transmitter. They may
be of any convenient length, so that the antenna tuning unit may be mounted at the point
where the feeders enter the building or operating room, if desired, regardless of the position
of the transmitter.
A balanced pi-section coupling network is
shown in Fig. 2215-C. This is a low-pass filter
capable of coupling between a fairly wide
range of impedances such as is encountered in
going from series to parallel tuning. Suitable
constants are given under the diagram. The
method of adjustment is as follows: First,
with the filter disconnected from the transmitter tank, tune the transmitter tank to
resonance, as evidenced by minimum plate
current. Then, with trial settings of the clips
on Ll and L2 (few turns for high frequencies,
more for lower) tap the input clips on the final
tank coil at points equidistant from the center
so that about half the coil is included between
them. A balanced tank circuit must be used.
Set C2 at about half scale, apply power, and
rapidly rotate Cl until the plate current drops
to minimum. If this minimum is not the desired full-load plate current, try a new setting
of C2 and repeat. If, for all settings of C2, the
plate current is too high or too low, try new
settings of the taps on L1 and L2, and also on
the transmitter tank. Do not touch the tank
condenser during these adjustments. When,
finally, the desired plate current is obtained,
set C1 carefully to the exact minimum platecurrent point. This adjustment is important in
minimizing harmonic output.
With some lengths of resonant lines, particularly those not exact multiples of a quarter
wavelength, it may be difficult to get proper
loading with the pi-section coupler. Usually,
these lengths also will be difficult to feed with
other systems of coupling. In such cases, the
proper loading often can be obtained by varying
the LIC ratio of the filter over a considerably
wider range than is used for normal loads.
Feeder Lenllths
The fact that the feeder-tuning apparatus
makes it possible to vary the electrical length
of the feeder obviates, to some extent, the
necessity for cutting resonant feeders to exact
integral multiples of a quarter wavelength.

It is, in fact, possible to depart as much as 25%
of a quarter wave from the exact length and
still tune the system properly. In suoh case, the
type of tuning to use, series or parallel, will
depend on whether the length of the feeder is
nearer an odd number of quarter waves or
nearer an even number.
Departure from the exact length is often
convenient on the lower frequencies, where
even a quarter-wave feeder may be physically
longer than is desired. At 3500 kc., for example,
a quarter-wave line is approximately 67 feet
long. Its length could be reduoed to 50 feet
and still be made to resonate with series tuning
by using a sufficiently large coupling coil. In
suoh case the condensers might be shorted out
and the tuning done by varying the coil induotance. Alternatively, a 100-foot line could
be used on the same frequency by using a
smaller coil and reduced series capacity.
Whenever possible, however, it is advisable
to stick to the integral multiples of a quarter
wavelength. This is the surest way of avoiding
the tuning difficulties which often arise when
the line is midway between lengths calling for
series and parallel tuning.
Antenna Lenllth in Relation to Feeder
Operation
It has been previously pointed out that inso-

far as the operation of the antenna is concerned, departures of a few per cent from the
exact length for resonance are of negligible
consequence. Such inaccuracies may influence
the behavior of the feeder system, however,
and as a result may have an adverse effect on
the operation of the system as a whole. This
is true of the end-fed antennas such as are
shown in Fig. 2214-A and -B.
For example, Fig. 2216-A shows the current
distribution on the half-wave antenna and
quarter-wave feeder when the antenna length
is correct. At the junction of the" live" feeder
and the antenna the current is minimum so
that the currents in the two feeder wires are
equal at all corresponding points along their
length. When the antenna is too long, as in B,
the ourrent minimum occurs at a point on the
antenna proper, so that at the top of the live
feeder there is already appreciable current
flowing, whereas at the top of the "dead"
feeder the current must be zero. As a result, the
feeder currents are not balanced and some
power will be radiated from the line. In C
the antenna is too short, bringing the current
minimum to a point on the live feeder, so that
again the currents are unbalanoed. The more
serious the unbalance the greater the radiation
from the line.
Strictly speaking, a line having an unbalanced oonnection such as the one-way termination at the end of an antenna cannot be truly
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balanced even though the antenna length is
correct. This is because ot the dilterence in
loading on the two sides. The effect is fairly
small, however, when the currents are balanced, and the illustration just given serves to
emphasize the importance of correct antenna
length.
If the antenna is fed at the center the undesirable effects of incorrect antenna length
balance out so that the line operates properly
under all conditions. This is shown in Fig.
2216 at D, E and F. So long as the two halves
of the antenna are of equal length, the distribution of current on the feeders will be
symmetrical so that no unbalance exists. even
for antenna lengths considerably removed
from the correct value.
The conditions illustrated in Fig. 2216 are
also true for quarter- and half-wave matching
sections of the type shown in Fig. 2210.

actual length differ somewhat. When the antenna is to be end-fed, then, it is desirable to
adjust the length to the right value if feeder
radiation is to be avoided.
With tuned feeders, a fairly simple way to
adjust the length is to leave off the connection
between the antenna and feeders (but with the
feeders in place) and hoist the assembly to its
final position. Then carry out the tuning
procedure just as described previously, using
loose coupling so that the resonance point is
quite marked. Low power should be used, especially with series tuning. since without the
antenna connected the feeder current will be
much greater than normal. Then lower the
antenna, connect the feeder. hoist again. and
with the coupling just as it was before. again
adjust the antenna condensers to resonance.
If resonance occurs at the same condenser
settings the antenna length is correct. If more
capacity must be used. the antenna is too
Adjustinll the Antenna Lenllth
short; if less, the wire is too long. Add or subAlthough the formula and charts for antenna tract, as the case may be, a few inches to the
length are sufficiently accurate under average antenna and try again. The correct length
conditions, height, nearness of the wire to should be found after a few trials. The anhouses, trees, etc., may make the required tenna may be intentionally made a little long
in the first place so that
no joints in the wire will
be needed when the final
length is reached.
(D)
An alternative method
(A)
RIGHT
RIGHT
is to use a regenerative
detector as a resonance
indicator, coupling it
loosely to the antenna,
from which the feeders
are disconnected for the
test. (If the antenna is to
be center fed the length
should be checked before
cutting the wire at the cen(E)
(B)
ter.) Careful tuning with
lONG
LONG
the detector just oscillating will show resonance as
a setting at which the detector is pulled out of os()illation. The freq uency at
which this occurs may be
checked by one of the
methods given in Chapter
11; if it is higher than
desired the antenna should
Fig. 2216
Effect on fecder halance of inoorrect antenna length. With center
feed, incorrect antenna length doea not uuhalance the feed system, a8 it doos with be lengthened and vice

-

-

versa.

end feed.
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Directional Characteristics - Multiband Operation - " V" and
Rhombic Antennas
AN ANTENNA will be resonant if an integral
number of standing waves of current and
voltage can exist along its length. In other
words, the antenna will radiate well so long
as its length is some integral multiple of a
half-wavelength. When the antenna is more
than a half-wave long, it is usually called a
long-wire antenna, or a harmonic antenna.
Fig. 2301 shows the current and voltage
distribution along a wire operating at its
fundamental frequency (where its length is

E

[

~
~B
2ND

the fourth harmonic, as in D. The number of
the harmonic is the number of half-waves contained in the antenna at the particular operating frequency.
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 multi-band
operation with one antenna.
As the wire is made longer, in terms of the
number of half wavelengths, the antenna
characteristics change; this is particularly true
of the directional effects. 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 of maximum radiation
tends to approach the line of the antenna itself.
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Fit,. 2301 - Current and voltage distribution along
an antenna operated at various harmonies of ito funda.
mental resonant frequency,

equal to a half wavelength) and at its second,
third and fourth harmonics. For example, if
the fundamental frequency of the antenna is
7 Me., the current and voltage distribution will
be as shown at A. The same antenna excited at
14 Me. would have current and voltage distribution as shown at B. At 21 Mc., the third
harmonic of 7 Me., the current and voltage
dis~bution would be as in C; and at 28 Mc.,

4

/

V

V

3

2

V
.,./'

o

I

2

I

3

4

5

6

7

8

9

ANTENNA lElIIGTH -

10

1\

12

13 14

A.

Fig. 2302 - The important curveS for harmonicaUy.
operated horizontal antennas. Curve A shows the variation in radistion resistance with antenna length. Curve
B shows the power in the lohes of maximum radiation
for long.wire antenna. as a ratio to the maximum of •
half.wave antenna.
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dirlllltion thlln dollS I!. hlllf-WIlVIl Ilntllnna. in its
most favorable direction. This power gain is
secured at the expense of radiation in other
directions. Fig. 2302 shows how the radiation
resistance and power in the lobe of maximum
radiation vary with the antenna length.
Directional characteristics for antennas one
wavelength, three half-wavelengths, and two
wavelengths long are given in Figs. 2303, 2304,
and 2305, for the three vertical angles of radiation considered in Chapter 21. Note that as the
wire length increases the radiation along the
line of the antenna becomes more pronounced.
Still longer antennas can be considered to be
practically "end-on" radiators, even at the
lower radiation angles.

Fig. 2303
Horizontal patterns of radiation from a
full.wave antenna. Solid line, vertical angle 15 degrees; .
dotted line!!, deviation from IS-degree pattern at 9 and
30 degrees.
All three patterns are drawn to the same relative scale;
actual amplitudes will depend upon the height of the
antenna..

When the same antenna is used for work in
several bands, it must be realized that the
directional characteristic will depend on the
band in use.
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

Fill. 2305 - Horizontal patterns of radiation from
an antenna two wavelengths long. Solid line, vertical
angle IS degrees; dotted line!!, deviation from IS·degree
pattern at 9 and 30 degrees. Tbe minor lohes coincide
for all three angles. See Fig. 2303 for further discussion.

The length of a long-wire antenna is not
an exact multiple of that of a half-wave antenna because the end effects operate only on
the end sections of the antenna; in other parts
of the wire these effects are absent and the
wire length is approximately that of an equivalent portion of the wave in space. The formula
for the length of a long-wire antenna therefore
is:
492 (N-G.05)

Length (feet)
Freq. (Me.)
Fig. 2304
Horizontal patterns of radiation from an
antenna three half.wavelengths long. Solid line, vertical
angle IS degrees; dotted lines, deviation from IS·degree
pattern at 9 and 30 degrees. The minor lobes coincide
for all three angles. See Fig. 2303 for further discussion.
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where N is the number of half-waves on the
antenna. From this it is apparent that an
antenna cut as a half-wave for a given frequency will be slightly off resonance at exactly
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twice that frequency (on the second harmonic)
because of the different behavior of end effects
when there is more than one standing wave on
the antenna. For instance, if the antenna is
cut to exact fundamental resonance with a
given crystal frequency, on the second harmonic (full-wave) it should be 2.6% longer,
and on the fourth harmonic (two-wave), 4%

• MULTI·BAND OPERATION
As suggested in the preceding section, the
same antenna may be used for several bands by
operating it on harmonics (as a long wire)
where necessary. When this is done, it is necessary to use resonant feeders, since the impedance matching for non-resonant 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.
Obviously a matching section which is a quarter-wavelength long on one frequency will be a
half-wavelength long on twice that frequency,
and so on, and it is equally obvious that changTABLE I
MULTI-BAND RESONANT.LINE FED ANTENNAS

Fig. 2306
Current distribution and feed points for
long-wire antennas. A 3/2-wave antenna is used as an
illustration. With two-wire feed, the line may be con·
neeted at the end of the antenna or at any current loop
(not at a current node). The feeders may he of the
resonant type, or a 600.ohm line may he used through a
quarter-wave matching section. The "Q" type of match.
ing section also may he used.

longer. The effect is not very important except
for a slight unbalance in the feeder system,
which may result in some radiation from the
feeder (see Chapter 22).
Feedin~ Lon~

Wires

In a long-wire antenna the currents in adjacent half-wave sections must be out of phase,
as shown in Fig. 2306. 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 feeders would be in phase and
the feeder radiation would not be cancelled out.
Either resonant or non-resonant feeders may
be used. With the latter, the systems employing a matching section are best. The non-resonant line may be tapped on the matching section as in Fig. 2210, Chapter 22, or a c. Q"
type section (Fig. 2212, Chapter 22) may be
employed. In such case, Fig. 2307 gives the
required surge impedance for the matching
section. It can also be calculated from Equation (4), Chapter 22, and the radiation resistance data in Fig. 2302.
Methods of coupling the line to the transmitter are the Bame as described in Chapter 22
for the particular type of line used.

Feeder

Antenna
Length (ft.)

Length

With cnd fced:
243

120

136

67

3.5-Me. e.w.
7 Me.
14 Mc.
28 Me.

series
parallel
parallel
parallel

134

67

3.5.Me. c.w.
7 Me.

senes

67

33

7 Me.
14 Me.
28 Me.

series
parallel
parallel

With center feed:
272

135

1.75 Me.
3.5 Me.
7Mc.
14 Me.
28 Me.

parallel
parallel
parallel
parallel
parallel

137

67

3.5 Me.
7 Me.
14 Me.
28Mc.

parallel
parallel
parallel
parallel

34

7 Me.
14 Mc.
28Mc.

parallel
parallel
parallel

67.5

Band

(ft.)

Type oj
Tuning

1. 75.Mc. 'phone series
4.Me. 'phone parallel
14 Me.
parallel
28 Me.
parallel

parallel

The antenna lengths given represent eompromiscs
for harmonic operation because of different end
effects on different bands. The 136.foot end.fed
antenna is slightly long for 3.5 Mc., hut will work
well in the region (350()-'3600 kc.l which quadruples
into thc 14-Mc. hand. Bands not shown are not
recommended for the particular antenna. The cen.
ter-fed systems are less critical as to length; the
272.foot antenna may, for instance, he used for hoth
e.w. and 'phone on either 1.75 or 4 Me. without 1088
of efficiency.
On harmonics, the end-fed and center.fed anten.
nas will not have the 8ame directional characteris.
tics. as explained in the text.
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ing the length of the wires, even by switching,

,~

is inconvenient.
Also, the current loops shift to a new position on the antenna when it is operated, on
harmonics, further complicating the feed situation. It is for this reason that half-wave antennas center-fed by rubber-insulated lines are
practically useless for harmonic operation; on
all even harmonics there is a voltage maximum
at the feed point and the impedance mismatch
is so bad that there is a large standing-wave
ratio and consequently high losses in the
rubber dielectric.
Any of the antenna arrangements shown in
Fig. 2214, Chapter 22, may be used for multiband operation by making the antenna a half
wave long at the lowest frequency to be used.
The feeders should be a quarter wave, or some
multiple of a quarter wave, long at the same
frequency. Typical examples, with the type of
tuning to be used, are given in Table I. The
figures given represent a compromise to give
satisfactory operation on all the bands considered, taking into account the change in required length as the order of the harmonic
goes up.
A center-fed half-wave antenna will not
operate as a long wire on harmonics because of
the phase reversal at the feeders previously
mentioned. On the second harmonic, the two
antenna sections are each a half wa ve long, and
since the currents are in phase the directional
characteristic is different from that of a fullwave antenna even though the overall length
is the same. On the fourth harmonic, each section is a full wave long and again because of the
direction of current flow the system will not
operate as a two-wave antenna. It should not
be assumed that these systems are not effe(}o
tive radiators - it is simply thllot the directional characteristic will not be that of a longwire having the same overall length. Rather it
will resemble the characteristic of one side of

{,,o

~
L

For operrtbon on
and

.3 $, 7, /4
28mc

For operalton
on 175mc

Fig. 2308
A simple antenna system for five ama.
teur hand •. The antenna is voltage fed on 3.5, 7, 14 and
28 Me., working on the fundamental, second, fourth and
eighth harmonics, respectively • For l.75 Me. the system
is a quarter.wave grounded antenna, in which case
eeries tuning must be used. The antenna wire should be
kept well in the clear and should be as high as possible.
If the length of the antenna i. approximately 260
feet, voltage feed can be used on all five band••

the antenna, although this is not exact. The
center-fed antenna, when operated on harmonics, will radiate equally as well as the
end-fed.
Antennas with a few other types of feed systems may be operated on harmonics for the
higher-frequency bands, although their performance is somewhat impaired. The singlewire fed antenna (Chapter 22) may be used in
this way; the feeder and antenna will not be
matched exactly on harmonics with the result
that standing waves will appear on the feeder,
but the system as a whole will radiate. The
same is true of the delta-matched antenna. The
"Q" antenna also can be operated on harmonics, but the line cannot operate non-
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Fig. 2307 - Reqnired surge impedance of
quarter-wave matehin g sections for radiators
of various length•• Curve A is for a transmis.
sion line impedance of 440 ohms, Curve B for
470 ohm., Cnrve C for 580 ohms and Curve D
for 600 ohms.
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FiB- 2309
Current distribution on
antennas too sbort for the fundamental
frequency. These systems may be used
wben space for a full ball.wave antenna
is not available. Tbe corrent distribution
on tbe seeond barmonie also is sbown to
tbe rigbt of eacb figure. In A. and C, tbe
totallengtb around the system is a balf.
wavelengtb at the fnndameotal fre·
qneoey.

resonant except at the fundamental frequency
of the antenna. For harmonic operation the
line must be tuned and, therefore, the feeder
length is important. The tuning system will
depend upon the number of quarter waves on
the line, including the" Q" bars. The concentric-line fed antenna may be used on harmonics if the concentric line is air·insulated.
Its operation on harmonics is similar to that of
the" Q." This antenna is not recommended for
multiband operation with a rubber·insulated
line, however.
A simple antenna system, without feeders.
for operation in five banda is shown in Fig.
2308. On all bands from 3.5 Mc. upward it
operates as an end-fed antenna - half-wave
on 3.5 Mc., long wire on the other bands. On
1.75 Mc. it is only a quarter-wave in length and
must be worked against ground, which in effect
replaces the missing half of the antenna. Since
on this band it is fed at a high-current point,
series tuning must be used.
• ANTENNAS FOR RESTRICTED SPACE
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 a shorter antenna and making
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 effeetive 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 a center-fed
antenna will give best all-around performance.
With end feed the feeder currents become badly
unbalanced and, since lengths tnidway between those requiring series or parallel tuning
ordinarily must be used to bring the entire
system to resonance, coupling to the transmitter often becomes difficult.
With center feed, pra.etically any convenient
length of antenna can be used if the feeder

TABLE II
ANTENNA AND FEEDER LENGTHS FOR SnORT
MULTI.BAND ANTENNAS, CEl'ITEH·FED
Antenna
Length (ft).

Feeder
Length

137

68

1.75
3.5
7
14
28

Me.
Me.
Me.
Me.
Me.

senes
parallel
parallel
parallel
parallel

100

38

3.5
7
14
28

Me.
Me.
Me.
Me.

series
series

3.5
7
14
28

Me.
Me.
Me.
Me.

Band

(ft.)

Type

0/

Tuning

parallel
series Or

parallel
67.5

34

aeries

parallel
parallel
parallel

50

43

7 Me.
14 Me.
28Mc.

parallel
parallel
parallel

33

51

7 Me.
14 Me.
28Mc.

parallel
parallel
parallel

33

31

7 Me.
14 Me.
28 Me.

series

A

parallel
parallel

A

B

B

I

71.minq

Appt:zJtltus
Fig. 2310 - Practical arrangement of Ii. eb;;'l'tened
antenna. Tbe total length A + B+ B + A. sbould be a
hall-wavelength for the lowest-frequency band, usually
3.5 Me. See Table II for lengtbs and tuning data.
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length is adjusted to accommodate at least
one half-wave around the whole system.
Typical cases are shown in Fig. 2309, one for
an antenna having a length of one-quarter
wave (A) and the other for an antenna somewhat longer (C) but still not a half-wave long.
Current distribution is shown for both fundamental and second harmonic. From the points
marked X resonant feeders any appropriate
number of quarter waves in length may be
elCtended to the operating room. The sum of
the distances on each wire from X to the antenna end must equal a half-wave. It is sufficiently accurate to use Equation (1) Chapter
21, in calculating this length. Note that X-X
is a high-current point on these shortened
antennas, corresponding to the center of a
half-wave antenna. It is also apparent that the
antenna at A is a half-wave antenna on the
next higher-frequency band (B).
The practical antenna can be made as in
Fig. 2310. Table II gives a few recommended
lengths. Remembering the preceding discussion, however, the antenna can be made any
convenient length provided the feeder is considered to "begin" at X-X, and the line length
adjusted accordingly.

system in such a case is diOiQUlt to prediotl
especially if the ends are vertical (the most
convenient arrangement) because of the combination of horizontal and vertical polarization
as well as dissimilar directional characteristics.

Bent Antennas

The "V" Antenna
It has been emphasized in connection with
long-wire antennas that as the antenna length
is increased the lobe of maximum radiation
makes a more acute angle with the 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 a line 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 bi-directional) along the
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, and can be used readily
on harmonics so that it is suitable for multi·
band work. The "V" antenna is shown in
Fig. 2312.

Since the field strength at a distance is
proportional to the current in the antenna, the
high-current part of a half-wave antenna (the

Fig. 2311 - Folded arrangement for shortened an.
tennas. The total length is a half.wave, not ineludipg
the feeders. The horizontal part i. made as long a.
convenient and the end. dropped down to make up the
required length. The ends may he bent back on themsel ves in feeder fashion to caneel radiation partially.
Thc horizontal section should be at least a quarter-wave
long.

center quarter-wave, approlCimately) does
most of the radiating. Advantage can be taken
of this fact when the space available does not
permit erecting an antenna a half-wave long.
To accomplish it, the ends may be bent, either
horizontally or vertically, so that the total
length equals a half wave, even though the
straightaway horizontal length may be as
short as a quarter wave. The operation is illustrated in Fig. 2311. Such an antenna will be a
somewhat better radiator than the arrangement of Fig. 2309-A on the lowest frequency,
but is not as desirable for multi-band operation
because the ends play an increasing part as the
frequency is raised. The performance of the
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• LONG·WIRE DIRECTIVE ANTENNAS
Inspection of Fig. 2302 shows that as a wire
is made long there is a considerable increase
in the effective power radiated in the optimum
direction as compared to a half-wave antenna
in its most favorable direction. This comes
about because of the higher directivity of the
long wire, and is just as advantageous in
increasing the signal strength at a distant point
as an actual increase in transmitter power
would be, provided the receiving station is
located in line with the malCimum lobe of radiation from the antenna.
A single long wire makes a fair directive
antenna, provided its length is 4 wavelengths
or more, and shows increasing power gain and
directivity as the length is increased. It is,
furthermore, possible to combine two or more
long wires into even more effective directive
systems. The "V" and rhombic antennas are
outstanding elCamples of this procedure.

8
uaNminion liiuJ,

It.

C

~'AS-CO

~o

Fig. 2312 - The "V" antenna. Tbe ttV" is made by
combining two long wircs in sueh a way that each rein.
forces the other'. radiation. The important qnantitics
are the length of each leg and the angle between legs.
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Fig. 2312. Alternatively, a quarter-wave
matching section may be employed and
the antenna fed through a non-resonant
line. If the antenna wires are made multiples of a half-wave in length (use Equation
(1) for computing the length) the matching section will be closed at the free end.

The Rhombic Antenna
The
horizontal
rhombic or "diamond"
\
1<l
antenna is shown in Fig. 2314. Like the
I\,
"V," it requires a good deal of space for
erection, but it is capable of giving excelbe)
lent gain and directivity. It can also be
55
used for multi-band operation. In the ter"50
minated form shown in Fig. 2314 it operates, like a non-resonant transmission line,
4S
without standing waves, and is uni-direc40
tional.
It may also be used without the
r-35
1(31')
2(",")
3(23") 4("')
5(, ..)
6("')
1('5")
8(14'"
terminating resistor, in which case there
'hIuesiA-",=s~::::;::&;.:~::::J:,t(II}(hI1tt6alf~ are standing waves on the wires and the
antenna is bi-directional.
Fig. 2313
Design chart for horizontal "V" antennas.
The important quantities influencing the
Enclosed angle between wires versus length of sides.
design of the rhombic antenna are shown in
Fig. 2313 shows the dimensions that Fig. 2314. While several design methods may
should be followed for an optimum design to be used, the one most applicable to the condiobtain maximum power gain for different- tions existing in amateur work is the so-called
sized" V" antennas. The longer-type systems "compromise" method. The charts of Figs.
give good performance on multi-band opera- 2315 and 2316 give design information when
tion. Angle a is approximately equal to twice two of the quantities are assumed. The examthe angle of maximum radiation for a single ples given illustrate the practical use of the
wire equal in length to one side of the "V." charts.
The "V" can be made unidirectional
For multi-band work, it is satisfactory to
through eliminating the rear pattern by the design the rhombic antenna on the basis of
use of another "V" one-quarter wave to the 14-Mc. operation, which will permit work on
rear to act as a reflector. This is quite cumber- the 7- and 28-Mc. bands as well.
some for amateur practice and restricts correct
Fig. 2315 is based on an original given premoperation to a single frequency band. The ise of length and height from which is deter"V" usually is operated as a bi-directional mined the proper angle of tilt and correspond.
antenna.
ing wave angle for maximum output. This
The wave angle referred to in Fig. 2313 is the chart is based upon an effective height of 72
vertical angle of maximum radiation. Tilting wavelength, which represents a practical value
the whole horizontal plane of the
"V" will tend to increase the lowangle radiation off the low end and
decrease it off the high end.
The gain increases with the length Line ====~
:=~~~:t!
of the wires, but is not exactly twice
A
DIRECTIVITY
RECeIVING
the gain for a single long wire as
given in Fig. 2302. In the longer
lengths, the gain will be somewhat
increased because of mutual coupling between the wires. A " V" eight
wavelengths on a leg, for instance,
will have a gain of about 12 db over
a half-wave antenna, whereas twice
the gain of a single 8-wavelength
wire would be approximately 9 db.
The two wires of the H V" must be
¢ =4N1IE(iFrILT(lIf'VREE4J
L= IENGTHOFCM'ESlbE(WAYElEKlifTl,f)
fed out of phase for correct operaA=K!4YEAMSIE (bEUREES)
H= IIEIGHT (WAVElENGTHS)
tion. A resonant line may simply be
Fig. 2314 _ The horizontal rhombic or diamond antenna,
atte.ched to the ends as shown in
terminated.
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Fig. 2315
Design ehart for rbombic antennas with lixcd height (one-balf
wavelengtb). The following examplc illustrates tbe use of tbc Cbart:
Given: Heigbt = H wavelength.
Available lengtb of one leg = 3.5 wavelengthe.
To Find:
Angle of Tilt (40).
Wave Angle (II).
Method:
Place straigbt edge on curve "L" at 3.5 wavelength. (point y) and draw line
XYZ. Read angle 41 from intersection at point X (rigbt band ordinate)
and angle II at point Z (intersection of abscissa).
Result:
H = H wavelengtb } •
L = 3.5 wavelengths given.
5
Tilt angle 40 = }
COMPROMISE
69 degrees
from
14
DESIGN
Wave angle II curves.
21 degrees
(.6ivenldtli:leitherf/orA

a'"-I,

2
.1

9

Fig. 2316-Compromise
metbod design cbart for various
leg lengtbs and wave angles. The
following examples illustrate the
use of the Chart:
(1) Given: Lengtb (L) - 2 wavelengths.
Desired wave angle
(II) -

To Find: H, 41.
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Method:
Draw vorticalline througbpoint "a" (L 2 wavelengths) and point "b" on abscissa (II = 20°.)
Read angle of tilt (fI) for point fta" and height
(H) from intel'8eCtion of line ah at point ftc"
on curve H.
Result:
fI- 60.5°.
H '" 0.73 wavelength.
(2) Given:
Length (L) '" 3 wavelengths.
Angle of tilt (41) = 78°.
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WAVE ANGLE (A)-DEGREES
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To Find: H, II.
Method:
Draw vertical line from point "d" on curve
L '" 3 wavelengtbs at fI '" 78°. Read inters",,tion of this Iino on curve H (point "e") and
intersection at point ft{" on the ahsciua for
I\.

Result:
H - 0.56 wavelength.
II co 26.6°.
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for most amateurs. For any different height
other than the one shown the curve may be
plotted from the expression:

H

}.

tan (211'H sin

~)

211' sin

~

}.

I sin

~

tan (11'1 sin'

~)

>.
The solution of this equation for I in terms of
wavelength (}.) may be obtained by the trial
and error method.
Fig. 2316 is based upon a premise of a given
length and wave angle to determine the remaining optimum dimensions for best operation. Curves for values of length of 2, 3 and 4
wavelengths are shown, and additional curves
for any length may be similarly plotted from
the relationship:

1- 0.371 }.
sint/> = - - - - I cos ~
With all other dimensions correct, an increase
in length causes an increase in power gain and
a slight reduction in wave angle. An increase
in height also causes a reduction in wave angle
and an increase in power gain but not to the
same extent as a proportionate increase in
length.
A value of 800 ohms is correct for the terminating resistor for any properly constructed
rhombic, and the system behaves as a pure resistive load under this condition. This termi-

nating resistor must be capable of safely
dissipating one-half the power output (to
eliminate the rear pattern) and should be absolutely non-inductive. Such a resistor may be
made up from a carbon or graphite rod or
from a long 800-ohm transmission line using
resistance wire. If the carbon rod or a similar
form of lumped resistance is used the device
should be suitably protected from weather
effects, I.e., covered with good asphaltic compound and sealed in a small light-weight box
or fibre tube. Suitable resistors also are available commercially.
For feeding the antenna, the antenna impedance will be matched by an 800-0hm line.
which may be constructed from No. 16 A. W.O.
wire spaced 20 inches or from No. 18 A.W.O.
wire spaced 16 inches. The 800-0hm 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 network constants for each different band of operation.
The same design details apply to the unterminated rhombic as to the terminated type.
Resonant feeders are preferable for the unterminated rhombic. A non-resonant line may
be used by incorporating a matching section
at the antenna, but is not readily adaptable
to multi-band work.
Rhombic antennas will give a power gain of
10 db or more when constructed according to
the charts given. In general. the larger the
antenna the greater the power gain.
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Multi-Element Directive Systems
Broadside and End-Fire Arrays-Parasitic Arrays - Design
and Adjustment

FOR

long-distance transmission it is often ods of arranging the elements. If they are
advantageous to arrange the antenna so that strung end to end so that all lie on the same
the radiation is concentrated in a desired di- straight line, the elements are said to be collinrection. With a simple antenna, the same in- ear. If they are parallel and all lying in the
crease in field strength would require much same plane, the elements are said to be broadmore power, so that it is customary to measure side when the phase of the current is the same
the effectiveness of a directive antenna in in all, and end-nre when the currents are not
terms of the power increase that would be in phase. A combination of elements is called an
needed to give the same field strength, using a array. Elements which receive power from the
half-wave antenna as the standard of compari- transmitter through the transmission line are
son. The same polarization is assumed. The called driven elements, while those which are
power gain so obtained may range from excited solely by coupling because of the proxslightly over 1 for simple systems to as much as imity of a driven element are said to be par30 or 40 for the most elaborate ones.
asitic elelllents. Both driven and parasitic eleThe increased signal strength in the desired ments may be combined in multi-element arrays.
direction is obtained at the expense of radiaThe power gain of a directive system detion in other directions. At the higher fre- pends upon the sharpness of the solid directive
quencies, energy may be taken from the higher pattern, and increases as the number of elevertical angles and used to reinforce the exist- ments is made larger. The proportionality
ing low-angle radiation without affecting between gain and number of elements is not
greatly the horizontal directivity. In general, simple, however, but depends upon the effect
however, an increase in output in one hori- of the spacing and phasing upon the radiation
zontal direction is accompanied by a decrease resistance of the elements as well as upon their
in some other horizontal direction, so that the number.
user of a directive antenna must be prepared to accept an area of restricted effectiveness. This is particularly true as the
antenna gain is made higher.
The "V" and rhombic antennas described in the preceding chapter will,
when made large, give greater gain and
directivity than the multi-element types
described in this chapter, using a reasonable number of half-wave elements.
Furthermore, their operation is not reFig. 2401 - Collinear half-wave antennas in phase. The sysstricted to one band, as is the case with
A is generally known as "two-half-waves in phase." B
most multi-element types. However, istemanatextension
of the system; in theory it may be carried on
when space is restricted, the multi- indefinitely, but practical considerations usually limit the num·
element antennas will give more "gain ber of elements to four. Gain figures are tabulated in Table I.
Resonant feeders may be connected to tbe ends of any of
per ground area" than small "V" and
the quarter-wave phasing sections indicated (the shorting bar of
rhombic antennas.
course mUllt be removed from the one used). Alternatively a
A multi-element antenna consists of a two-wire line may be matched to one of the stub.. using it a. a
number of half-wave antennas (each matching transfonner (Chapter 22). Any antenna element aleo
be center-fed through any of the ordinary metbod. which
called an "element") so arranged in may
pennit matching, in the ease of a non·resonant line, or tbrough a
space with respect to each other, and resonant line. Twisted pair and concentric feeders are not
with the d. currents in the elements recommended for this purpose because the antcnna impedance
so phased, that the individual radiations is not the .ame a& when a half-wave antenna is used singly,
Generally speaking, it i. preferable to feed a multi.element
from them add in certain directions and antenna
near the center of tbe system in order to make tbe
oppose in others. There are several meth- power distribution to the elements ag unnonn as possible.
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A directive antenna is equally as effective for
receiving as for transmitting. Such an antenna
should always be used for both purposes if its
full benefits are to be realized.
Collinear Arrays

Simple forms of collinear arrays, with the
current distribution, are shown in Fig. 240l.
The two-element array at A is popularly known
as "two half-waves in phase." It will be recognized as simply a center-fed antenna operated
at its second harmonic. The way in which the
number of elements may be extended for increased directivity and gain is shown in Fig.
2401-B. Note that quarter-wave transmission
lines are used between each element; these give
the reversal in phase necessary to make the
currents in individual antenna elements all
flow in the same direction at the same instant.
Another way of looking at it is to consider that
the whole system is a long wire with alternate
half-wave sections folded so that they do not
radiate. Any phase-reversing section may be
used as a quarter-wave matching section for
attaching a non-resonant feeder. A resonant
transmission line may be substituted for any of
the quarter-wave sections, of course. Also, the
antenna may be end-fed by any of the systems
previously described, or any element may be
center-fed. It is best to feed as near the center
of the array as possible so that the energy will
be distributed as uniformly as possible among
the elements.
The gain and directivity depend upon the
number of elements and their spacing, centerto-center. This is shown by Table 1. Although
~-wave spacing gives greater gain, it is difficult to construct a suitable phase-reversing
system when the ends of the antenna elements
are widely separated. For this reason the halfwave spacing is generally used.
Collinear arrays may be mounted either
horizontally or vertically. Horizontal mounting gives horizontal directivity, with vertical
directivity the same as for a single element at
the same height. Vertical mounting gives the
same horizontal pattern as a single element,
but concentrates the radiation at low angles. It
TABLE

I

THEORETICAL GAIN OF COLLINEAR BALI'-WAVE
ANTENNAS

SpacingBerween
Centers of Adjacent _.
Half Waves

72 Wave

%:

Wave

Number of Half Waves
in Array vs. Gain in db

2

1.8
3.2

3

3

5

6

4.5

5.3
7.0

6.2
7.8

- - - - ----I 3.3

4.8

6.0

TABLE

II

THEORETICAL GAIN OF Two HALF-WAVE ANTENNAS
AT DIFFERENT SPACINGS

180 0 Out of Phase
(End Fire)

In Phase
(Broadside)

Separation in
Fraaions of a
Waf!elenglh

Gain
in db

Separation in
Fractions of a
Waf!elellgth

Gain
in db

7ii
720

4.3
4.1
3.8
3.0
2.2
1.7

%

4.8
4.6
4.0
2.4
1.0
0.3

~

%

72
%

%:

72

%
~

7ii

is seldom possible to use more than two elements vertically, however, even at 14 Me.,
because of the height required.
Broadside Arrays

Parallel antenna elements with currents in
phase may be combined as shown in Fig. 2402
to form a broadside array, so named because
the direction of maximum radiation is broadside to the plane containing the antennas.
Again the gain and directivity depend upon the
number of elements and the spacing, the gain
for different spacings being shown in the righthand section of Table II. Half-wave spacing is
generally used, since it simplifies the feeding
problem when the array has more than two
elements.
Broadside arrays may be suspended either
horizontally or vertically. In the former case
the horizontal pattern is quite sharp while the
vertical pattern is that of one element alone. If
the array is suspended horizontally the horizon-

Fig. 2402 - Tbe broadside array using balf.wave
elements: ~ws indicate direction of current Bow. Tbe
transptl!lltIon m feeders is necessary to bring the an.
tenna currents in phase. Any reasonable number of
element~ may be uaed. The array is bi-direetional
perp<;ndieular to the plane of tbe antenna; i.e., per.
pendieularly through this page.
ResonBI!t feeders or qua~r-wave matching sections
may be bndged across the line at any antenna junction
If the tfans~on line is connected to the phasing lin~
~t a .pomt m,d,!ay between two antennas, tbe phasing
hne m that section should not be transposed. Feed near
tb.e OOlIter of the system is preferable in order to dis.
tnbute the power as evenly as pOll8ible among the an.
tennas.
See Table II lor gain data.
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tal pattern is that of one element while the

vertieal pattern is sharp, giving low-angle
radiation. The height required limits the number of elements which can be suspended horizontally, so that more than two seldom are used.
Broadside arrays may be fed either by resonant transmission lines or by the use of quarter-wave matching sections and non-resonant
lines. In Fig. 2402, note the "crossing over" of
the feeder, necessary to bring the elements in
proper phase relationship.
Combined Broadside and Collinear Arrays

Broadside and collinear arrays may be combined to give both horizontal and vertical di-

,
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l
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w
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Fig. 2403 - Comhination broadside and collinear
arrays. A, with vertical elements; B, with horizontal
elements. Both arrays give low-anglc radiation. Two or
more sections may be used. See Fig. 2402 for remarks
on feeding and directivity. Tbe transmission.line con·
nection in B illustrates the use of a non.transposed
pbasing line when the connection is midway between
antenna elements.
The gain in dh will be equal, approximately, to the
tum of the gain for one set of broadside elements
(Table III) plus the gain of one set of collinear clements
(Table I). For example. in A eacb broadside set has
four elements (gain 7 db) and each collinear set two
elements (gain 1.8 dh) giving a total gain of 8.8 db.
In B each broadside set has two elements (gain 4. dh)
and each collinear set three elements (gain 3.3 db)
making the total gain 7.3 dh. The result is not strictly
accurate because of mutual coupling between elements,
but is good enough for practical purposei.

rectivity, as well as additional gain. The general plan of constructing such antennas is
shown in Fig. 2403. 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 2 to 4 db, depending upon whether vertical or horizontal elements are used.
The arrays in Fig. 2403 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 a better
all-around performance, will result when the
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Fig. 2404 - This fonr...,lement combination hroad.
side-collinear array is popularly known as the "Iuy H"
antenna. A closed quarter-wave stub may be used at
the feed point to mateb into a 6OO·ohm line. or resonant
feeders may be attacbed at the point shown. The gain
over a half-wave antenna is 5 to 6 db.

feeders are attached as nearly as possible to the
center of the array. Thus in the 8-element array
at A the feeders could be introduced at the
middle of the transmission line between the
second and third set of elements, in which case
the connecting line would not be transposed.
Or the antenna could be constructed with the
transpositions as shown and the feeder connected between the adjacent ends of either the
second or third pair of collinear elements.
A four element array of the general type
shown at B is frequently used, and is currently
known as the" Lazy H" antenna. It is shown,
with the feed point indicated, in Fig. 2404.
End-Fire Arrays

Fig. 2405 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 line of the antennas, as shown.
The end-fire array may be used vertically or
horizontally, and is well adapted to amateur
work because it gives maximum gain with relatively close element spacing. Table II shows
how the gain varies with spacing. End-fire
elements may be combined with additional
collinear and broadside elements further to
increase the gain and directivity.
Either resonant or non-resonant lines may be
used with this type of array, the latter being
preferably matched to the antenna through a
quarter-wave resonant line.
TABLE III
THEORETICAL GAIN VS. NUMBER OF BBOA.DSIDE
ELEMENTS HALF-WAVE SPACING

No. oj Element.

Gain

2
3

4.dh
5.5 db
7 db
8 db
9 db

CHAPTER TWENTY.FOUR

4

5
6

Multi-Element Dire~tive Systems
Checking Phasing
Figs. 2403 and 2405 illustrate II. point in
connection with feeding II. pha.sed antenna system which sometimes is confusing. Taking
Fig. 2405 as an example, when the transmis.
sion 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 connecting line the crossover becomes necessary (B). This is because
in B the two halves of the connecting line are

Fig. 2405 - End-fire arrays. They are shown with
balf-wave spacing to illustrate feeder connections. In
practice. closer spacings are desirable, as shown by
Table II. Direction of maximum radiation ill shown by
the large arrows. End-fire arrangements are shown in
Fig. 2406 at A. B, and C.

simply branches of the same line. In other
words, even though the connecting line in B
is II. half-wave in length, it is not aetually II.
half-wave line but two quarter-walll! linl!s in
parallel. The same thing is true of the untransposed line of Fig. 2403-B. Note that under
these conditions the antenna elements are in
pha.se when the line is not transposed, and
out of phase when the transposition is made.
The opposite is the case when the half-wave
line simply joins two antenna elements, and
does not have the feed line connected to its
center.
Adjustment of Driven Arrays
With arrays of the types just described,
using half·wave spacing between elements, it
will usually suffice to make the length of each
element that given by the equation for II. half·
wave antenna in Chapter 21, while the half·
wave pha.sing lines between parallel elements
can be calculated from the formula

Length of half-- 492 X 0.975
wave line (feet) = Freq. (Mc.)

480
(Mc.)

= Freq.

The spacing between elements can be made
equal to the length of the phasing line. No
special adjustments are needed provided the
formulas are followed carefully.
With collinear arrays of the type I1hown in
Fig. 2401-B, the same formula may be used
for the element length, while the quarter-wave

pha.sing section can be calculated from Equation (3), Chapter 22. If the array is fed at its
center it will not be necessary to make any
particular adjustments, although if desired the
whole system may be resonated by connecting
an r.f. ammeter in the shorting link on each
phasing section and moving the link back and
forth to find the maximum current position.
This refinement is hardly necessary in practice so long as all elements are the same length
and the system is symmetrical.
Practical Phased Systems
Several simple directive antenna systems
ba.sed on the principles described are in rather
wide use among amateurs. They are shown in
Fig. 2406. Tuned feeders are assumed in all
cases; however, a matching section readily
can be substituted if a non-resonant transmission line is preferred. Dimensions given are il\.
terms of wavelength; a.ctual lengths readily
can be calculated from Equation (1) Chapter
21, for the antenna and Equation (3), Chapter
22, for the resonant transmission line or matching section. Remember that, in cases where the
transmission line proper connects to the midpoint of a phasing line, only half the length of
the latter is added to the line to find the
quarter-wave point.
At A and B are two-element end-fire arrangements using close spacing. They are electrically
equivalent; the only difference is in the method
of connecting the feeders. B may also be used
as a four-element array on the second harmonic, although the spacing is not optimum
in that case; however, it is a useful two-band
directive antenna. A close-spaced four·element
array is shown at C. It will give about 2 db
more gain than the two-element array. The
antenna at D is designed to take advantage of
the greater gain possible with collinear antennas having greater than half-wave center-tocenter spacing, but without introducing feed
complications. The elements are made longer
than II. half wave to bring this about. The gain
is 3 db over a single half·wave antenna, and the
broadside directivity is quite sharp.
The antenna.s of A and B may be mounted
either horizontally or vertica.lly; horizontal
suspension (with the two elements in II. plane
para.llel to the ground) is reoommended, since
this tends to give low-angle radiation without
an unduly sharp horizontal pattern. Thus these
systems are useful for ooverage over a wide
horizontal angle. The system at C also should
be mounted horizontally. It will have a sharper
horizontal pattern than the two·element
arrays.
Parasitic Antennas
All the preceding systems are bi-directional;
that is, they will radiate both to the" front"
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and the "back" of the antenna system. If
radiation is wanted in only one direction (for
instance, north only, instead of north-south)
it is necessary to use different element arrangements. In most of these the additional elements
receive power by induction or radiation from
the antenna and reradiate it in the proper
phase relationship to achieve the desired effect. They are called parasitic elements, as
contrasted to driven elements which receive
power directly from the transmitter through
the transmission line.
The parasitic element is called a director
when it reinforces radiation on a line pointing

%

~-----

"'..

(B)+X=
_(C)_---'-rs--lF
. . . ____
0.64'\

0.64.\
.11 ,\

(D)

'I xl

~4

to it from the antenna, and is called a reflector
when the reverse is the case. Whether the
parasitic element is a director or reflector depends upon the parasitic element tuning (which
usually is adiusted by changing its length) and,
particularly when the element is self-resonant,
upon the spacing between it and the antenna.
The gain of an antenna-reflector or antennadirector combination varies chiefly with the
spacing between elements. The way in which
gain varies with spacing is shown in Fig. 2407,
for the special case of self-resonant parasitic
elements. This chart also shows how the attenuation to the "rear" varies with spacing. The
same spacing does not necessarily give both
maximum forward gain and maximum backward attenuation. Backward attenuation is
desirable when the antenna is used for receiving, since it greatly reduces interference coming from the opposite direction to the desired
signal.
Simple and practical combinations of antenna, reflector and director are shown in Fig.
2408. Spacings for maximum gain or maximum
front-to-back ratio (ratio of power radiated in
the desired direction to power radiated in the
opposite direction) may be taken from Fig.
2407. In the chart, the front-to-back ratio in
db will be the sum of gain and attenuation at
the same spacing.
The antenna length is given by
Equation (2), Chapter 21, as
usual. The director and reflector
lengths must be determined experimentally for

XI

} tI

Fig. 2406 - Simple direetive systems. A, two-element
end-fire array; B. same with center feed. which permits
use of the array on the second harmonic. where it hecomes a four-element array with quarter-wave spacing.
C. four-element end-fire array with 31<-wave spacing. D,
extended in-phase antennas (Hexten.red double-Zepp").
The gain of A and B is slightly OVer 4 db (Table II). On
the second harmonie. B will give about 5 db gain. With
C. the gain is approximately 6 db, and with D. approximately 3 db_
In the first three, the phasing line contributes ahout
~th wavelength to the transmission line; when B
is used on the second barmonic this contribution is >i
wavelength_ Alternatively, the antenna ends may
be bent to meet the transmission line, in whieh ease
each feeder is simply connected to one antenna. In
B and C the construetion is the same a9 shown. but
eaeh antenna element would be ~th wavelength
shorter. In D, points Y-Y indieate a quarter-wave
point (high current) and X-X a half-wave point (high
voltage). The line may be extended in multiples of
quarter-waves, if resonant feeders are to be used.
Resonant feeders may be used with all typea shown.
and are necessary if B is to be used on two bands.
Non-resonant feeders may be coupled to the antennas
through quarter-wave matching sections for aingleband operation.
A, B, and C may be suspended on wooden spreaders.
The plane eontaininll the wires should be parallel to the
llround.
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Fig. 2407 - Gain VB. element spacing for an antenna
and one parasitic element. Zero db is the field strength
from a half-wave antenna alone. Greatest gain is in the
direction A at spaeings less tban 0.14 wavelength; in
direction B at greater spacings. }<'ront-to-back ratio is
the difference in db between curves A and B. Variation
in radiation resistance also is shown. Tbese eurvea are
for self-resonant parasitie element. At most spacings the
gain as a reB ector ean be increased by slight lengtbening
of the Parasitic element; as a director. by shortening.
This likewise improves the front-to-baek ratio.
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maximum performance. The preferable method
is to aim the antenna at a receiver a mile or so
distant and have an observer check the signal
Btrength (on the" S" meter) while the reflector
or director is adjusted a few inches at a time,
until the length which gives maximum signal is
found. The attenuation may be similarly
checked, the length being adjusted for minimum signal. In general, the length of a director
will be about 4 % less than that of the antenna,
for best front-to-back ratio. The reflector will
be about 5% longer than the antenna.
Systems of this type are popular for rotary
beam antennas, in which the whole antenna
is rotated to permit its gain and directivity to
be utilized for any compass direction. They
may be mounted either horizontally (plane
containing the elements parallel to the earth)
or vertically.
Arrays using more than one parasitic element, such as those shown at C and D in Fig.
2408, will give more gjtin and directivity than
is indicated for the single reflector and director
by the curves of Fig. 2407. The gain with a
properly adjusted three-element array (antenna, director and reflector) will be 5 to 7
db over a half-wave antenna, while somewhat
higher gain still can be secured by adding a

second director to make a four-element array.
The front-to-back ratio is correspondingly
improved as the number of elements is increased.
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2408 - Half-wave antennas with parasItIc
elements. A. with reflector; B. with director; C, with
botb director and reflector; D, two directors and one
rellector. Gain is approximately as shown by Fig. 2407
in the first two cases and depends upon tbe spacing and
length of the parasitic element. In tbe three. and four.
element arrays a reflector spacing of 0.15 wavelength
will give slightly more gain than O.I-wavelength .pacing.
Arrows sbow direction of maximum radiation. The

array should be mounted horizontally (these lire top
views).

D
Fig. 2409 - Recommended methods of feeding the
driven antenna element in close-spaced parasitic arrays.
The parasitic elements are not shown. A. quarter-wave
open stnb; B. half·wave closed stnb; C, concentric-line
quarter-wave matching section; D. delta matching
transformer.

The elements in close-spaced arrays preferably should be made of tubing of half- to oneinch diameter both to reduce the ohmic
resistance and to secure mechanical rigidity.
If the elements are free to move with respect
to each other the array will show detuning
effects in breezy weather.
FeedinA Close-Spaced Parasitic Arrays

While any of the usual methods of feed may
be applied to the driven element (usually called
the" antenna") of a parasitic array, the fact
that with close spacing the radiation resistance
as measured at the center of the driven element drops to a very low value makes some
systems more desirable than others. The preferred methods are shown in Fig. 2409. Reson-
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ant feeders are not recommended for lengths
greater than a half wavelength.
The quarter- or half-wave matching stubs
shown at A and B in Fig. 2409 preferably
should be constructed of tubing with rather
close spacing, in the manner of the ordinary
"Q" section. This lowers the impedance of the
matching section and makes the position of the
line taps somewhat less difficult to determine
accurately. This line adjustment should be
made only with the parasitic elements in
place, and after the correct element lengths
have been determined should be checked to
compensate for changes likely to occur because
of element tuning. The procedure is the same
as that described in Chapter 22.
The concentric-line matching section at C
will work with fair accuracy into a close-spaced
parasitic array of 2, 3 or 4 elements without
necessity for adjustment. The line is used as
an impedance inverting transformer, and if its
characteristic impedance is 70 ohms will give
an exact match to a 600-ohm line when the
resistance at the termination is about 8.5 ohms.
Over a range of 5 to 15 ohms the mismatch,
and therefore the standing-wave ratio, will be
less than 2 to 1. The length of the quarterwave section should be calculated from Equation (3), Chapter 22.
The delta matching transformer shown at D
is an excellent arrangement for parasitic arrays, and probably is easier to install, mechanically, than any of th&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 b should
be about 15% longer than a.
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 a collinear reflector or
director set, one parasitic element to each"
driven element. Or both directors and reflectors
might be used. A broadside-collinear array
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
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for ea.ch type of combination. ThuB the gain of
two broadside sets of four collinear arrays with
a set of reflectors, one behind each element, at
quarter-wave spacing for the parasitic elements, would be estimated as follows: From
Table I, the gain of four collinear elements is
4.5 db with half-wave spacing; from Table II,
the gain of two broadside elements at halfwave spacing is 4.0 db; from Fig. 2407 the
gain of a parasitic reflector at quarter-wave
spacing is 4.5 db; the total gain is then the
sum, or 13 db for the sixteen elements. Note
that using two 8ets of elements in broadside is
equivalent to using two elements, so far as"
gain is concerned, similarly with sets of reflectors as against one antenna and one reflector. 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 of
mutual coupling between elements upon the
radiation resistance of the array.
A great many directive antenna combinations can be worked out by combining elements according to these principles.
Broadness of Resonance

Peak performance of a multi-element directive array depends upon proper phasing, which
in all but the simplest systems can be exact for
one frequency only. However, there is some
latitude, and most arrays will work well over a
relatively-narrow band such as 14 Mc. If frequencies in all parts of the band are to be used,
the antenna system should be designed for the
mid-frequency; on the other hand, if only one
frequency in the band will be used the greater
portion of the time the antenna might be designed for that frequency and some degree of
misadjustment tolerated on the occasionallyused spare frequencies.
When reflectors or directors are used the tolerance is usually less than in the case of driven
elements, partly because the parasitic-element
lengths are fixed and the operation may change
appreciably as the frequency passes from one
side of resonance to the other, and partly because the close spacing ordinarily used results
in a sharp-tuning system. With parasitic elements operation should be confined to a small
region about the frequency for which the
antenna is adjusted, if peak performance is to
be secured.
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Antenna Construction
Masts - Rotating Mechanisms Receiving AntennasDummy Antennas

IF

THE antenna system is to operate most
effectively the conductors must be of low resistance. On the other hand the insulators
must have high mechanical strength and low
losses. For short antennas an entirely satisfactory conductor is No. 14 gauge hard-drawn
enamelled copper wire. For long antennas and
directi ve arrays No. 14 or No. 12 enamelled
copper-clad steel wire should be used to prevent any possible stretch. It is best to make
feeders of ordinary No. 14 or No. 12 enamelled
copper wire. It will be found difficult to make a
neat-looking feeder with hard-drawn or copperclad steel wire unless it is under considerable
tension at all times. Every effort should be
made to make the wires in one piece so that
the only joints are at the output terminals
of the transmitter. Where joints cannot be
avoided they should be carefully soldered.
If the feeder system is of the tuned type the
currents in it will be of the same order as or
larger than those in the antenna, and the same
care in avoiding joints is necessary. In the
open-wire untuned feeder system, however,
the currents are relatively low and this consideration is therefore not as important. In these
cases small wire can be used if necessary.
In building a resonant two-wire feeder as
much care should be taken with the quality
of insulation used in the spacers as is taken
with the antenna insulators proper. For this
reason one of the many good ceramic spacers
available should be used. Wooden dowels
boiled in paraffin can be used 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 in the dowels, then binding them to the
feeders with wire.
It should be kept in mind that the ends of
tuned feeders or the ends of the antenna are
points of maximum voltage. It is at these
points that the insulation is most important,
and Pyrex glass, isolantite or steatite insulators with long leakage paths are recommended.
Glazed porcelain also is good. Insulators should
be cleaned once or twice a year, especially
if they are subjected to much smoke and soot.
It is hardly possible to give practical instructions for the suspension of the antenna since

the methods used will vary so widely in individual instances. In most cases poles are desirable to lift the antenna clear of surrounding
buildings but in some locations the antenna
is in the clear when strung from one chimney to
another or from a chimney to a tree. Small
trees are not usually satisfactory as points of
suspension for the antenna on account of their
movements 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 as serious.
If the antenna 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 connected to a counterweight near the
ground. The counterweight will keep the tension of the antenna constant, even when the
branches sway and when the rope tightens and
stretches under varying climatic conditions.
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Flg. 2501 - Details of a 4Q-loot mast suitable lor
erection in locations where space ill limited.
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• ANTENNA MASTS

- with the mast vertical all the while. It is

A very simple and inexpensive mast is shown
in Fig. 2501. This design has been very popular
and is satisfactory for heights up to 35 or 40
feet. In addition to the 2" X 2" lumber, the
only materials"required are 5 X" carriage bolts
572" long with washers, a few spikes, about
300 ft. No. 12 galvanized iron wire and several
small strain insulators. These should be used
about every 10 or 12 feet to break the guy wires
into sections. Clear, sound lumber should be
selected. The mast may be protected by two
or three coats of house paint or, preferably,
aluminum paint.
If the mast is to stand on the ground, a
couple of stakes should be driven to keep the
bottom from slipping. The mast may be
"walked up" by a pair of helpers. If it is to go
on a roof, first stand it up against the side of
the building and then hoist it, from the roof,
keeping it vertical. The whole assembly is
light enough for two men to perform the complete operation -lifting the mast, carrying it
to its permanent berth and fastening the guys

therefore entirely practicable to put up this
kind of mast on a small fiat area of roof that
would prohibit the erection of one that had to
be raised vertical in its final location.
A heavier mast for greater heights (W1ALJ)
is shown in Fig. 2502. It can be made forty to
sixty feet high, requires only two back guys
forming a tripod with the antenna and is cheap
to construct.
The material required is as follows:
1 - 6" X 6" 9 feet long
2 - 4" X 4" 14 feet long
1 - 4" X 4" 20 feet long
2 pieces 20 feet long, 1" thick, 3" at bottom end, tapered to 2/1 at top
Top piece 2" X 1/1 6 feet long
1
Lapping bolts:
4 - %/1 X 14"
3 - 72/1 X 7"
3 - %" X 372"
Reinforcement bolts to prevent splitting
at ends of sticks:

6 - 72" X 472"
UI

Fig. 2502 - A 50.footer of busky construction. Only two guy wire. at the top are
required.
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72" X 7"

X"
X"

X 372"
X 272"

Each bolt requires two washers.
Large square washers may be used
on the lapping bolts and regular
round washers on the reinforcement
bolts. The bolts and washers should
preferably be galvanized.
The cost of all material for this
mast is about $12.

Constructional Hints
L Saw sides of bottom piece
(6 X 6) to accommodate lapping of
the two 4 X 4'8. See detail sketch.
NOTE. - Most so-called 4 X 4's
SO'
are usually about 3%/1 square.
2. Shed the tops of all pieces to
20'
allow rain to run off.
3. Bore necessary bolt holes in
all pieces.
4. Install the reinforcement bolts
with washers in ends of all pieces
where necessary and tighten.
5. Lay all pieces on level ground
in mast formation and insert bolts.
Tighten all bolts except those for
lapping the first two parallel 4 X 4'8
with the second 4 X 4.
6, Cut and fit the intermediate
reinforcement pieces used in the
two parallel sections and nail
them permanently in place.
H~~~~C:iA~~~-Vf~I' They should be about one
foot long.

--r

--rl
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7. Get three or four soap boxes for horses
and paint mast if you desire. Light gray makes
a fine-looking mast.
8. Use at least 7;2" rope for raising any antenna and install a good pulley on the top
stick.
Guying of this type of mast is neither complicated nor costly. No. 14 or 12 steel wire will
suffice for an ordinary single wire antenna.
Small egg type strain insulators are best for
breakers due to lapping of guy wire holes.
They should be spaced about 12 feet.
As previously mentioned, only two back
guys are necessary. each of these spaced 120
degrees from the antenna.
There are numerous methods of anchoring
the guys but the most common are trees, fences
and pipes driven in the ground. The latter
method is shown. The guy anchors should be
installed at least 30 feet from the base of the
mast and driven at least four feet into the
ground.
Installation
Dig hole 5 feet deep for 6 X 6. This piece
may be set in cement or reinforced by filling
hole with rocks and tamping dirt around them.
Use level to make sure base piece is verticaL
Raise first two parallel 4 X 4'8, and bolt in
place to base piece. Raise remaining 40-foot
section to vertical position beside the parallel
4 X 4's. It is not heavy and one ma.n can easily
accomplish this. While a brother ham holds the
40-foot section in place. climb a stepladder and
tie a piece of rugged rope or wire loosely around
the whole assembly about 2 feet down from the
top of the parallel 4 X 4's. Hold this in place

with a staple driven into one of the parallel
4 X 4'8. This will serve as a safety guide while
raising the 40-foot section vertically. Two
men take one guy each and walk in opposite
directions from base of pole to a distance of
about 40 feet. Get a good hold under the bottom of the 40-foot section and raise vertically,
Men on ends of guys should allow plenty of
freedom and yet not allow top to sway more
than 12 inches or so. When the bottom of this
section reaches your waist, start walking up
stepladder. If you are rugged, you can handle
mast with one hand and hang on to stepladder
with the other. However, if you are not rugged,
someone should help you during this operation.
When the 40-foot section reaches the proper
height, slide its base between the 4 X 4'8 and
insert the two bolts for this lap. Tighten nuts
and the mast is complete.
The mast shown in Fig. 2503 was put up by
W9LM at a cost of no more than $8. Only four
persons were needed to put it up and no guy
wires were used. It has stood up for a number
of years through some strong winds.
A used telephone pole was purchased and
delivered for $5. A hole 6 ft. deep was dug for
it. About 2 ft. from the top of the pole a 7;2"
hole was bored. The lower section was raised by
hand until ladders could be placed under it
which served as gin poles. The top section
consisting of 2 X 4's was assembled on the
ground and a 7;2" hole bored about 5 ft. from
the lower end of the top section. The lower
end of the top section Was loosely bolted to the
top of the lower section and swung up into position, as shown in the sketch, and spiked in
place.

• ROTARY BEAM CONSTRUCTION
BoluihrlJ
While the power gain given by a
all .3 ~ 2x4's directive antenna unquestionably
is desirable, it is only obtained
through a decrease in the power
radiated in unfavored directions,
and therefore limits the "allaround" communication possibilities of the station. To overcome
this, many amateurs mount the
simpler types of directive antennas
in such a way that the antenna can
be rotated to shift the direction of
32'
the beam at will.
Obviously the use of such rotary
antennas is limited to the higher
frequencies if a structure of practicable size is to be used. For this
reason the ma.jority of rotary beam
antennas are constructed for the
28-Mc. band, although many are
Fig. 2503 - This type may be carried to a height of 50 feet or more. in use at 14 Me. The antenna arNo illY wires are required.
rangements themselves do not
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differ from those used when the wires are fixed
in position; the problems involved in the construction of a rotary beam antenna are almost
purely mechanical.
'The antenna elements may be arranged
either vertically or horizontally as desired. At
the frequencies for which most rotary antennas
are built, horizontal polarization is usually
more desirable, particularly in reception. This
is because of the fact that the arriving waves
usually are horizontally polarized and because
electrical noises, bothersome at the high frequencies, are vertically polarized. With horizontal elements it is therefore possible to get a
better signal-to-noise ratio under average conditions. However, it must not be thought that
the vertically-polarized antenna suffers from a
lack of effectiveness - it is simply that where
circumstances permit a choice, horizontal
polarization is to be preferred. It is true, also,
that the mechanical construction of a rotating
antenna with vertical elements often is simpler
than that of a horizontal antenna having the
same electrical arrangement.
The problems in rotary beam construction
are those of providing a suitable mechanical
support for the antenna elements, furnishing a
means of rotation, and in attaching the transmission line so that it does not interfere with
the rotation of the system. Quite simple and
inexpensive arrangements can be used, although they may not be as convenient in operation as the more elaborate structures which
some amateurs have built. An extremely simple
method is indicated in Fig. 2504. The particular antenna shown is an extended double Zepp
with a parasitic reflector, the elements being
assembled on wooden spreaders and suspended
vertically from any convenient point. The
system is simply moved by hand to the desired
position, the two-pound weights acting as
anchors to hold it in place. Of course the ropes
between the weights and lower spreader should
be long enough to allow the weights to lie on
the ground. The swivel at the top permits easy
rotation without binding or twisting. The
height required for this particular antenna,
which is designed for the 28-Mc. band, is approximately 50 feet. It could be hung from a
regular horizontal antenna of appropriate
height. A similar suspension could readily be
used for a half-wave antenna with director or
reflector, in which case the antenna assembly
would be only 25 feet or so long. (Bib. 1)
Fig. 2505 shows another mechanical arrangement for vertical elements. The antenna,
which is a vertical section of metal tubing, is
fixed in position and is provided with a director
and reflector which rotate about it. The advantage of this arrangement is that no provision need be made for special contacts between
the'antenna and the feeder system, since the
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Fig. 2504
A simple arrangement for a rotatable
directive antenna. It may be suspended from any suit.
able support, sueb as anotber antenna, baving tbe requi.
site beigbt. The antenna shown is a 28.Me. extended
douhle Zepp with reflector.

position of the antenna is fixed. A rope and
pulley arrangement provides rotation from the
operating room, so that when a signal is picked
up the antenna can be rotated rapidly to the
position which gives maximum response. It is
then also pointing in the proper direction for
transmission to the same station. The antenna
system shown can be varied in details, of
course; for instance, close spacing might be
used between the parasitic elements and the
antenna to give somewhat greater gain. (Bib. 2)
When elements are suspended horizontally
it is necessary to make a supporting structure,
usually of light but strong wood. In such case,
also, it is desirable, both to simplify the structure and to provide rigidity in the elements, to
make the elements of light-weight metal tubing. Dural tubes often are used, and thinwalled corrugated steel tubes with copper coat-
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ing also are available for this purpose. The elements usually are constructed of several sections of telescoping tubing, making length adjustments
quite easy.
An easily-constructed supporting frame for a
horizontal rotary beam is shown in Fig. 2506.
It may be made of 1 by 2 lumber, preferably
oak for the center sections, with white pine or
cypress for the outer arms. The self-supporting
tubing antenna elements are intended to be
mounted on stand-off insulators on the arms
marked E. The square block at the center (A)
may be fastened to the pole by any convenient
means. The dimensions of such a structure will,
of course, depend upon the type of antenna
system used. It is particularly well suited to a
half-wave antenna with a single director or re.flector on 14 Mc., or a three-element beam on
28 Mc. (Bib. 3)
Various means of rotation and of making
contact to the transmission line have been
devised. One method is shown in Fig. 2507. In
this case the supporting pole is rotated by the
chain and sprocket arrangement shown, with
the base of the pole resting on a bearing. Feed-

E

Fig. 2506 - Easily-built supporting structure. Made
chiefly of 1 by 2'11, the structure is strong yet light.
weight. Antenna elements are supportcd on stand-off
insulators on the "E" arms. The length of the "n"
sections will depend upon the element spacing.

ers are brought down the pole from the antenna to a pair of wire rings, against which
sliding contacts press. (Bib. 4)
Parts from junked automobiles often pro-
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vide gear trains and bearings for rotating the

antenna. Rear axles, in particular, can readily
be adapted to the purpose. Some amateurs use
motor-driven rotating mechanisms which, although complicating the construction, simplify
the remote-control of the antenna. More or less
elaborate indicating devices to show, in the
operating room, the direction in which the

antenna through ISO degrees rather than 360.
Feeder contact is not so difficult in such a case.
When the antenna is designed for 360-degree
rotation, it is preferable to have the feeders
arranged so that continuous rotation is possible, rather than to have a stop at some point
on the circle. This avoids the necessity for retracing almost the whole circle when it is desired to move the antenna the few degrees from
one side of the stop to the other.
Time spent in adjustment of the rotary
beam for maximum results, particularly in
obtaining the best front-to-back ratio, is well
repaid. The fact that the antenna is rotatable
facilitates this process, since any convenient
receiving location can be used for checking
field strength .
• THE RECEIVING ANTENNA

Fig. 2507 - One form of rotating mechanism. A
bicycle sprocket and chain tnrn the pole which supports
the beam antenna. Feeder connection. from the an·
tenna are brought to the metal rings, which slide
against spring contacts mounted on the large stand·
o.lfs on the short pole.

antenna is pointed, often are used with motordriven beams.
Generally speaking, a rotary beam antenna
is useful for only one band, and if multi-band
operation is contemplated an additional antenna or antennas of conventional construction
must be installed. A few systems, however, are
adaptable to operation on two bands. The
arrangement of Fig. 2406-B, Chapter 24, for
instance, can be used for this purpose.
The full benefit of a rotating directive antenna is realized only when the system is unidirectional, since such an antenna offers the
maximum possibility of reducing interference
and noise in reception. An incidental advantage to other amateurs is the fact that a unidirectional antenna also reduces interference to
other stations not along the line of transmission. Bidirectional systems, while somewhat
less advantageous from this standpoint, are,
however, somewhat easier to build mechanically, because it is only necessary to rotate the
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Because of the high sensitivity of modern
receivers a large antenna is not necessary for
picking up signals at good strength. Often it
will be found that the receiving antenna in the
amateur station is an indoor wire only 15 or 20
feet long.
On the other hand, the use of a tuned antenna unquestionably improves the operation
of the receiver because the signal strength is
greater in proportion to the stray noises picked
up by the antenna than is the case with the
antenna of random length. Also, since the
transmitting antenna is usually given the more
choice location, it can be used to great advantage for receiving, especially on the DX
bands, and always when a directive antenna is
used. A change-over switch or relay connected
in the antenna leads can be used to transfer the
connection from the receiver to the transmitter
while the transmitter is on the air. For best
results, an antenna tuning unit, as shown in
Chapter 8, should be used at the receiver.
If a separate receiving antenna is preferred,
a doublet antenna of the type shown in Fig.
2508 will give very good results. The length of
the lamp cord transmission line may be anything convenient. The antenna itself should be
a half-wave long for the frequency band most
f--- ~A - - - I

t--IfIA-+j

Fig. 2508 - Doublet receiving antenna.
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used; despite the fact that the antenna is
resonant for only one band, it will give good
results on others as well. A popular length is
65 feet or so, designed to resona.te in the 7000kc. band.
The increasing popularity of short-wave
broadcast receiving antennas has led to the
development of many excellent commercial
types available in kit form at reasonable
prices. Designs such as the "Double-Doublet"
and the "V Doublet" perform effectively for
amateur work at 14 Me. and lower frequencies.

rent in the resistor and applying Ohm's Law
(W = II R). The resistor must be noninductive. Suitable resistors are available commercially.

~MTR.

Ca) } ]

• DUMMY ANTENNAS
In tuning the antenna system to the transmitter the antenna ammeter's chief function is
that of providing a means for comparing the
effects of different adjustments. The actual
power output must be measured by adopting
a different method. The simplest of these is that
involving the use of a non-radiating or
"dummy" antenna.
Such a dummy antenna should be part of
the equipment available in all good stations.
By its use, during periods of adjustment and
tuning of the transmitter, much unnecessary
interference with the communication of other
stations may be avoided.
The dummy antenna is a resistance of suitable value capable of dissipating in the form of
heat all the output power of the transmitter.
One of the most satisfactory types of resistors
for amateur work is the ordinary incandescent
electric lamp. Other non-inductive resistors of
sufficient power-dissipating capacity can be
used, however.
Three circuits for use with dummy antennas
are given in Fig. 2509. The first of these is for
use with a low-resistance dummy - say 25
ohms or less. The resistor is connected in series
with a tank circuit which tunes to the same
frequency as the transmitter, and which is
coupled inductively to it. If the value of the
resistance is known accurately
measurement is difficult, however, because of skin effect
at high frequencies - the power may be determined by measuring the radio-frequency cur-

Fi,l. 2509 -

fu

Dummy antenna circuits.

Incandescent bulbs, which in the lIS-volt
sizes have a resistance of 75 ohms or more at
operating temperature for ratings of 150 watts
or less, will work more satisfactorily in either
of the other two circuits. The lamp should be
equipped with a pair of leads, preferably soldered right to the terminals on the lamp base.
The number of turns across which the lamp
is connected should be varied, together with
the tuning and the coupling between the
dummy circuit and the transmitter, until the
greatest output is obtained for a given plate
input.
In using lamps as dummy antennas, a size
corresponding to the expected power output
should be selected so that the lamp will operate
near its normal brilliancy. Then when the adjustments have been completed an approximation of the power output can be obtained by
comparing the brightness of the lamp with the
brightness of one of similar power rating in a
lIS-volt socket.
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Introduction to U.H.F.
A. BrieJ Survey oj U.H.F. Wave Propagation, Equipment
and Possibilities

IN

AMATEUR work, the ultra-high-frequency
region is considered to include the 56- to 60Mc. band and all higher frequency bands available for amateur use. The 28- to SO-Mc. band
is not normally considered to be a part of the
ultra-high-frequency region. However, it is
often desirable to include dimensions for
28-Mc. operation of some of the 56-Mc. gear
because many amateurs will wish to work the
two bands with the same equipment. The
56-Me. equipment converted to 28-Mc. work
will usually be more effective than will lowerfrequency apparatus cut down to work at
28 Me.
Wave-propagation phenomena change rapidly as the frequency is increased above 28
Mc. Barring extremely exceptional conditions,
the frequency limit at which sky waves are
sufficiently bent, in the F2 layer of the ionosphere, to be returned to earth lies in the region
of 40 megacycles during the favorable part of
the sunspot cycle. It may be well below 28 Me.
during the unfavorable part of the cycle. The
28-Mc. band, then, is characterized by periods,
extending over several years, when fully reliable communication over long distances is
possible, and by similar periods of shorter
length when long distance communication is
almost non-existent. During the latter periods
the transmission characteristics are in many
respects similar to those customarily found on
56 Me.

Direct-Ray Transtnission

Transmission by means of the F2layer in the
56-Me. band is so extremely rare that it can be
neglected for practical communication. There
are three known ways in which waves in this
frequency region are propagated. The first is
by direct, or nearly direct rays, whose paths
are very similar to those of light rays. The
range in this case is practically the same as the
visual range from the antenna, and for this
reason transmission of this type is known as
"line-of-sight" transmission. Just as in the case
of visual distances, the transmitting and receiving range depend upon the height of the transmitter and receiver above the surrounding
territory, and on the contour of the ground
between the transmitting and receiving points.
The actual range of line-of-sight transmission
extends about 10% beyond the optical horizon,
on 56 Mc.
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Lower-Attnosphere Transmission

During the latter part of 1934, experimental
work at A.R.R.L. Headquarters served to establish that ultra-high-frequency waves are
bent very appreciably in the lower atmosphere
under certain atmospheric conditions. This
work indicated that, on occasions when warm,
moist tropical air was overrunning relatively
cold and dry Polar air, communication could
be had, even from low-lying stations, over distances of a hundred and sometimes two hundred miles. It was also shown that considerable
bending of the waves in the lower atmosphere
occurs at all times when a layer of warm air
overruns a layer of colder air. Since this effect
is to be found almost every night, one can
expect to find that communication with points
beyond the visible range is prone to become
much more effective at night than during the
day.
Sporadic E-Layer Transtnission

Occasionally patches of densely ionized atmosphere occur at heights somewhat lower
than that of the normal E layer, and these
"sporadic E" layer patches often are capable
of refracting 56-Mc. waves sufficiently to return them to earth. Since the layer height is
comparatively low, the distances which can be
covered are not comparable to those resulting
from F2 layer transmission, but are limited to
a maximum of about 1200 miles for one-hop
transmission. The "sporadic E" layer is not
continuous, and circumstances which result in
a patch appearing at exactly the right spot to
make communication possible between two
stations are largely fortuitous. Two-hop transmission over longer distances is rare, although
it has been known to occur. Conditions suitable
for 56-Mc. transmission via the sporadic E
layer occur most frequently during the summer
months. Contrary to regular ionosphere transmission on the lower frequencies, there is no
observed variation with time of day, and good
conditions for this type of transmission are
likely to exist in either daylight or darkness.
Hz'~her

Frequencies

Less has been established regarding transmission characteristics on the 112-Mc. band
than is known about 56-Me. transmission.
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rhere are no known instances of sporadic Elayer refraction in the 112-Mc. band, but the
possibility that it does occur cannot be ruled
out until a great many stations, in different
parts of the country, have made continuous
observations over long periods of time. Amateur operators have the opportunity to contribute significant and greatly needed information on this point. It is urged that special
efforts be made to listen and transmit in the
112-Mc. band when conditions are favorable
for "DX" work on 56 Mc., since it is at these
times that sporadic E refraction would occur
on 112 Mc.
Bending in the lower atmosphere takes place
on 112 Mc. in much the same way as on 56 Me.,
and experiment indicates that the same ranges
are possible. This question, however, has not
been thoroughly investigated, and more data
resulting from more widespread activity on the
band would be of value.
Direct-ray or line-of-sight transmission on
112 Mc. is equivalent to that on 56 Mc. This
also is true of frequencies in the 224-Mc. band.
On the latter frequency, however, experimental
confirmation of lower atmosphere bending is
meager, and the opportunity exists for pioneering work along these lines.
Opportunities for important discovery lie in
the ultra-high-frequency region, particularly
in the little-explored frequencies above 112
Me. The lack of guide-posts is a fascinating
incentive to exploration on the part of the experimentally-inclined amateur.
Antennas
The familiar forms of antennas are in use on
the ultra-high-frequencies, much reduced in
linear dimensions but operating on the same
principles. The smallness of the antenna offers
an excellent opportunity for the construction of
effective directive systems, with a wide range
of choice in the types to use.
Experience has shown that a verticallypolarized antenna gives better results in lineof-sight transmission, Insofar as signal strength
is concerned, than one horizontally polarized.
Most of the man-made noise which is prevalent
in the lower ultra-high-frequency region (56
Mc ) is, however, vertically polarized, and can
be considerably reduced in reception by using
a horizontally polarized antenna. The question
of whether horizontal polarization would not,
on that account, be better on the whole for
amateur work has not been thoroughly explored. In line-of-sight and lower atmosphere
transmission, it is essential for maximum results that the same polarization be used at both
transmitter and receiver. For transmission by
means of the sporadic E layer, however, either
type of polarization seems equally effective,

to U.H.F.

regardless of the kind used at the transmitter
or receiver, since the polarization frequently
shifts when the wave is refracted in the layer.
Equipment
The equipment used for 56-Me. work resembles that described earlier in this volume for
the lower frequencies. Transmitters are usually
crystal-controlled, while in the receiving field
the super-heterodyne is outstandingly superior
to other types. Some modifications in design
and layout are necessary to secure maximum
performance, but in general the circuits and
construction are straightforward.
At 112 Me. and higher a different picture
prevails. Here there are no stringent requirements as to frequency stability, so that very
simple equipment is the order of the day.
Ordinary tuned circuits consisting of coils and
condensers are inefficient, and frequently are
replaced by resonant-line circuits which bear
no resemblance to their conventional equivalents. These high-Q linear circuits, greatly
superior to ordinary coil-condenser tanks,
are within the realm of practicality on ultrahigh frequencies where dimensions in terms of
wavelength can be expressed in inches rather
than meters. They can be applied both to
transmitters and receivers, and contribute
greatly to making tubes of ordinary construction useful. Even so, the experimenter must
pick his tubes with care if good results are to
be secured - or even any results at all.
Frequency Modulation
Although frequency modulation is forbidden
in the lower-frequency bands, it is specifically
permitted in the 58.5- to 60-Mc. and 112- to
116-Mc. ranges. It is, however, stabilized f.m.
with no appreciable amplitUde modulation,
and as such has several advantages, chief
of which are its noise-reduction characteristics
with proper receivers and its negligible audio
power requirements. It is one of the most fertile
fields at the present time for amateur experimentation, and demands the attention of every
serious u.h.f. worker.
Amateur Television
Television is allowed in the 112-Mc. and
higher-frequency bands. With the development
of inexpensive picture pick-up tubes (Iconoscope) and viewing c.r. tubes (Kinescope),
considerable impetus has been given to amateur television recently. Although undoubtedly
destined to become an important part of amateur communication in the future, it is at present too specialized a field to be treated in the
Handbook. Those interested in the subject will
find many interesting articles in the 1938,
1939 and 1940 issues of QST.
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U.H.F. Receiving Equipment
Converters - Superheterodynes - Superregenerative Receivers

Fif. 2701 - The 112.Me. converter Il8eS a 7A4 oseil.
lator and a 1232 mixer. The panel dial is the oecillator
tuning dial; the panel knob is the mixer tuning control.
The knob OD the aide adjnets the oecillator band-aet
condenser.
IN ESSENTIAL principles, modern receiving
equipment for the 28- and 56-Mc. bands does
not differ from that used on lower frequencies.
In view of the higher frequency there are, of
course, certain constructional precautions
which must be taken to ensure good performance. The 28-Mc. band serves as the mootingground between those frequencies ordinarily
termed "communication frequencies" and the
ultra-highs, and it will be found that most of
the receivers described in Ohapter Eight are
capable of working on 28 Mc. In this chapter
will be presented receivers and converters
capable of good performance on 56 Mc. and
higher.
Present regulations require that transmitters
working on all frequencies below 60 megacycles
must meet similar requirements respecting
stability of frequency and freedom from frequency modulation. It is thus possible to use
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receivers for 56 Mc. having the same selectivity.
as those designed for the lower frequencies.
This order of selectivity is not only possible
but desirable, since it makes possible a considerable increase in the number of transmitters
which can work in the band without interference, as compared to broad-tuning receivers.
Also, high selectivity greatly improves the
signal-to-noise ratio, both in the receiver itself
and in the response to external noise. This
means that the effective sensitivity of the receiver can be considerably higher than is possible with non-selective receivers.
Sufficiently-high selectivity can only be obtained by using the superheterodyne type
receiver. This type also offers the highest degree of stability, which is an extremely important consideration in ultra-high frequency
work. A receiver which will not "stay put"
on one frequency requires continual retuning,
which is an operating disadvantage, and the
tuning is critical if the selectivity is fairly
high. It is difficult to make a simple regenerative receiver suffiCiently stable for c.w. reception on 56 Me., and its selectivity is very poor.
Until the transmitter frequency-stability requirements were extended to the 56-Me. band
the superregenerative type receiver was highly
popular, hut its selectivity also is poor and the
.sensitivity does not compare with that of a
good superhet. The superregenerative receiver has the advantage of low cost, however,
and for that reason is still used to some extent.
It is, however, excellent for the 112-Mc. band
and practically the only receiver used on 224
Me.
A superhet receiver for 56-Me. work should
use a fairly high intermediate frequency so
that image response will be reduced. At 56
Me., for instance, a difference between signal
and image frequencies of 900 kc. (the difference when the i.f. is 450 kc.) is a very small
percentage of the signal frequency, consequently the response of the r.r. circuits to the
image frequency is very nearly as great as to
the desired signal frequency. To get discrimination against the image equivalent to that
obtained at 3.5 Me. with a 450-kc. i.f. would
require for 56 Me. an i.f. 16 times as high, or
about 7 Me., if the circuit Q's were the same
in both cases. However, the Q of a tuned cir-
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cuit at 56 Mc. is not as high as at the lower
frequencies. chiefly because the tube loading
of the circuit is considerably greater. As a
result. still higher intermediate frequencies
are desirable, and a practical compromise is
reached at an Lf. of about 10 Mc.
Since high selectivity cannot be obtained
with a reasonable number of circuits at 10 Mc .•
the double superhet principle is commonly
employed. The 100Mc. frequency is changed to
an i.f. of the order of 450 kc. by a second oscillator-mixer combination. Thus the receiver
has two intermediate frequencies. at both of
which amplification takes place before the
signal is finally rectified and changed to audio
frequency.
Very few amateurs build complete 56-Mc.
superhet receivers along these lines. General
practice is to use a conventional superhet
receiver to handle the lO-Mc. output of a
simple frequency-converter. Thus a regular
communications type receiver
or even an
all-wave broadcast receiver - can be used
with excellent effect on 56 Mc. with the addition of a relatively simple and inexpensive
"converter." Since most amateurs have communications receivers, the construction of a
good superhet for 56 Mc. is a relatively simple
matter.
From a practical aspect. superregenerative
receivers may be divided into two general
types. In the first the quenching voltage is

developed by the detector tube itself
socalled "self-quenched" detectors. In the second, a separate oscillator tube is used to generate the quench voltage. The self-quenched
receivers have found wide favor in amateur
work. The simpler types are particularly
suited for portable equipment where the apparatus must be kept as simple as possible.
However, it is our strong recommendation
that the lreparately quenched type be used in
all cases where the ultimate performance is
expected. One enormous advantage of the
separately quenched type is that it is readily
possible to adjust the operating conditions so
that the receiver is extremely sensitive even
under conditions when relatively little hissing
or "mush" noise is had. In the separately
quenched superregenerative detector it would
appear to be of little consequence just how the
quench voltage is introduced into the circuit
providing the voltage is of the correct order
and that the quench frequency is something
near the optimum value. Many amateurs have
"pet" circuits which are claimed to be superior
to all others. The probability is that the arrangement of their pa.rticular circuit has led
to the use of correct operating conditions. It is
certainly a fact that any of the various sepa~
rately quenched circuits can be made to operate in substantially the same fashion by careful
adjustment. Likewise, the self-quenched cir~
cuits are all capable of a somewhat similar
performance. The latter, however, though very
simple in appearance, require particularly careful handling in order to obtain smooth operation and freedom from howling and generally
irregular performance.
• U.H.F. CONVERTERS
If the amateur already has a communications receiver, or even a fairly decent all-wave
b.c. set capable of tuning to 5 or 10 Mc., there
is little or no need for building a special u.h.f.
receiver, particularly for 56 Mc. It is much
easier to build a converter and work the converter into the already-existing receiver. The
output transformer of the converter is tuned
to the same frequency as the receiver (5 or
10 Mc.) and the signal is coupled through a
low-impedance line to the input of the receiver
in much the same manner that link coupling is
used in a transmitter. All of the tuning is done
with the converter, and the gain is adjusted to
a suitable level by means of the gain control
on the receiver into which the converter is
working.

Fig. 2702 - A rear view of the converter shows the
two plug.in coils and the antenna terminals. The wire

leading off at the left is the battery cable' the twisted
pair on the right carries the output to the i.f. amplifier.

A Converter for 56 and 112 Me.
The converter shown in Figs. 2701, 2702,
2704, 2705 and 2706 uses a 123210ktal tube for
the mixer and a 7A4 for the oscillator. By

CHAPTER TWENTY.SEVEN

365

The Radio Amateur's Handbook
grouping the tuning condenser, coil and tube
socket closely together, it is a relatively simple
matter to achieve low-enough circuit capacities to work readily on 112 Me. As can be seen
from Fig. 2703, the grid of the 1231 mixer is
tapped down on the coil, to reduce the loading
on the circuit and obtain a better gain in the
stage. The plate-tickler circuit is used in the
oscillator, so that the cathode can be grounded
directly and thus give a minimum of hum to
the signal.
The oscillator tuning condenser is a 15-~~fd.
condenser from which several plates have been
removed, and this is paralleled by a 35-ppfd.
band-set condenser. With this type of bandspread system, the converter can be set to the
desired frequency band, the mixer condenser
turned to the point where the noise is greatest,
and then the tuning is all done with the small
oscillator condenser. When a signal has been
tuned in, the mixer can be peaked again, but it
Fig. 2703 -

Wiring diagram of the u.h.f. converter.

C. - I5·III1Cd. midget variable (Hammariund OF.I5).
C. - 3S·lIl1id. midget variable (Oammadund OF -35).
C3 - lO·lIl1fd. midget variable (Oammarlund HF -15
witb one stator and one rotor plate removed).

<A -100-lIl1ld. midget mica.
Ca, Ca, C7 500-l'lIfd. midget mica.

Cs, C9 - O.Ol·l'fd. 6oo-volt paper.
R.
500 ohms, 72.watt carbon.
R2 -125,000 ohms, I-watt carbon.
Ra - 20,000 obms. 72·watt carboD.
R. - 10,000 obms, I.watt carbon.
T.
3 Mc.: 75 turns No. 30 d.s.e. cloaewound; coupling
coil is 20 turns No. 30 d.s.c. closewound 78
ineb from ground end of coil.

5 Me.: 45 turns No. 30 d.B.e. closewound; eou.
piing coil is 14 turns No. 30 d.s.e. closewound
J.1i inch from ground end of coil.
The transformers are built in the Hammar.
lund ETU units. Both sections oC the condens·
er are used.
1,1 - 112 Me.: 234 turns No. 20 enam., %.inch diam.,
spaced diam. of wire. Grid tap at ~ turn from
top.
56 Me.: 472 turns No. 20 enam., ~.ineh diam.,
spacewound to occupy 72 inch. Grid tap at 172
turn. Crom top.
14 - 112 Me.: 3 turns No. 20 enam., )4.inch diam ••
c1osewound one wire diameter below cold end
of Lt.
56 Me.: 3 turns No. 24 enam. cl08ewound 78
in('b below L..
L3 -112 Me.: 1 tum No. 20 enam. 34·incb diam.,
3 wire-diameters below lA.
56 Me.: I7\i turns No. 24 enam. c1osewound
J.1i incb below lA.
112 Mc.: % turn No. 20 enam., %.ineb diam.,
lA
56 Me.: 1~ turns No. 20 enam. spaced to oc·
cupy 34 inch.

Fig. 2704 - A sbot un·
derneath tbe converter
illustrate. the arrange·
ment of the parts. Note
that in tbe oscillator sec·
tion (on tbe left) the band.
set and tuning condensers
butt into eacb other for
sbort leads. The band.set
condenser is insulated
from tbe side panel by an
insulated washer, and the
oscillator circuit grounds
to the cbassis at only One
poin t, tbrou gb tbe tuning
condenser. Tbe victron
througb.busbing which
serves as coupling between mixer and oscillator
can he seen on tbe partition just above the oscilla.
tor tuning oondenser. The
bushing connects to tbe
1232 grid on one side and
to nothing on the other.
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hole and sliding the
retainer rings over
the sockets. The tube
sockets are also made
by Amphenol and
mount in much the
same fashion. For
short leads, the oscillator socket should
be mounted with the
slot towards the rear
of the set, and the
mixer socket should
be mounted with the
slot towards the lefthand side of the set.
As mentioned before, the oscillator
tuning condenser, Ga,
is mounted on the
shield partition, and
the band-set condenser, G2 , is mounted
on the right-hand side
of the chassis. The
band-set condenser is
insulated from the
metal by fiber washers
Fig. 2705
The mixer circuit can be seen when the side panel is removed, giving
so that there is only
an idea of the placement of the parts. The tie strip at the lower right takes the output
one ground point to
leads from the transformer. The through-blUhing can be seen just to tbe left of the
tuning condenser, with a wire from it running to the 1232 grid.
the chassis for the oscillator circuit, that
is not usually necessary over the range of the through the oscillator tuning condenser. The
band-spread condenser. The pulling of the os~ mixer tuning condenser, G}, is mounted on the
cillator by adjustment of the mixer tuning right-hand side of the chassis and grounds the
condenser is very slight because of the loose mixer circuit at that point.
The oscillator tuning condenser and the
coupling.
All of the metal is l/l6-inch thick aluminum. mixer tuning condenser are fastened to their
The panel is 5 M by 8 inches, but it is longer respective panel controls through insulated
than is absolutely necessary and could be couplings, to avoid duplication of grounds.
One of the mounting screws for the tuning
trimmed to be only 6 inches long. The extra
length was included to put the dial in the cen~ dial also serves to hold the top of the chassis to
ter of the panel and also to provide room for the panel, and another one holds the partition
possible future switches for shifting to various to the panel.
Lf. amplifiers. The chassis itself is built from a
The panel and sides should be left off until
piece of 53-4-inch wide metal bent to form a all of the wiring that can be done without
3Ys-inch wide top and 4-inch deep back. A them has been finished. Heater leads, ground
M-inch lip is bent down from the top to fasten connections, by-pass condensers, and resistors
the chassis to the panel. The two sides are can all be put in before the sides and panel are
made by forming shallow U's (with M-inch fastened. One should be a bit careful not to
sides) to fit between the panel and the back of hold the soldering iron on the polystyrene coil
the chassis. A shield is made and fitted under sockets for any longer than is necessary to
the chassis, making the oscillator compartment start the solder flowing, or else the socket con2M inches wide. This shield mounts the oscil- tacts will loosen from the heat's effect on the
lator tuning condenser and also takes the polystyrene. A small, pointed soldering iron
National TPB victron through-bushing which comes in very handy here. A lead is run from
serves as a coupling condenser between oscil1a~ the grid of the 1232 to the through-bushing on
tor and mixer.
the partition but no connection is made on the
The coil forms are the small %;-inch diameter oscillator side, since the capacity between the
Amphenol ones made of polystyrene, and the bushing and the oscillator leads is sufficient for
coil sockets are also of polystyrene. The coil coupling. All r.f. leads and leads from by-pass
sockets mount simply by drilling a suitable condensers are kept short and direct.
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The coil for the S-meter range is wound in

the usual manner on the outside of the coil
forms. No trouble should be had in finding the
S-meter amateur band, since the tolerance on
this range of coil is fairly wide. The only care
necessary is to prevent the pins from loosening
up in the forms because of the heat when soldering. The wire should be well cleaned and a
spot of flux used on the tip of the pin. No attempt should be made to flow solder on the
pin and wire, but a drop of solder picked up
by the iron can be held against the pin for just
an instant. long enough to solder wire and pin
together. If the pin loosens up or moves out of
place, it can be heated again slightly (by
holding the soldering iron against it) and held
in the proper position with long-nosed pliers.
When the metal (and coil form) cools, it should
he as solid as ever. If it isn't, it doesn't matter
too much, since the form can still be plugged in
the socket without too much difficulty.
The coils for the 2Y:i-meter range are wound
inside the coil forms. It is, however, a simple
matter to adjust them, since the coil forms can
first be sawed through near the base and the
coils adjusted by spreading the turns. When
the adjustments have been made, the coil
form can be fastened together by Duco cement, and there will be no danger of the coil's
being injured by handling.
The usual rule must be followed for the oscillator coil. i.e., if both grid and plate coil are
wound in the same direction, the grid and plate
connections come off opposite ends (in case the
outside ends).
The connections on the oscillator coil, looking at it from the bottom are (starting with the
oddly-spaced pin and going clockwise): plate.
ground, B plus, grid and blank. In the same
manner, the mixer-coil connections are grid,
tuning condenser, antenna, antenna and
ground. Both mixer and oscillator coil sockets
are mounted with the odd pin at the top.
If the connections have been made correctly
and kept short enough. no trouble should be experienced in making the oscillator oacillate in any
of the ranges. For the 112-Mc. band, the oscil-

Fig. 2707 - A superhet converter for 56-Me. reception. Designed for use with a communications-type
receiver, this converter has an 185Z r.t. stage and a 6K8
mixer-oseillator. It uses a high-frequency i.f. (10 Mc.)
for image reduction.

lator band-set condenser will be at minimum
capacity, but will set at about mid scale for the
other range, varying slightly with the U. used.
The converter is coupled into the i.f. amplifier through a low-impedance link, and this requires that the input transformer in the i.f.
amplifier be modified by winding a number of
turns about the grid coil and connecting the
link to this coil. Alternatively a duplicate of
the output transformer TI can be built and
substituted for the first transformer in the U.
amplifier. If a receiver is used for the Lf. amplifier. the output leads connect to ground and
the grid cap of the mixer tube in the receiver,
after the regular grid lead has been removed.
Antennas for use with the converter present
the same problem that they do with any u.h.f.
receiver, and your particular favorite is the one
to use. A little experimenting with the antenna
coil Lt may help in giving a better match to
the antenna system - the dimensions given
are average values that were about right for
low-impedance line input.
If signals are weak the trouble probably can
be accounted for by too much or too little oscillator voltage reaching the mixer, and this can
be adjusted over considerable range by moving

Fig. 2706 - The HZ-Me. coU.
(right) are self-supporting inside the
coU forma, while the 56-Me. coils are
wound in the usual manner.
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the tickler coil L, closer to or farther away
from L~. However, the adjustment does not
seem to be too critical.
For maximum performance, it is suggested
that a stabilized power supply be used with the
converter. (Bib. 1.)
A 56-Me. Converter with R.F. Amplifier

The performance of a converter can be improved by equipping it with an d. amplifier
stage to precede the mixer. The additional
amplification provided is seldom necessary
with a communications receiver functioning as

tion, with C2 directly in line with C1. A hole
through the shield permits the two shafts to be
connected by a flexible coupling. Both of the
coils, and also coil Ls, have their terminals
soldered directly to the appropriate condenser
lugs.
The oscillator-mixer section of the circuit is
to the right of the 2 Y2-inch partition, with the
tube socket mounted on the same side. Cs. also
mounted on the partition, is located at the rear
of the tube socket. The iJ. transformer, Tl, is
mounted at the right-rear corner of the chassis.
The output leads from this transformer are

-2S01( 6.3V.

+250

Fig. 2708 - The 1852·6K8 converter circllit.
Cl, C, -15.""fd. midget variable (National UM.15).
R~ -20,000 ohms, ;i.watt.
Ca
Same as Cl with two rotor and one stator plate
Rs - 20,000 ohms, 2-watt.
RFC - In 1852 plate circuit, 2.5·mh. pie.wound; in
removed.
C•• C6 - 30.""fd. compression-type padders.
oscillator circuit. solenoid type (Ohmite).
Cs to Co, inc. - 0.005.~d. mica.
Ll
6 turns No. 14, diameter ;i inch, length 1 inch.
CIO - 0.002·"fd. mica.
L2 - 6 turns No. 14, diameter ;i inch. length % inch.
Cn - 250.~d. mica.
La - 10 tums No. 14. diameter ;i inch. length 1;\4
C12 - 100·pp.fd. mica.
inches, tapped 4th tum from grid end.
Rl - 200 ohms, ;i.watt.
I.F. Output Transformer - P, 25 turns No. 28 d.s.c.
R: - 65,000 ohms ;i.watt.
c108cwound on half·inch form; S, 6 turns
Ra - 50,000 ohms, ;i.watt.
wound over P at bottom; C, 35'j.I,,£d. midget
R. - 300 ohms, ;i.watt.
variable.

an i.f. amplifier, but the improvement in both
image rejection and signal-to-noise ratio is
worth while. A converter with an r.f. amplifier
stage is shown in Figs. 2707 and 2709. As the
circuit, Fig. 270S, shows, an IS52 is used as the
r.f. amplifier or preselector, and a triodehexode converter tube, the 6K8, is used as a
combined mixer and oscillator. The intermediate-frequency is 10 Me.
The aluminum chassis measures 1 by 3Y2
by 7 inches. Shielding between stages is provided by the right-angle partition shown in the
photograph. This partition is 2 % inches high,
and the side parallel to the front edge of the
chassis is 4 inches long. The portion that supports the 6KS is 2Y2 inches long. The 6KS
is mounted at the bottom of the shield, with
the grid cap facing the left end of the base.
The IS52 grid tuning condenser, Ct, and
coil, L1, are mounted to the rear of the 4-inch
section of the shield. The 1852, condenser Cz,
and coil L2 are mounted in front of the parti-

shielded to prevent stray pick-Up between the
converter and the receiver. By-pass condensers
and resistors are closely grouped around the
tube socket, assuring short leads. A trimmer

Fig. 2709 - Below-chassis wiring of the metal·tube
converter. The 1852 socket may be seeD at the right.
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condenser, 0•• soldered across La. allows a small

pled. The coupling coil should be slightly

variable capacity to be used as the tuning element and at the same time makes the circuit
fairly high-C in the interests of good stability.
A small panel is used to mount a vernier dial
for the oscillator condenser. Since the rJ.
tuning is not critical and, indeed, is broad
enough to cover a good portion of the band
with one setting, a small knob gives sufficient
control.
The output line may be connected to the antenna and ground terminals of the standard
receiver used as an U. amplifier, or to the
"doublet" terminals, if provided. The exact
i.e. chosen is not particularly important, so
long as it is in the vicinity of 10 Mc. Choose a
frequency which is free from signals, if possible,
so that there will be no unnecessary interference from this source.
Tuning of the converter is as follows: With
the r.r. and oscillator condensers at about half
capacity, the padder, C4, is adjusted until
56-Mc. stations of known frequency are heard.
After this the padder may be set to bring the
high-frequency end of the band near minimum
capacity on Ca. The i.f. transformer should
then be tuned for maximum signal strength.
The 56-60-Mc. band will occupy approximately 60 to 70 divisions on the dial. The r.f.
and mixer input circuits, L 1Cl and L2C2 , may
be made to track by squeezing or spreading
the turns of Ll and L2 until both cover the same
frequency range, as determined by loosening
Cl from the coupling and turning it independently to see if it peaks the noise at the same
setting as C2.
Any type of antenna may be used, so long as
it loads the r.f. grid circuit quite heavily.
Optimum operation will result under these
conditions. A single-wire antenna may be
capacity-coupled, while a two-wire feeder
system preferably should be inductively cou-

smaller than the r.r. coil, L 1•

A 28- and 56-Mo. Converter for Mobile Use
Although 28-Mc. mobile work is prohibited
at the time of writing, 56-Mc. work is not, and
there is nothing to prevent the u.h.f. operator
from carrying a receiver in his car capable of
receiving on either band, since a check on
28-Mc. conditions often indicates when 56-Mc.
is "hot." Obviously a most economical method
of obtaining high sensitivity and selectivity
is to employ a converter working into a car
broadcast set. The plate power to operate the
converter can be taken from the car radio set,
while the car battery furnishes the filament
power.
Figs. 2710-2713 show a single-tube converter
which gives highly satisfactory performance in
mobile operation. The Lf. output frequency is
1500 kc., to work into a standard-range b.c.
receiver.
The size of the unit allows easy mounting
on either dash or steering post.
The circuit, shown in Fig. 2711, uses a 6K8
triode-hexode converter tube in an arrangement which is not entirely conventional. A Colpitts type oscillator is used, having the advantage that it permits grounding the rotor of the
tuning condenser, thus simplifying the insulation problem and eliminating hand capacity;
furthermore, the oscillator coil need not be
tapped, nor is an extra tickler coil required.
The Hazeltine method of coupling the grid
circuit to the antenna is used, the antenna coil
(identical to the oscillator coil) being fed from
the antenna at the low-impedance point, thus
decreasing the possibility of trouble caused by
antenna loading with the coupling coils commonly used. High gain can be achieved by the
use of a tuned antenna, a quarter-wave rod
(length adjusted to the band in use) on the rear
bumper of the car, worked against the car as a
ground. It can be coupled to
the converter through a low
impedance (36-ohm) cable.
An important feature of the
circuit is the use of two midget
neon bulbs in series as voltage
regulators for the oscillator.
Because the voltage drop across
them is constant, variation in
.. B" voltage is negligible over
a wide range of input-voltage
change due to generator fluctuation. This eliminates frequency change in the oscillator.
The neon bulbs are G.E. type
T-2, without resistor.
The box is 3 by 4 by 5 inches,
Fig. 2710 - Tbis compact converter unit works on both 28 and 56 Me.
with any car broadcast recei-..er. Tbe Iteering-column mounting, fastened with the 4 by 5 sides removable. The tuning control is on
to one side of the case, can be constructed from metal strip.
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can be fitted in this space,
with care in layout, if the
constructor prefers not
to make small aluminum
containers to house them
on the outside of the case.
The chassis is laid out
to utilize the space to the
greatest advantage by locating the parts to obtain
the shortest connections.
The tuning condensers,
coils, socket and other
parts are mounted to the
sub-chassis, then this assembly is mounted to
the side panel and is
ready for wiring. Wiring
from the oscillator and
antenna trimmers, and
from the band-switch to
Fig. 2111
Circuit diagram of the 28-56·Mc. mobile converter.
the 5- and lO-meter coils,
R6 -1000 ohms, M·watt.
C. - 5-15.""fd. variable; ganged units
(Sickles Type R trimmers).
L. - 10 turns No. 18 tinned copper,
will pass under the tube,
C. - 30'.a~d. trimmers (air type for
diameter % inch, length !Ill
but because the wiring is
oscillator coils, mica compres·
inch.
sion type for antenna coils).
to 4. turns No. 18 tinned copper, done more easily with the
Ca - l00.""fd. midget mica.
diameter M inch, length !Ill tube out of the socket it
C. - O.OI."fd. paper (small size).
inch.
is well to remember this
C5 - O.I.~d. papcr.
T.
lS00.kc. i.f. transformer witb
Cft - 30.""fd. low-drift mica (in i.f.
15.turn output coil wound and allow for extra length
unit).
close to primary.
in the leads. Grounds in
C1 - 0.OO2."fd. midget mica.
N
Midget neon lamps.
the oscillator section are
R. - 0.1 megobm, %.watt.
P - Pilot light.
made at the socket,
R. - 300 obms, 7\i.watt.
RFC
5·meter choke (Sickles).
when possible, and in
Rs - 50,000 ohms, %.watt.
SI - D.p.d.t. toggle switeb.
Rt - 30,000 ohms, 7\i.watt.
S. - 4-pole double.throw wafer switcb
the antenna section to a
R5 - 25,000 ohms, I.watt.
(Yaxley 3100).
central point at the control-shaft end of the
one 3 by 4 side. The chassis, with band-switch, ganged condenser.
The Lf. transformer could be solenoidoscillator, and antenna trimmers, is mounted
on one of the 4 by 5 sides. To the other side is wound, but a 1500-kc. unit can be purchased
attached the fixture used to mount the unit for a nominal sum and will be considerably
to the steering post or instrument panel. The more compact.
A three-prong shielded plug and socket
other 3 by 4 side is utilized for the U. transformer, the power cable, the antenna input CAmphenol) are used to pick up power from
and output, and the double-pole
double·throw switch for cutting out
the converter to permit broadcast
reception on the car radio.
The chassis is of 7l6-inch aluminum, 2% by 4 inches, with side lips
bent as shown in the photographs.
A 2%" by 3-inch aluminum plate is
mounted vertically an inch from
one end; and an L-shaped bracket
is fastened to the chassis and plate
as shown in one view. This assembly
is attached to the side panel so as
to clear the box flanges, and as near
the front as possible. This will provide room between the chassis and
the rear of the box for all necessary
wiring to the socket, power cable,

neon tubes, and other parts. The

Fig. 2112 - A glimpse inside tbe case of the mobile converter,
from the mounting side. The two coil sets are mounted inside an L.

Lf. transformer and antenna switch shaped bracket. Tbe tuning condensers are visible bebind the coils.
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be operated in the oscillating condition for the
reception of c.w. signals, or just below oscilla.tion for 'phone reception of weak signals when
maximum amplification is needed.
The receiver is constructed on a chassis
measuring 8~ inches deep by 12 inches long
by 2 inches high. Sufficient depth for ganging
r.f., detector and oscillator condensers without
cramping the components is provided. Ad&quate separation between these stages eliminates any possibility of undesirable coupling or
interaction.
The most important details of construction
pertain to the assembly and wiring of the highfrequency stages. Parts are arranged to permit
extremely short r.r. leads and direct by-passing of all r.f. circuits. This is accomplished by
mounting the acorn sockets on vertical aluminum partitions. At the front of the chassis, at
the right-hand end, are the oscillator stage and
its component parts. The 955 tube is mounted
on a vertical partition 2%: inches high by 2)4
inches wide. The socket is arranged with the
cathode terminal facing towards the upper
right corner of the partition, making a short
and direct lead for the tap on the coil, and
placing the grid terminal in a position which
will allow a short and direct connection to the
grid end of the oscillator coil through the 100p.p.fd. grid condenser. The midget air oscillator

padding condenser and oscillator coil are
mounted directly on the oscillator tuning
condenser.
Directly behind the oscillator stage is the
first detector. This complete assembly is
made up on a 4-inch wide by 2%;-inch high
aluminum partition. The 954 acorn tube is
mounted to the left of the tuning condenser
with its plate terminal protruding through a
)4-inch hole for short direct connection to the
coupling condenser from the plate of the r.f.
stage. This aluminum partition, in addition to
offering support for all the component parts of
the detector stage, also provides adequate
shielding between stages. In the case of the d.
stage, only the tuning condenser is mounted
on the aluminum upright. This upright is 2%;
inches high by 2)4 inches wide, and likewise
shields the rJ. coil and tuning condenser from
the detector stage. The 1851 tube is mounted
directly to the left of this assembly, making a
short grid lead to the coil.
Initial adjustments, after construction is
completed, are made as follows: The iJ. transformers are adjusted to 1600 kc. Then with
tuning condensers set at half capacity, the
oscillator padding condenser is adjusted until a
signal of approximately 58 Me. is heard. A test
oscillator is helpful, although a signal from the
transmitter can be used, or perhaps some local

Fig. 2715

CI, C2 - 10';<l'fd. (Cardwell ZR.10.
AS).
Ca -15.I';<fd. (Cardwell ZR·15.AS).
C" Cs - 3-35·;<;<fd. (Isolantite)
padden.
Cp
50.;<;<fd. air padder (Ham.
marlund APC.50).
Co, Cr, CD, CIa - O.OI.;<fd., 400.
volt tuhular.
.
Ca, C19, C23 -loo';<l'fd. mIdget
mica.
Cu, Cu - 0.05.;<fd., 400.volt tuhu·
lar.
CIS, C!3, Cl5, C!G - O.I.;<fd., 400.
volt tubular.
Cn
O.02·;<fd., 4oo.volt tubular.

Cta -lO·lIfd., 25.volt tubular.
C20 - O.OOI.;<fd. midget mica.

56·Mc. superhet circuit diagram.
C21 - 0.002·;<fd., 400.volt tuhular.
LI
8 turns No. 14, ~" diameter,
RI -ISO ohms, M.watt.
winding length 1~".
fu - 60,000 ohms, ~.watt.
La
9 turns No. 14, ~" diameter,
fu - 1 meg., ~.watt.
winding length 1!0.i".
R" RIO - 2000 ohms, ~.watt.
La - 4 turns No. 14, !0.i" diameter,
R14 R12, RIG -100,000 ohme, ~.
winding length ~" (cath.
watt.
ode tap ~ turn from ground
Ro - 2000 ohms, ~.watt.
end).
1A - 30 turns No. 24, cl08ewOund
Rr -300 ohms, M.watt.
on !0.i" form.
Rs _ 50,ooO-ohm potentiometer.
L5 -I080.henry plate impedance
R9, R17
50,000 ohms• .li~watt.
(Thordarson T .29C27).
Ru -lOoo-ohm potentiometer.
RFC-2%.mh. r.f. choke (Na.
R,a - 250,000 ohms, ~.watt.
tional RlOO).
RI' -25,000 ohms, ~.watt.
TI - 16oo·kc. iron core i.f. (Meiss.
Rll5 - 450 ohms, IO·watt.
ner No. 16--8091).

Rt8 - 500,000 ohms, Y2.watt.
R!o - 5 meg.,

~.watt.

T~

-1600·kc. iron core iJ. (Meiss.
ner No. 16-8099).
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58-Mc. signal can be heard. If coils are made in
accordance with specifications, the oscillator
padding condenser will fall at a point slightly
less than half meshed. The d. coupling condenser is then adjusted and the d. and detector coils pruned for maximum signal strength.
The coils are pruned by compressing or expanding turns slightly, and when adjusted for
the middle of the band will track sufficiently
well over the entire band. The antenna trimmer condenser is also adjusted for best sensitivity with the particular antenna with which
the set is used.
Any well-filtered power supply delivering
approximately 250 volts at 70 rna. will be
satisfactory. (Bib. 3.)
• SUPERREGENERATIVE RECEIVERS
As mentioned before, superregenerative receivers are widely used on the u.h.f. bands
that do not have rigid stability requirements
and where the need for selectivity is not too
great. They are capable of excellent performance and, when properly adj usted, have decided
noise-discriminating properties and a.v.c. action.
The 8uperregenerative receiver is tuned in
a similar manner to the regular regenerative
receiver when used on 'phone. The regeneration
control is advanced until a hiss is heard and the
signal can then be tuned in. It will be found
that the hiss will disappear to a greater or lesser
degree, depending upon the strength of the
signal. The most sensitive condition for the
superregenerative receiver is at the point
where the hiss first becomes marked - the
receiver will not be in its most sensitive condition with the hiss going full blast.

Fig. 2717 - A lIZ-Me. receiver using lA-volt tubes,
mouuted in a 5- by 4- by 3-inch can. Tbe tuning knob,
phone jaek and battery switch are seen on the front
panel- the binding post on top takes the antenna.
Note the C hattery mounted in the can.

If the receiver does not hiss evenly over the
entire band, it indicates that insufficient feedback is present or that the antenna is coupled
too tightly. The tuning range of the receiver
is adjusted as in the case of the regenerative
receiver, by adjusting the inductance until the
center of the band comes at the center of the
tuning range. If not enough bandspread is
. obtained, a smaller tuning
,..,---._--r-:--:----------:--:--:-.,.----:-E;'""---, condenser should be used.
No trouble should be encountered in adjusting a
superregenerativereceiver using a separate quench oscillator, providing the quench
oscillator oscillates and the
detector can also be made to
oscillate. The self-squegging
type of superregenerative detector will require some critical adjustment of grid-leak
value and feedback before it
is operating smoothly. If
trouble is experienced with
making the detector oscillate,
the wiring should be checked
to assure that no long leads
are present which introduce
too much reactance into the
circuits at the wrong points.
On the ultra-high frequencies,
Fig. 2716 - PIau view of the 56-Me. superhet. The r.f. section, at right, is
separated from the i.f. amplifier, second detector and audio amplifier. The a short length of wire can have
appreciable inductance and
acorn mixer and oscillator tubes are monnted on aluminum partitions.
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may act as a choke coil. Ground returns through by-pass condensers
should be kept short and preferably
should be brought to one point on
the chassis.
A Compact JJ:J-Mc. Receiver
The receiver shown in Figs. 2717,
2719 and 2720 is a small self-quenched
unit designed primarily for portable
work, although it will perform as well
as any other similar receiver in home
operation. It uses the 1.4-volt loktal
tubes, a ILE3 detector and a lLA4
audio amplifier. A 3 by 4 by 5-inch
metal box (Par-metal MC-453) is
used to house the receiver, and the
tube sockets, tuning condenser and
audio transformer are mounted on a
3 by 4-inch sub-chassis mounted in

Fig. 2719 - A dose-up view of the chassis removed from the box.
Note that one mounting bracket (in back of the transformer) is
mounted above the chassis, while the front bracket is mounted below. A nut soldered to the antenna coupling condenser makes eonnection to the antenna post wire a simple matter after assembly.

Antenna.

Ie

1

tl.5V +90V

Fig. 2718 - Circuit diagram of the 112-Mc. battery
receiver.
Cl
3-IS-ppfd. mica compression trimmer (National
M-30 with top plate trimmed).
C2
S-ppfd. midget variable (National UM-IS with
two rotor and two stator plates removed).
Ca - SO-ppfd. mica.
O.OOl-pfd. mica and SOO-ppfd. mica in parallel.
See text.
Tl - Audioeoupling transformer (Thordarson T13A34).
Rl - S megohms. :l1J-watt.
Sw - S.p.s.t. toggle.
C - 4:l1J-volt C battery (Burgess A3BPX).
Ll - 5 turns No. 14 enam. :l1J.inch diam. and spaced to
occupy :l1J.inch winding length.
RFC
20 turns No. 24 enam. closewound, J1i.inch
diam. or Ohmite Z-l.

e. -

the box by two strips of %-inch angle brass.
It will be noted from Figs. 2719 and 2720 that
the brackets are mounted on opposite faces of
the sub-chassis. This allows the sub-chassis to
be placed inside the box and rotated into place,
a maneuver that would be impossible if both
brackets were mounted on the same side.
A low-loss bakelite socket is used for the detector tube and an ordinary bakelite loktal
socket is used for the audio amplifier. Both
sockets are ring-mounting (Amphenol). The
mounting of the tuning condenser is a bit unconventional in that 8 slot is cut in the subchassis that will just pass the Isolantite end

plate of the tuning condenser, and the bracket
that mounts the condenser is mounted on the
opposite side of the sub-chassis from the tuning condenser proper. This is the only way this
tuning condenser and combination of tubes
can be placed in the small space. The inductance, Lh is soldered directly to the terminals
of the tuning condenser, as is the antenna coupling condenser, CI • To facilitate connecting
CI to the antenna post after the unit has been
assembled in the box, a nut is soldered to the
antenna side of CI, thus permitting a lug from
the antenna post to be fastened conveniently.
The A and B batteries are carried outside
the receiver, but the C battery is mounted
inside the box. It is held in place by a small
brass bracket screwed to the box and holding
the positive terminal of the battery.
Putting the receiver in operation is similar
to any self-quenched superregenerative receiver. The receiver should first be checked

Fig. 2720 - A view of the other side of the chassis
shows the position of the tube sockets and the mounting
detail of the tuning condenser.
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Fig. 2721
Circuit of an "Acom" receiver.
Ll - }'ive turna of No. 14 wire )i.inch inside diameter
with turna spaced diameter of wire, for 224
Me. Five similar toms ~.mch diameter for
112 Me.
Cl - Cardwell Type ZR 15AS condenser - Special
split.stator tuning condenser - two rotor and
one stator plate - the latter sawed in two.
C:! - 50 I'l4fd. midget condenser.
Cs Bra88 strip 3/16 inch wide mounted close to thq
exposed surface of Ct.
C4 - 0.002 I4fd. fixed condenser.
Cs -10 I4fd. electrolytic condenser.
C. -1 I'fd.
Rl - 5 to 10 megohme.
R2 -1200 ohm, one-watt resistor.
Ra
100,000 ohm potentiometer. Note that this
resistor is a _ plate supply and that, if
batteries are used, the supply should therefore be disconnected when switching off set.
A 41 tube is used as the audio amplifier and allows
speaker operation. A transformer or choke-condcuser
coupling unit must be used with this tube. For headphone work, a 37 tube would be more appropriate.
Quieter operation may sometimes be obtained by
putting 0.5 megohm across the transformer secondary.

A few trial connections will indica.te the best
positions.
When the receiver is squegging properly, the
antenna can be connected and the coupling
condenser Cl adjusted. It will probably be
found that the maximum amount of antenna
can only be used with the condenser set at the
minimum capacity position. In any event, use
as much antenna as is possible with smooth
operation. The receiver should give a smooth
hiss over the band and not a rough sound when
working correctly.
The power needed is simply a 17\i-volt dry
cell and 90 volts of B battery. These batteries
are carried externally and can be placed in a
small box for convenience.
A Self-Quenched Acorn-Tube Receiver
In Fig. 2721 is a somewhat similar type of
circuit except in the type of detector tube used.

with the antenna disconnected and, if it
doesn't squegg over the proper range, the values of Rl and C4 should be varied. It was
found in this particular set that two condensers in parallel were needed at C4 - a. O.OOl-~d.
one that was grounded at the front of the subchassis and 500-""fd. one that was grounded at
a lug under one side of the audio transformer.

6CS

QUENCHOSC.

ell

9]t~

6.aVo
-zsov+
Fig. 2723 - P1ug.in coil receiver circuit.
Cl - 30·l'l4fd. isolantite-insulated trimmer.
C2 - 2-plate midget variable (National UM-15 with
all but two plates removed).
Cs -100-I'I4fd. mica.
Rl - 5 megohms, ~-watt.
C4, c.s - O.OI-l4fd. paper. R2 - SOO,OOO-ohm variable.
ell, C7 - O.002.l4fd. mica. Ra - 2000 ohms, ~.watt.
Cs, Co - 0.001.14fd. mica. fu - 50,000 ohms, ~-watt.
ClO - 0.5-l4fd. paper.
14 - 50,OOO-ohm variable.
Ra-l0,OOO ohms, I-watt.
CII -O.I-l4fd. paper.
LI - 56 Mo.: 12 tums No. 14, length l~ inches,
diameter ~ inch.
112 Me.:' tum. No.1', length '" inch, diameter

Fig. 2722
A three.band plug.in coil separately
quenched 8uperregeoerative reeeiver.
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224 Me.: 1 tum No. 14, diameter ~ inch.
All diametel'1lare outside; aU coil. tapped at center.
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In this case the acorn detector, because of its
extremely small elements and short leads,
allows operation on frequencies as high as 300
Mc. This receiver is therefore a particularly
useful one in cases where experiment is to be
conducted on the bands higher in frequency
than 112 Me. The circuit itself is quite similar
to that of Fig. 2718 except in minor details.
The grid resistor is again connected to the coil
carrying high voltage but in some instances it
is preferable to run it in the conventional
manner between the grid and cathode. The
other important difference in this circuit is that
the tuning condenser is of the split-stator type.
By splitting the stator plates of the small tuning condenser used, the path through the
condenser is reduced in length and extremely
short connections between the coil and condenser are made possible. The suggested sizes
for coils for the two bands are, of course,
approximate only. Slight variation of the
length of the leads within the tuned circuit
will result in modification of the coils. Fortunately, small variations of the inductance can
be made readily by spacing the turns until the
desired tuning range is obtained.
A Three-Band SuperreAenerative Receiver

with Separate Quench Tube

As the circuit (Fig. 2723) shows, the receiver
employs three tubes. A Type HY·615 high·
frequency triode is used as the detector, and
605 triodes are found in both the quench and
audio stages. The Bet may be considered to be a
"general purpose" unit, since it may be operated from battery power, as well as the usual

Fig. 2724 - Top flew of the plug.in coil receiver
with a 56.Mc. coil in place. Notice the closely grouped
components of the detector circuit. The quench coil is
lit the left ~lIr I)orner with the quench tube just to the
right.

Fig. 2725 - Bottom view of the plug-in coil receiver.
Parts are arranged for the prime purpose of obtaining
short ground connections.

power pack, is compact and portable, and the
plug-in coils permit instantaneous operation
on any of the two ultra-high-frequency bands.
The top view, Fig. 2724, shows the compactness of the detector circuit layout. This portion of the circuit is arranged as shown on the
6 by 4}1i by 2-inch aluminum base. The parts
line-up across the panel side of the chassis is as
follows: At the left, supported by a small standoff insulator, is the antenna coupling condenser,
CI• To the right of CI is the detector circuit
consisting of the tuning condenser, C2, the
plug-in-coil assembly and the detector tube.
The audio tube is at the right. Across the back
from right to left are the quench-coil unit. the
quench tube and the audio transformer.
The coil-socket is mounted on pillars between the condenser and the tube, high enough
so tha(its prongs are in line with the tube caps
and the condenser lugs. Of the three prongs
forming a small triangle at the center of the
socket, the two along the side face the condenser and the single prong faces the tube.
The single prong is the terminal to which the
quench lead and coil tap are connected. A
fourth prong, located at the panel end of the
form, is connected to the grid side of C2. The
antenna-coupling condenser is connected to
this point.
The opposite view, Fig. 2725, shows the
placement of the by-pass condensers, resistors,
switch and headphone jack, and the potentiometers. By-passing must be as direct as possible and preferably to not more than one or
two points. The plate and filament voltage
cable enters the chassis through a hole in the
rear wall.
In the panel view, Fig. 2722, the tuning dial
is at the left with the jack and switch just
below. The small dial at the bottom right edge
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is on the volume control and the adjacent one
on the regeneration control. The panel measures 572 by 7 inches.
Construction of the coils is quite simple, as
indicated by Fig. 2724. Each is soldered directly to the appropriate lugs on the form. The
position of the tap is not particularly critical;
tapping at approximately the center of the coil
should be sufficient. Each coil covers slightly
more than the intended band, with the band
itself spread over approximately 75 divisions
of the dial. Data on a 56-Mc. coil is also
included.
The total current drain of the receiver is 18
milliamperes, 5 mo.. each for the detector and
quench tubes and 8 for the audio stage.
The antenna loading is not too critical; almost any length of wire can be coupled to the
detector, through 01> without overloading the
circuit. Of course the capacity of 01 must be
varied to suit the particular band.
Superregenerative Receivers with R.F.
Amplifiers
One important disadvantage of the simple
superregenerative receivers just described is
that they are capable of strong radiation. Also,
as we have already stated, they are extremely
unselective. Prevention of radiation and some
improvement in selectivity is made possible
by adding an r.f. amplifier stage ahead of the
superregenerative detector. Fig. 2726 illustrates various methods of coupling the r.f.
stage to the detector. All of them have been
shown to be effective in practice but each has
its particular points of merit. The circuit shown
at "A" will be recognized as an example of
conventional transformer coupling with normal wiring of the r.f. amplifier itself. The best
number of turns for La will usually be just
R.~AMP.

DET.

A

B

c

""
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slightly less than tha.t used in L4, but this d~
pends upon the order of coupling between the
two coils and the order of freedom with which
the detector superregenerates. One of the difficulties in this arrangement is in providing a
suitable mechanical arrangement for mounting
the coils. L. may be wound on a form of some
good insulating material with the turns of La
occupying the spaces between the turns of L.
but many workers prefer to avoid any dielectric
in the field of u.h.f. coils. Then, Ls may be
wound on a slightly smaller form pushed inside
the turns of L.. One effective alternative
scheme is to make La of about 30 gauge d.s.c.
wire with the turns cemented to the turns of
L. with Duco cement or its equivalent. Yet
another method is to make Ls a self-supporting
coil of No. 18 wire of a diameter just sufficient
to slide inside Lt. In this case, La might well be
mounted from small stand-off insulators.
The arrangement shown at .. B" in Fig.
2726 is particularly suitable in receivers having the high voltage applied to the detector
coil as in Figs. 2721 and 2723. The plate lead
is merely tapped near the grid end of the detector coil with no other modification to the
detector circuit.
Circuit "0" in the same illustration is a
general-purpose affair suited for almost any
receiver. In this arrangement the plate voltage
is applied to the r.f. tube plate through a good
u.h.f. choke, a coupling condenser of 5 to 15
I'l'fd. then being connected between the r.f.
plate and the grid end of the detector coil.
Coupling is varied by changing the capacity
of O.
In all of the circuits the most important
adjustment is the order of coupling between
the d. tube and the detector. The Buperregenerative detector is extremely sensitive to
changes of the load on its grid circuit
and usually operates most effectively
when heavily loaded. On the other
hand, tight coupling and the conseFig. 2726 - Three effective methods of ooupling an
R.F. amplifier to the superregenerative detector. Assuming that the r.f. amplifier is a 954 aoom, suitable
values for the varions components marked will he:
Rl -1500-ohm half-watt.
R: -IOO.OOO-ohm half.watt.
Cl, C: -15 l',Jd. Some difficulty may he had in mak.
ing the two condensers "track" if a oonventional
tube is nsed as a detector. If single dial opera tion
is essential. Cl may he loaded with a 15.p,Jd.
trimmer in parallel to provide the equivalent
of the higher tube eapacity across 14. A separate
con trol Cor Cl or a parallel trimmer condenser
available for control from the front panel is very
desirable.
Lt will be ~actly similar to 14 - the ueual detector
grid coil. Ll should comply with the specifications
given Cor the uaual antenna coil. Since variation of its
coupling will have relatively little effect on the regeneration in the detector it may usually be operated
closer to the llrid coil than would be possible in the
receiver lacking an r.f. stage.
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quent heavy loading of the detector will not
allow the maximum possible d. selectivity.
The coupling adjustment should therefore be
varied to give the desired optimum performance considering both selectivity and sensitivity.
Suitable Tubes for R.F. Amplifiers

The types 954 and 956 acorn pentodes are,
without the slightest doubt, the most effective
d. amplifiers for 112 Me. and above. They are,
indeed, so far superior to the conventional glass
or metal tubes that the serious u.h.f. worker
is rarely inclined even to consider using anything else. Even on 56 Me. the 954 and 956 are
incomparably superior to the normal screengrid pentode, although the special types 1852

and 1853 are quite effective at this frequency.
-In general it will be found that quite simple
shielding will serve to prevent oscillation,
providing the by-passing has been done carefully. A simple baffle is probably the most
practical arrangement for the acorn - the
tube socket being mounted on the baffle or
partition and the tube grid protruding through
a small hole in the metal. The most satisfactory
socket available for this type of amplifier is
the National Type XMA metal socket. Excellent by-passing is possible with this particular design.
BibIio/iraphy
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for the U.H.F.
Crystal-Controlled and Self-Excited Transmitters - Transceivers and Transmitter-Receivers for Portable/Mobile Work
ALTHOUGH most of the
transmitters described in
Chapter Ten can be used on
the 28-Mc. band, the long
leads and high minimum capacities of the tuning condensers make it desirable to
design special equipment for
the 56-Me. band. Further,
the excitation requirements
for the same tubes are usually
greater on 28 and 56 Me.,
and exciter units designed
for these ranges should be
used. The general practice
is, however, exactly the same,
except that particular care
must be taken in the layout
of components (for short,
direct leads) and in the selection of tubes. It is well to
work with tubes designed for
the higher frequencies.
This chapter will describe
several different complete
transmitters designed for the
Fi/!,.2802
The top view of the 28. and 56·Me. exciter. Thc oscillator plate
28- and 56-Mc. range, vary- coil is supported by the base of!, I.inch coil form; the winding portion of the
ing in power output from a form has been cut away Hush WIth the base.
few watts (for mobile work) to several hundred. one of these as the exciter unit to drive a
Higher-powered transmitters can be built using higher-powered final amplifier built with the
same design considerations.
These transmitters are designed
primarily for amplitude modulation
and c.w. transmitters using f.m. for
the 56- and 112-Mc. bands will be
found in Chapter Twenty-Nine.

A Medium-Power Exciter for 10
and 5 Meters
The photographs of Figs. 2801, 2802
and 2804 show views of an exciter capable of delivering approximately 50
watts output. Referring to Fig. 2803,
Fig. 2801
A panel view of the medium.
power exciter. Dials for the 6L6. 807 and
HK-54. plate tuning condenser!! and the
swinging link run from left to right. respec·
tively. The meter-switcb knob is at the lower
left edge of the panel, and the filament pilot
light jack is on the same line and to the right.
The panel measures 10711 by 19 inches.
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a 6L6 Tri-tet oscillator using a 7-Mc. crystal
quadruples to 28 Me. The 807 intermediate amplifier drives the HK-54 as a straight-through
amplifier at 28 Me. or as a doubler to 56 Me.
Fig. 2801 shows the unit built on a 10 by 17
by 3-inch chassis. The plate tuning condensers
are mounted above the base and the cathode
tuning condenser is mounted on the chassis
wall as may be seen in Fig. 2804. ~ and L3 are
equipped with plug-in bases in order that operation with 14- and 28-Mc. crystals may be
tried if desired. La is supported above C3 by a
small bracket and a metal pillar; the bracket
runs between the condenser shaft and the front
end of the coil socket, and the pillar elevates
the rear end of the socket. The 807 plate lead is
connected two turns down from the hot end of
the coil. This allows the plate lead to be short
and helps to prevent the double-resonance
effect frequently encountered with circuits
employing beam-power tubes. The final amplifier tank circuit uses a swinging-link assembly
for output coupling. Input and output termi-

na.ls are mounted on the rear wall of the chassis.
The jacks at the right and left ends are for the
input and output connections; an input jack
was included so that the output of a frequency·
modulator unit can be fed into the Tri-tet
oscillator if desired. Two terminals are provided for the positive plate-voltage leads and
the bias, key and negative-voltage leads are
brought to a four-terminal connector strip.
Fig. 2804 shows a meter switch installed so
that plate and grid current readings can be
made with the same meter. The HK-54 plate
circuit is not included in this arrangement because the amount of power supplied to this
stage makes it desirable that a separate meter
be used. The filament transformers may be
seen at the rear of the chassis and the cathode
coil, Lh is shown mounted on the cathode
condenser lugs. A jack for the filament pilot
bulb is fastened to the front wall of the chassis.
A 600-volt power supply delivering 200-ma.
should be used for the 6L6 and 807 stages and a
lOOO-volt 200-ma. supply is needed for the

Fig. 2803 - Wiring diagram of the 6L6-807.HK.54 exciter.
CI - 35·120·l'l'fd. padder condenser
Cg, CIO - 0.002.J<fd. mica.
Rs - 25,000 ohms, 25.watt.
(Meissner 22.7027).
Cll-C17 - O.OI.J<fd., 600.volt paper.
Rg, RIO, Rn. R12 - 25 ohms, }1.
C2 - 35·I'J<fd. midget variable(Card.
CIS - Neutralizing condensers (Na·
watt.
tional NC-800).
R.F.C.I
R.f. choke, 2.5 mho (Na.
well ZR·35·AS).
Cs - 30·I'J<fd. midget variable(Card· Rl - 20,000 ohms, l.watt.
tional R.loo).
well ZT .50.AS).
R2 - 200 ohms, I·watt.
Tl - 6.3 V.• 2 Amps. (Thordarson
C. - 35'l'l'fd. each section dual fu - 25.000 ohms, 50.watt.
T.I9FSI).
transmitting
condenser
R. - 25,000 ohms, l.watt.
T2 - 5 V., 5 Amps. (Thordar80n
fu - 20,000 ohms, 10.watt.
T.19FS3).
(Millen 13035).
C6, Ce. C7 -0.0005.J<fd. mica.
R6
30,000 ohms, IO.watt.
R.F.C.2 - R.F.C. 4 V.h.f. r.f.
Cs - 0.002·l'fd., 25oo.volt mica.
R7 - 3,000 ohms. 25.watt.
chokes (Ohmite Z.l).
LI -11 turns No. 18 enam. spaced to occupy 1.inch
each side c.t. with turns separated }1.inch. 2.
length, %;.inch diam.
inch diameter. 1}1.inch space between windings.
14 - 5 turns No. 14 spaced to occupy }1.oinch length,
I.inch diameter.
* Mounted on Millen No. 40205 midget plug; plug
·La -10 turns No. 12 spaeed to occupy I%;.ineh usee No. 41205 socket.
length. I.lnch diameter.
t Mounted on Barker and Williamson TV base as.
tL. - 28 Me.: 8 turns of ",.inch copper tube; 4 turns sembly. The assembly is complete with the swinging
eaeh side c.t. with turns
diam. of link and a socket for the coils. Coil. nse B & W T plug
tubing, 2~.inch diameter.
space be.
bar No. A62.

tween windings for swinging

injection.

56 Mc.: 4 turns of ",.inch copper tube. 2 turns

Output link consists of three tUniS No. 14 enam.,

turns separated diam. wire, 2 }1.inch diam.

CHAPTER TWENTY-EIGHT

381

The Radio Amateur's Handbook
Fig. 2804 - A bottom view of
the 6L6·807.HK.54 exciter. The
inductance of the cathode coil,
shown at the right, plays an importan t part in the oscillator performance. The coil should be carefully
pruned for low-crystal current
and satisfactory plate circuit
output. Crystal current may be
checked with the aid of the 60 mao
pilot bulb shown connected in
series with the crystal; proper
plate circuit output will be indio
cated by suitable readings of the
807 grid current. The a.c. line
cord for the filament transform.
ers runs straight out of the top
of tbe cbassis.

HK-54. The 807 requires 90 volts of fixed bias
to insure that trouble with oscillation will not
occur. The final should have 45 volts of fixed
grid bias applied to prevent damage to the tube
should excitation fail. Resistors R3 and R7
should be adjusted to reduce the 600-volt
supply output to values suitable for the 6L6
screen grid and plate; the screen grid requires
200 volts, and 400 volts should be applied to
the plate. When operated under these conditions the osciilator will draw between 90 and
100 mao plate current, the 807 grid current will
be 1 to 1.5 ma., and the plate will draw from
50 to 60 mao The grid current to the HK-54
will be 20 to 25 ma., and the plate current can
be as high as 100 ma., loaded. Approximately
50 watts output may be expected at 56 Me.,
and slightly more on 28 Mc.
A power amplifier or low-impedance antenna
feed line may be connected directly to the
swinging link output terminals. The unit
should be link coupled to an antenna tuner if
the antenna uses tuned feeders or a highimpedance flat line.

rating of 450 watts. It is intended that the
amplifier will be driven by an exciter similar to
the one shown in Figs. 2801-2804.
The circuit diagram of the amplifier is given
in Fig. 2806. It is recognized as a standard arrangement with the exception of two features;
the rotor plates of the plate tuning condenser
are not grounded and the usual plate circuit
r.f. choke is omitted. It was found that grounding of the rotor plates presented no particular
advantage as far as circuit balance or efficiency
was concerned. However, the absence of a
ground connection does remove the voltage
potential across the condenser plates and it is
therefore possible to use a condenser with
smaller spacing between plates than ordinarily required. The r.f. choke was omitted
because it tended to encourage parasitic oscillations.
Fig. 2807 shows how the parts are laid out on
a 10- by 17- by 3-inch chassis. The grid coil is
visible at the right end of the chassis and the
plate coil is to the extreme left. In between,
the tubes and the plate and neutralizing con-

A Medium-Power Push-Pull
Amplifier

The push-pull amplifier shown in
Figs. 2805, 2807 and 2808 can be plate
modulated at both 28 and 56 Me. The
d.c. plate input can be as high as 300
watts (roughly 1250 volts at 250 ma.)
at 28 Me., and 200 watts at 56 Mc.
(1000 volts at 200 ma.). During periods of c. W. operation it is permissible
to run the tubes up to the full ICAS
Fig. 2805 - A front view of the medium·
power pnsh.pull amplifier. The large dials
at the center aDd right are mouuted on the
plate tuniug condenser and swinging-link
shafts. The filament pilot light is at the left
with the gridoOOndenser knob below.
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Fig. 2806 - Circuit diagram of the
medium-power push-pull amplifier.
1oo-l'l'fd. each section dual
CI
(Hammarlund HFBD-1oo-

C).

C2 - 35-l'l'fd. each section dual
transmitting condenser (Millen 13035).
C3, C.
Neutralizing condensers
(National NC-llOO).
Cs, C6 - 0.005-l'fd. midget mica.
RI
1500 ohms, 10-watt.
TI
6.3 volts, 10-amp. (Thordarson
T-19F99).
Ll - 28 Me: 4 turns No. 12, 1J,i -inch
long, 2.inch diam. (Barker
and Williamson 10BL with
4 turns removed).
56 Me: 2 turns No. 12, ~-inch
long, l.inch diam. (Mounted
on Barker and Williamson
B-Plug Bar No. A64).
I,2 - 28 Me: 6 turns ".·inch oop~er
tubing; 3%:·inch long, 2%.

P'

-H,V.

inch diam. Coil is made in 2
sections each section having
3 turns; IJ1-inch space hetween sections (Barker and
Williamson IOTVL).
56 Me: 2 turns ".inch copper
tubing, }i-inch long, H'2-inch

densers are located to allow the shortest leads.
The tube sockets should be mounted above the
base as shown. Input and output jack strips
may be seen at the right and left ends of the
rear chassis wall. A high-voltage safety
terminal is mounted for the d.c. input lead and
the negative lead goes to the two-Bcrew
terminal strip at the center; the positive bias
lead is brought to this strip also. The cord
emerging at the right is the 1l0-voit line cord
for the filament transformer.
Operation and adjustment of the amplifier
are conventional. The only feature· which
might be confusing to an operator is that the
circuit needs re-neutralizing when changing
from one band to the other. This
is apparently caused by some transittime phenomena occurring in the
tubes because of the high-frequency
operation. A 45- or 90-volt fixed bias
supply should be used in series with
the grid leak during c.w. operation.
The maximum grid-current rating of
50 mao can be attained with the recommended grid resistor and 45 volts
of fixed bias. If the fixed voltage is
increased it is wise to lower the leak
resistance. Fixed bias need not be
employed for phone work.
A lOO-watt modulator will supply
sufficient audio for 56-Mc. operation
with the amplifier running at the recommended 200-watts input. The modulator should be capable of delivering
150-watts output if the amplifier is set
up as a aDO-watt unit at 28 Mc. A lowimpedance feed line may be connected
directly to the output link or a highimpedance antenna can be coupled
in by using an appropriate antenna

tuner link-coupled to the final.

HLV.

diam. (Mounted on Barker
and WilliamBon T .Plug Bar
No. A62).
Swinging Link - 3 turns No. 14,
spaced diam. wire, 2M·inch
diam. (Barker and William.
son TV BaBe Assembly).

• A COMPACT 5· AND 10-METER
TRANSMITTER
A small crystal-controlled transmitter capable of operation on either 28 or 56 Mc. is
shown in Figs. 2809, 2810 and 2812. Because
.of its small size and power requirements (aDO
volts at 100 ma.) it is particularly adaptable
to 56-Me. mobile work, operating nicely from a
small vibrator pack. As can be seen from the
wiring diagram in Fig. 2811, one half of a 6E6
double triode is used as a crystal oscillator on
28 Mc. to drive the other half of the 6E6 as a
neutralized amplifier on 28 Mc. or as a frequency-doubler on 56 Me. A single 6F6 is all
that is necessary for the audio end when work-

Fig. 2807 - A rear view photograph of the posh.pull amplifier.
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Fig. 2808 - Tbis bottom view of the

push-pull amplifier shows the placement
of the grid condenser and the lilament
transformer. The grid leak and the lila·
ment by-pa •• condensers are the only
other components helow the chassis.

ing from a single-button carbon microphone.
A meter switch allows metering of the oscillator, amplifier, or combined amplifier and
modulator currents. The on-off switch on the
panel also cuts the microphone current when
the transmitter is not on the air.
The transmitter is housed in a cabinet 8
inches long, 7 inches high and 7 inches deep.
The chassis is 172 inches high but is mounted
slightly higher than this on the panel, to accommodate the parts more readily. Two Hashlight cells mounted under the chassis furnish
current for the microphone. The tuning con-

Fig. 2809 - A compact 5- and lO-meter transmitter
for portable or home use. Meter switeh and on-off switch
at the top of the panel, and tuning condenser controls
at the bottom. To prevent its loss, the linal tank coil not
in UBe is plugged in to a jack On the under side of the
cabiuet top.
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densers are insulated from the
chassis by mounting them with insulating washers on the front panel, and the neutralizing condenser
is insulated by mounting it on
small brass pillars under the chassis. Wiring to the on-off switch,
which is near the final tank coil, is
run through shielding braid, to
minimize r.f. pick-up. The power
leads are brought to a four-prong
male plug at the rear of the set,
and provision for connecting to
a concentric line feeding the antenna is made by bringing the antenna leads
to a suitable connector at the rear of the set.
In operation, the transmitter handles as
does any conventional oscillator-amplifier
combination. After the oscillator has been
made to work - it may be a bit tricky and the
crystal may need cleaning - the amplifier is
neutralized (with the plate current lead
opened) and then the amplifier can be loaded
and the modulation applied. With a 300-volt
supply, the oscillator current and the amplifier
current will each run about 30 rna., the amplifier dipping to from 5 to 20 rna. unloaded.
On 56 Me., the 5-meter final tank coil is
plugged in and the circuit retuned. The dip
will be much less, but the meter will clearly
show the resonance point of the circuit.
A grounded quarter-wave antenna, fed at
the bottom by coaxial cable, will be satisfactory for mobile work, although a half-wave
antenna will give a better signal but complicates feeding .
• A TRANSMITTER FOR MOBILE WORK
A complete 28- and 56-Me. transmitter and
modulator is shown in Figs. 2813 and 2815.
To avoid the use of more than one exciter
stage, and to concentrate as much power as
possible in the final and modulator, a 20-meter
crystal is employed in an 89 Tri-tet circuit. The
89 is not critical as to crystals and provides
more than enough drive even when doubling
in the 807 final, although not quite enough to
permit the use of a 40--meter crystal for 5meter operation.
The 89 doubles to 10 meters, with the 807
working straight through for 10-meter operation and doubling for 5-meter service. Actual
measurements, working the 807 into a noninductive load, show the 5-meter output to be
only 20 per cent less than when working
straight through on 10 meters. The actual
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Fig. 2810 - With the cahinet removed, the placement
of parts of the compact 'phone can he seen. The power
plug and connector for the antenna feed line cahle fit in
clearing holes at the rear of the cabinet.

figures were 15 watts on 10 and 12 watts on 5;
both with 28 watts into the 807.
The antenna matching network arrangement is ideally suited for mobile work, where
antenna and feeder values can be almost
anything - and usually are. Twisted pair.
spaced pair, concentric line or single feeder
this matching network takes them all in
stride. Simply by varying the capacity of Cs.
anything from a few ohms up to several hundred can be accurately matched.
The Class-B modulator using a 6N7 represents an economical arrangement for full
carrier modulation. The input and output
transformers are tapped to provide wide leeway for matching. The 6J5 fully drives the
6N7 when fed from a single-button carbon
mike at normal voice level. Static plate-current drain for the entire audio system is between 35 and 45 ma., depending on voltage.
Peak current is between 50 and 70 mao
All connectioIlB for filament and plate supply, as well as for the microphone and microphone battery, are provided in a single plug
socket mounted on the rear of the chassis.
The transmitter is small enough to mount in a
14- by 8- by 7-inch Par-met cabinet as shown
in the photographs. A meter on the front
panel, with jacks in the oscillator and 807
cathodes and the 807 grid circuit, provide for
all necessary measurements when tuning up
the rig. Filament and plate switches could

Fig. 2811 - The 6E6·6F6 5. and 10-meter ·phone.
Cl - 50·"pfd. midget (Hammarlund HF-50).
C2 - 50-"IAId. each section dual midget (Hammarlund
HFD-50).
Ca -I5'lAl'fd. neutralizing condenser (Hammarlund
HF.I5X).
C4 O.OOOI-lAfd. mica.
C6 - O.OO5-pfd. mica.
Ca - O.005·pfd. mica. Shunted hy IO·"fd. electrolytic if
any frequency.modulation is encountered.
C1 - 0.005."fd. mica or paper. lOOO.volt rating.
C. - 25 lA"fd.• 25.volt electrolytic.
Rio Rs - 4OO-ohm. I-watt.
R2 - 75.000-ohm. I.watt.
R4, R6 - 20.ohm. Y2.watt.
RFC - 2.5 mh. r.f. choke.
SWI - D.p.d.t. toggle switch.
SW2 Four-p08ition three-contact switch.
TI - Single-hutton microphone transformer (Thordarson T..s6A02).
L - 30.henry. 80 rna. choke (Thordarson T -44C02).
LI - 6 turns No_ 12, %.inch diam .• U.;nch long.
u-28 Me.: 12 turns No. 12. ~-inch diam .• spaced

diaID. of wire.

56 Me.: 6 turns No. 12. ~-inch diam•• IYs-inch long.
M-O-IOOma.

Fig. 2812 - The tuning condensers and the neu.
tralizing condenser are mounted underneath the chassis
- see text for details on mounting them.
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fill. Z8J3

The 89 at the right doubles

from a 20'meler er)'stal, driving the 807 as
a doubler on five or straight through on ten.
Th .. 6J5-6N7 Class.B modulator at the left
, ....vides plenty of push from a carbon mike,
.. , ..0 with 30 watts into the 807. (W2JCR,
AU~lIst, 1939, QST.)

have been included in the transmitter but
were omitted in favor of remote switching from
the car dash (or operating table). (Bib. 1.)
• A 56· AND 112·MC. AMPLIFIER
The 56- and 112-Mc. amplifier shown in
Figs. 2816, 2817 and 2819 features the new

815 dual beam-power tube. It requires only about two watts of 56Me. driving power to work well on
E'ither band, and can be satisfactorily
excited by the transmitter shown in
Fig. 2906 or any other exciter deliv·
ering comparable output. For 56-Me.
operation, only the 815 is used, and
on 112 Me. a 705 doubler stage is
automatically cut in.
As can be seen from the wiring diagram in Fig. 2818, there is nothing unconventional about the circuit other than the neutralizingof the beam-power tube and the series-tuned
plate circuit (in effect) of the 705. The former
was found necessary for this particular tube.
and the latter allows considerably more inductance to be used than would be the case

Fig. 2814 -The 89-807 trausmitter circuit.
75'I'~d.

variable (National
UM.75).
C2 - 30'l'l'fd. variable (National
UM·35).
Ca - 50-I'~d. mica.
C.. C. - 0.002·~d. mica, 400·
volt.
C!! - 0.002.~d. mica. lOoo.volt.
Cl

L. - 872 tum. No. 14 enamelled, close-wound, inside
diameter I inch.
La - 8 turns No. 14 enam., double-spaced, inside di.
ameter 1 inch, tapped 272 tum. from plate end.
La - 28 Me.: 12 turns No. 12 enam., inside diameter
1 inch.

386

Cl4
O.OI.~d., 400.volt paper.
RI - 50,000 ohms, l.watt.
R2 -10,000 ohms, I.watt.
Ra, R, - 25,000 ohms, I.watt.
R. - 50,000 ohms, I.watt.
R6
15,000 ohms. 2.watt.
R7 - 0.5.megohm potentiometer.
Rs -1000 ohm&, I.watt.
R, -5000 ohms, I·watt.
56 Me.: 4 turns No. 12 enam., inside diameter I
inch.
T. -Single.button microphone transformer (UTC·S6),
T, - Clap.B input. 6J5 to 6N7 grids (UTC.S8).
T. - Claas.B output. 6N7 to load, tapped (UTC·SI8),
J - Closed eit:euit jack.

C7 - 25'l'l'fd. variable (National
UMA.25).
Cs -loo'l'~d. variable (National
UM·IOO).
C., CIO - O.OI.~d. paper, 6OO.volt.
Cn - lO·~d. 25.volt electrolytic.
Cl2, CIa - 4~d., 450.volt elec·
trolytie.
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concentric shield cans and a coppn
rod, as can be seen from the circuit
diagram in Fig. 2822. Inductive coupling to the grid is obtained by running a wire through the cans parallel
to the copper rod. Power is coupled
out of the circuit by a hairpin loop of
wire running parallel to the rod and
in the plane of a radius. Pushing the
loop farther down in the pot increases
the coupling. A tuning condenser is
connected between plate and ground
to allow the frequency to be set any
place in the H2-Mc. band.
Since the pot is connected directly
to the plate, the whole pot is at the
Fig. 2815
Boltom view of the mohile transmitter. Power, mike d.c. plate voltage above ground, and
and mike hattery connect through plug at the left.
the outer surface of the pot should be
given several coats of clear lacqucr
normally. Five-meter energy from the exciter as a safety measure.
can be plugged in to the coil socket for La
The socket (Amphenol poly~tyrenc) is supwhen 56-Mc. operation is desired; this automatically opens .the heater lead of the 7C5
doubler and renders it inoperative. For 112Mc. work the 5-mcter excitation is plugged
into the socket at the rear of the chassis, allowing energy to reach the grid of the 7C5 and
also turning on its heater. Plug-in coils are
used for the 815 grid and plate circuits and for
the 7C5 plate circuit.
The neutralizing condensers for the 815 consist of small copper tabs, % by ~ inch, soldered
on the ends of stiff wires running up through
the chassis through Millen 32150 bushings and
arranged to be close to the plates of the 815.
Neutralizing is conventional and not at all
critical.
The plate coils for the 815 are mounted on
ceramic plug-in strips and provide swinging
links for variable output coupling. A quarterwavelength line would be more efficient on 112
Mc. than the coil and condenser circuit, and
one could be made similarly to the one shown
in Fig. 2908. The condenser should be disconnected from the plate caps of the tube when
using the linear tank circuit, and the condenser
can be tapped to the lines near their shorted
end to provide some tuning.
The 815 can be run at 60 watts input on
either 56 or 112 Me., at 400 volts on the plate.
At this input it will require a modulator
Fig. 2816 - A 56- and 112·Mc. amplifier using the
capable of 30 watts output to modulate fully
the output. Grid current of 3 to 5 rna. when 815. To insure short leads, the plate condenser is mounted
on a hracket whieh places the condenser just over the
the amplifier is loaded will indicate sufficient tuhe. For symmetry, two straps of copper are bent
drive, and no advantage is obtained by in- around the center of the plate condenser rotor and fastened to the end-plate supports, thus effectively ground.
creasing the excitation.
• A 112-MC. "POT" OSCILLATOR

One method of obtaining higher stability
with a self-excited oscillator is the use of a
"pot" oscillator as shown in Figs. 2820, 2821

a.nd 2823. The tank circuit is made up of two

ing the center of the condenser rotor. The plug-in
socket for the final tank coil is mounted on the condenser
with two small brass hraekets.
Note the neutralizing conden8ert! which are simply
taps of copper soldered to stiff wires which support the
tabs near the plates of the dual tuhe. Adjustment is made
hy moving the tahs nearer or farther away or hy trimming their size - it im't critical.
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Fie. 2817 - Another view of the amplifier
shows the grld collsMelded lrom the ampl:lier
tube. The 112-Mc. grid coil is in the socket.
The chassis measures 5 by 10 hy 3 inches.

ported on top of the can by a U-shaped
bracket of half-inch strap brass which
is held to the can by the same screw
that holds the copper rod. Another
piece of brass sweated to the socket
bracket supports the tuning condenser. The tuning condenser has the shaft
sawed off just past the rotor plates, so
that only one bearing is used, and the
rear stator support is removed by
unsoldering the joints.
A ~ -inch diameter hole drilled %6
inch in from the edge of the outer can
allows the lead from the inner can to
be brought up to the stator of the
tuning condenser. A small lug riveted
to the top of the inner can furnishes
this connection. Opposite the grid
terminal of the socket and ;!4 inch
in from the edge, a ~-inch diameter
hole is drilled to take the grid lead, and
two corresponding holes are drilled in
the inner can and the bottom plate of
815

.------,

TO METER

Fie. 2818 - Wiring diagram of the 815 amplifier.
SI - D.p.d.t. toggle, for meter switching.
Cl
IS I'.ad. per section (Cardwell ETRFC - 25 turns No. 24 enam., self-sup.
IS-AD). The rotor is grounded at
the center by two copper straps
portio" M-inch mam. (or Ohmite
mounted on the end-plate support
Z-l).
Ll - 56 Me.: 6 turns No. 14 enam., I.inch
bars.
mam., 1M inches long with %.inch
Cs -10 I'l'fd. per section (Cardwell ER.
gap in center to take 2·turn link.
IS.AD with one stator and one
112 Me.: 2 tums No. 14 enam. with
rotor plate removed from each
I.tum link.
section).
Ui-S6 Me.: 6 tums No. 14 enam., %.
Ca - 3S·I'.ad. midget variable (Cardwell
inch diam., %.inch long. Two·turn
ZR·35.AS).
link of 1M -inch diam. wound over
~ - 15'l'l'fd. midget variable (Cardwell
center. 112 Me.: Shallow U of No.
ZR·15.AS).
14 enam. % inch high running
C.
0.005-.ad. mica.
from strip terminals. Link is a
Ca - lOO·I'.ad. mica.
similar winding parallel to Ui.
C1, Cs - 0.OO2 •.ad. mica.
Ls-4 turns No. 14 enam. ~·ineh diam.,
N - Small copper tabs near tuhe plates.
~.inch long. Link is 2 turns
See text.
lli-ineh diam. wound over center
Rl, Ib - 15,000 ohms. 10·watt wirewound.
ofLs.
Rs - 75 ohms. 2-watt.
L. - 4 turns No. 14 enam. ~.inch. diam••
R, - 75 ohms, Mi-watt.
spaced diam. of wire. Two-turn
lli - 12,000 ohm., I-watt.
link at cold end of L..
Re - 0.1 megohm, I-watt.
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Fill. 2823
A view und~r the oscillator shows the
grid condenser and leak, the r.f choke and supporting
pillars.

plate and filament circuits. It gives good
stability and an unusually high order of efficiency for u.h.f. oscillators.
Photographs of the transmitter using this
circuit are shown in Figs. 2826 and 2828. The
push-pull HY-615 tubes are capable of about
five watts output at 2J1 meters and somewhat
less at 1 U meters.
The aluminum chassis measures
by 16
by IJ1 inches; at one end are the tube sockets,
mounted with the filament prongs facing the
front edge. A soldering lug is placed under one
of the socket mounting screws so that all
grounds at this end of the chassis may be made
to this one point.
The top view, Fig. 2826, shows the tubes
mounted closely together at the left with the
tuned plate line extending to the right. A
homemade condenser across the tube end of
the pipes permits adjusting the frequency
over a fairly large range. The grids, which
should be as nearly as possible at zero r.f.
potential, are tied together and grounded to
the chassis through the grid leak, R l • The
antenna link is mounted on two standoff insulators at the right end of the base.
The plate-pipe assembly is supported by
standoff insulators, the center of the pipes
resting on one and the shorted end of the line
on the other (between the two cones). Plate
voltage is fed through a hole in the chassis to

this latter point. The standoffs are of sufficient
height to permit the shortest possible connections between the line and the tube plates. A
strip of the best obtainable r.f. insulating
material should be used as the spacer and
mounting support across the center of the line.
The plate tuning condenser is made from
two IJ1-inch diameter copper discs, to each of
which is soldered a machine screw. The pipes
are drilled and tapped so that one plate can be
mounted on each pipe.
Construction of the lU-meter line may be
similar, but the light weight of the line suggests that only one supporting insulator be
used. This may be accomplished by soldering a
right-angle bracket to the shorted end of the
line and attaching the assembly to the insulator used to support the center of the
112-Mc. pipes. The condenser plates for this
frequency are 1 inch in diameter.
Beneath the chassis is the tuned cathode

au

Fig. 2825 - Circuit of the low.power oscillator shown
in Fig. 2824.
C, - 30'"pfd. isolantite·insulated compression.type
trimmer.
C2 - 100·p,.fd. midget mica.
R, - 50,000 to 75,000 ohms, ~.watt.
L - Linear tank circuit; sec text.

circuit, connected to the cathode prongs of the
tube sockets by short lengths of No. 12 wire.
The pipes are shorted and grounded to the
chassis at the far end. Gl, the tuning condenser,
is insulated from the chassis and connected
directly across the open end of the line. Each
tube has a separate set of twisted pair filament leads running through its cathode pipe;
they are connected in parallel for the heater
power, of course.
In tuning to the 2J1-meter band, first set the
plate condenser G2 so that the spacing between
plates is approximately ~6 inch. Then apply
power and rotate the filament condenser, G)'
until oscillation starts, indicated by a drop in

Fig. 2824 - This low-power trans·
mitter illustrates the simplicity of cou·
struction of the 112. and 224-Mc. hands.
The circuit diagram i. given in Fig. 2825.
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plate current. The oscillating plate current should be about 20 ma., rising,
when the antenna is coupled, to about
40 mil.. A reliable frequency checking
system should then be used to make
sure that the transmitter is tuned to the
desired frequency. The frequency is lowered by increasing the plate condenser
capacity and retuning the filament circuit. Decreasing the plate capacity increases the frequency.
For IX-meter operation, in addition
to replacing the larger plate pipes by
smaller ones, a section of the cathode
line may be shorted by a metal slider,
Fig. 2826 - a low.power tuned-plate tuned-filament os.
the position of which should be adjusted eiUator.
For operation on 112 and 224 Me. The small line in
so that C1 is effective in tuning. It should, front is for 224 Mc.
however, be possible to find resonance
on this band simply by tuning CI carefully in it should be omitted. The line is relatively
the region near minimum capacity, since the short for the frequency, the reason being that
line is rather short for 2}2 meters.
the internal tube leads make a considerable
addition to the actual length of the line, plus
• MEDIUM-POWER TUNED-PLATE
the loading effect of the tube plate-grid
TUNED-FILAMENT TRANSMITTER
capacity.
Figs. 2829 to 2831 show the construction and
The high-voltage connection, brought through
circuit of a second tuned-plate tuned-filament an insulator in the chassis, is shown just to the
2}2-meter transmitter. This set has much in left of the supporting insulator in Fig. 2829.
common with the one just described, but con- The antenna-coupling link, La, is made from
ventional tubes of the medium-power class are small-diameter copper tubing; its length should
employed. Fundamentally the circuit of Fig. be adjusted to give the desired loading, with
2830 is the same as that of Fig. 2827, with the antenna used.
slight changes made necessary by the directlyFig. 2831 is a view of the tuned filament cirheated type of tube used. This arrangement, cuit underneath the chassis. Each pipe is
even with conventional tubes, operates with soldered to and partly supported by a filament
an efficiency of better than 50 per cent.
prong on each tube socket. The shorted end of
A glance at Fig. 2829 will show the arrange- the line is held in place by a metal pillar which
ment of the plate circuit, supported on top of also makes the connection to the chassis
the chassis. The chassis is 4}2 inches wide, ground. A wire is fed through each pipe and
15 inches long and 2}2 inches deep. There is no connected to the other filament prong on the
tuning condenser for the plate line; a condenser appropriate socket. These wires are connected
may be used, if desired, but for best efficiency together at the shorted end and filament voltage applied between this common connection
H'f-.15
and ground.
CI, the filament-line tuning
condenser, rests on the insulated
portions of the sockets and is securely mounted by two small
aluminum brackets which fit under the socket mounting screws.
tH,>'
Care must be taken to prevent
o. 3V. -H."".
grounding of the condenser plates.
H'f-6IS
A short connection is made beFig. 2827 - Circuit diagram of the low.power tuned.
tween the two grid prongs, and the grid resisplate tuned.filament oscillator.
tor, RI, runs from the center of this connection
Cl -I5.""fd. variable (National UM.I5).
to ground.
C2 - See text.
Rl -20,000 ohms, I·watt.
Tuning is similar to that already described
h
Filament line, U·inch o.d. copper tubing, length
for the low-power transmitter. The setting of
10 inches, spacing % inch.
L:a Plate line; for 112 Me., 7 I6-inch o.d. copper CI which gives minimum plate current is not,
tubing, length 14 iuches; spacing diameter of
however, the adjustment at which the circuit
tubin g; for 224 Me., U .inch o.d. copper tubing,
delivers maximum output. A lamp dummy
length 6 inches, spacing diameter of tubing.
antenna coupled to the pipes will show that as
La - Hairpin link for antenna coupling; length apthe condenser setting is slightly altered the
proximately 4fr2 inches.
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Fig. 2828 - Filament-circuit view of the lowpower push-pull oscillator. The tuned filament
line is grounded at one end and soldered directly
to the cathode prongs of the tube .ookete at the
other. Filament lead. run inside the tubes.

plate current will rise and the output will increase. The current should not be allowed to
exceed 200 rna. at full load.
Other tubes than the T-40's shown have been
used successfully in this circuit, including
Types 809, T-20, RK-32, RK-ll, RK-12, and
TZ-40. Still others of similar construction and
ratings undoubtedly also would function satisfactorily. Tubes like the HK-24 and 35T will
work well at 224 Me. using this circuit.
• TRANSMITTER·RECEIVERS AND
TRANSCEIVERS

For portable or mobile work, it is necessary
to have compact receivers and transmitters
capable of working from small power supplies.
Anyone of several of the transmitters described earlier in this chapter can be combined
with any of several of the receivers or converters described in Chapter Twenty Seven
for the portable/mobile station. However,
it is often convenient to combine both units
in the same case, and several such units are
described in the following pages. It is possible
in these combined units to combine the functions of some of the tubes and use them during
both reception and transmission. When the
same tube is used for both the receiving detector
and the transmitting oscillator, the unit is

Fig. 2829 - This transmitter operates efficiently with
conventional tubes at 112 Me. To reduce losses the
plate lines are not condenser tuned. A elider is used for
frequency adjustment. The hairpin couplinl link is at
the left.

called a "transceiver"; both receiver and transmitter combined in the same cabinet is called
a "transmitter-receiver."
• A COMPLETE BATTERY·OPERATED
56·MC. PORTABLE STATION

The transmitter-receiver shown in Figs.
2832, 2833 and 2835 is completely batteryoperated and will give excellent results on
the 5-meter band. It fully complies with the
regulations and is modern in every way': As
can be seen from the circuit diagram in Fig.
2834, the transmitter d. circuit uses a IJ6G
twin triode as a 28-Mc. crystal oscillator (or
tuned grid for self-excited operation) and
56-Mc. doubler. A IF5G straight r.r. amplifier
having 4 watts input follows. The receiving
circuit uses a ID5GP tuned r.f. stage which
greatly improves selectivity and prevents
radiation. A standard 8uperregenerative detector is used, and the tuning controls are
ganged. The common audio channel makes
use of a IH4G first audio for amplifying the
output of the detector or of the microphone
and a IJ6G in Class B delivering 2 watts of
audio.
Four tubes only are used at any time. The
other two have their filaments opened by the
send-receive switch when not in service. This
same switch throws the antenna from the transmitter to the receiver. As the transmitter filaments take somewhat higher current than do
those of the receiving tubes, a small network of
}1-watt resistors is inserted automatically when
the send-receive switch is thrown.
An additional refinement in the form of
screwdriver-slot tuning of the transmitter circuits prevents accidental detuning that may
occur when knobs are used. The insulated tool
is clipped to the side of the case, where it is
always handy.
The transceiver shown measures 12}1 inches
high by 15 inches wide by 5 inches deep, holds
all batteries, and weighs 15 pounds less batteries. The user has the choice of employing
batteries having a combined weight of 11 %; or
5%; pounds. The heavier batteries are somewhat cheaper and give slightly greater life
than do the lighter-weight batteries. The
heavier type 45-volt ba.tteries are Burgess No.
5308 and Eveready 762. The lighter types are
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T-40

Fig. 2830 - Circuit dia.
gram of the medium.
power 112.Mc. oscillator.
Cl -15'jL~d. variable.
Rl - 5000 ohms, 10.watt.
Lt, L2 Filament and
plate line&; ".
incb o.d. copper
tubin g, len gth 12
inches, spaced di.
ameter of tubing.
La
Hairpin link for an·

T-40

7.!SV.

~

tenna coupling;

+ IOOOV.

-7.5V.

len gth approlli.
mately 3 inches.

-IOOOV.

BurgesA Z-30-NX and Eveready No. 482. Two
17!i-volt portable "A" batteries like the Burgess 4F A or Eveready 724 are recommended
for filament supply.
The general layout of the unit is shown quite
clearly in the various photographs, and needs
little description. The receiver section is at the
right, with the d. amplifier at the rear of the
aluminum shelf. A baffle shield separates it
from the detector circuit, which is next the
paneL The two audio tubes are in the center,
while the transmitter occupies the left-hand
(from the rear) part of the chassis. The two
tubes, oscillator-doubler and amplifier, are
along the rear edge of the chassis. The crystal
tank circuit is underneath, and the doubler
tank circuit on top, of the shelf.
Connect the proper batteries and rotate the
combined filament rheostat, filament and highvoltage switch sufficiently to the right for the
superregenerative hiss to be heard in the
"receive" position. This usually occurs in the
neighborhood of 1.8 to 2.0 volts.
Next turn the switch to the "send" position
and the meter switch to the" oscillator-doubler"
side. The meter will read about 50 mao with a
tuned grid coil, and by checking the output
with a 2-volt pilot lamp and two-turn pickup
loop, the current can be reduced to 40 mao by
grid tuning without sacrifice of output as
indicated by the pickup loop. When operating
with a lO-meter crystal the total current will

be about 15 mao out of resonance, and will rise
to 40 mao when the crystal frequency is reached
by tuning the oscillator plate tank.
When the oscillator is "putting out" nicely,
the doubler condenser is rotated for a dip of 10
mao in the total plate current read on the meter.
The oscillator and doubler now take 30 mao
Should these values not be attained when using
135 volts on the plates, tap the lead from Cll to
L2 a turn or two from the hot end of the coil,
and also tap down the wire from C5 to L, until
the doubler dips 10 mao when C7 is resonated.
Now throw the meter switch to the amplifier,
where it will read 35 mao out of resonance and
10 mao when the plate tank condenser C2 is in
tune, and antenna disconnected. Connect the
quarter wave antenna and tune the antenna
condenser Ct for maximum rise in plate current. Retune the plate tank condenser for a
new dip and repeat the process until the
amplifier draws about 30 ma., or a power input
of 4 watts.
A 2-volt 60-ma. (No. 48) pink-bead pilot
lamp may be connected in the circuit between
the "send" side of switch SWI and CI. The
lamp will light to full brilliancy and may even
burn out on voice modulation. If it does it is a
sign of good output and the lamp may be replaced with a 6-volt l50-ma. (No. 40) brownbead bulb. No differenee has been observed in
the signal by the introduction of the lamps, and
as they give a real indication of current flowing in a feederless antenna system they
can replace expensive thermo-couple milliammeters in portable gear. (Bib. 1'.1)

Fig. 2831
Below.cbassie view of tbe medium.power OBCi!.
lator. Tbe arrangement is described in tBe text.
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A 112-Mc. Transceiver
The transceiver shown in Figs. 2836,
2837 and 2839 is completely self-contained and is capable of good communication over considerable distances on the
27!i-meter band. It can be assembled for
less than twenty dollars, including tubes
and batteries, weighs about sixteen
pounds, and
something not usually
found in transceivers - spreads the 112to 1I6-Mc. band over practically the
whole tuning-condenser scale.
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Fig. 2832-Thebat.
lery.operated trans·
ceiver opened up to
show how the space in.
side the carryin g case
is utilized. Transmitter
and receiver are built
on an aluminum sbelf
running the lengtb of
the panel.

The tubes used
have 6.S-volt heaters, which may
seem a bit odd in a
unit intended for
dry-battery operation. This, however, was a matter
of necessity rather
than choice - necessity, that is, if
sure-fire and noncritical operation
was to be expected. The 6.S-volt tubes permit
the transceiver to be readily adapted to a.c.
operation, which will conserve battery life if
the outfit is to be used at the fixed station.
As the circuit diagram shows, an HY-615 is
used as the oscillator-detector, and a 6G6G as
the modulator-audio amplifier. The HY-615
functions well in u.h.f. circuits, and the 6G6G
makes an excel1ent audio tube for the purpose,
giving high output with small input.
The detector-oscillator tuned circuit consists
of C2, Cs and Ll. The circuit works best with
fairly high C, and C2 provides this capacity. Ca,
tapped across one-half of LIt serves as a bandspread tuning condenser. The incoming signal
and the d.c. voltage are both fed in at the
center-tap on L l • This is the best place for
connecting the d.c. lead, and connecting the
antenna at the same point affects the circuit
least while still providing sufficient coupling.
Converting from superregeneration to straight

oscillation is accomplished by shorting out the
larger of the two grid-leak resistances, R2. by a
Bet of contacts on the ganged send-receive
switch. A second Bet of contacts connects the
HY615 plate to the plate winding of the
transceiver transformer, for receiving, or to
the 6G6G plate circuit for transmitting. A
third set of contacts grounds one side of the
microphone jack during the transmission period. Ri is the regeneration control as well as
the volume control.
The cabinet which houses the unit measures
6 inches deep, 7 inches wide, and fifteen inches
high. If longer battery life is desired, it will be
advisable to secure a larger cabinet so that
several filament batteries may be paralleled.
The 6 by 7 by 15 size will permit at least two
batteries to be employed.
A commercial channel-type chassis is used in
conjunction with the cabinet. It can be easily
duplicated by bending a piece of aluminum
sheet. The width is 5 %: inches and the depth 5}1 in-·
ches. A 1}1 inch section is
bent down along the panel
edge for mounting. Side
pieces }1 inch wide are bent
down along the two short
edges to add strength and
rigidity.
A view of the panel and
battery compartment of the
transceiver is shown in one
Fig. 2833
A plan view of the
outfit. Transmitter at lelt, reo
eeiver at right. A quarter.wave
rod antenna fits iuto the reeeptaele mounted by standoff insu,
lators on the front panel.
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of the photos. The main tuning dial turns a

above; both are %inch in from the right edge.

bakelite shaft which runs through a bearing
centered on the panel2Ys inches down from the
top edge. The two antenna support insulators
are to the right, the lower one in line with the
shaft bearing and the top one 1 J.2 inches

The volume control, at the left, and the selector
switch at the right, are mounted I%: inches
from the edges of the panel and 5 -u. inches
down from the top. After these two holes have
been drilled, holes of the same size and spacing

05C~DOu8.

L~n
o
I

0

0

TUNED
GRID

~XTAL

Complete wiring diagram of
Fig. 2834
CI - 25 I'l'fd. midget.
C2, C7 - 15.ppfd. midget.
Ca - Neutralizing condenser (National NC600); not
required in some layouts.
C4, C6, Cg, Cle, Coo - 0.004·lJid. paper.
C6, CII -100· P l'fd. mica.
CD
35·l'l'fd. midget.
CIO - 250'l'l'fd. mica.
C12, Cia
O.I·lJid. paper.
CI4 - 50·l'lJid. mica padder.
CI6, CI9
10·l'l'fd. midget.
CI7 - 50·l'lJid. mica variable padder.
CIS - 100·l'l'fd. mica.
C21 - 8·lJid. electrolytic.
C22 - 50'l'l'fd. air padder. mounts in LI plug.in coil
form.
RI, Rs - 5000 ohms, J.1l.watt.
R2. R6
10,000 ohms, J.1l.watt.
R4
500,000 obms, J.1l.watt.
R6 - 30,000 ohms. J.1l.watt.
R7
10-obm rheostat with off position on wire and
snap switch on back.
Rs - 100,000 ohms, J.1l.watt.
R9 - 8 ohms, I·watt.
RIO. Rn, Ria - 1 ohm, J.1l·watt.
TI - Mike and plate.to-single-grid transformer (high.
ratio type).
Ts - Qass.B input transformer for IJ6G.
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the hattery-operated 56·Mc. transceiver.
Ta
Claas B output transformer, lJ6G plates to 3500
and 5000 ohms.
SWI-D.p.d.t. rotary switch.
SW2 - D.p.d.t. toggle switcb.
SWa - S.p.s.t. snap switch (see text), dashed lines indio
cate ganging.
1.1 - Optional 28 Me. grid coil. 9 turns No. 12 wound
on %-inch diameter form, spaced with No. 14;
inserted in interior of plug-in coil form.
~ - 28·Mc. oscillator tank - same as LI but not
plug.in.
141 - 56 Me. doubler tank. 7 turns No. 15 on %.ineh
diameter form, spaced with No. 14.
L4-56 Me. amplifier tank. 6 turns No. 12 on %-ineh
diameter form, spaced with No. 14; center
tapped.
La - 4 turns No. 12 on %-inch diameter form spaced
with No. 14. wound over L4 or 2 tarns at eacb
end.
La - 7 turns No. 14 on %" dowel to oceupy 1"
remove dowel.
b, Ls - 6 turns No. 14 on %" dowel to occupy I".
Space between coile sbould be greater tban 1",
inductive relation not required.
RFCI - 2.5.mb. r.f, choke.
RFCs - 70 turns No. 30 d.s.e. on %" dowel (wood) that
bas been boiled in paraffine. Paint windiog with
low-loss coil dope.
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Fig. 2835 - Bottom view, show.
ing the wiring. Audio transform.
ers are below the ebasei8. The
speech system is for use witb a
single.button mike.

should be drilled in the supporting section of the chassis.
Later, when the components
are mounted, the variable
control and the switch are
used to fasten the panel and
chassis together. Jacks for
the headset and microphone
are 1M inches below the
controls just mentioned and
2~ inches in from the panel edges.
The HY-615 is mounted at the center of the
chassis. The grid-cap of the tube is to the left.
A Bocket for the 6G6G is centered 1 inch in
from the rear chassis edge and just behind the
HY-615. The modulation transformer is to
the left of the tubes.
Compactness in the detector-oscillator me-chanicallayout is the only real objective. This
is easily attained by mounting the band-spread
condenser on a 1 %-inch stand-off insulator
(Millen type 30001) which keeps the condenser
clear of the tube. The condenser, with all but
three plates removed, is first fastened by
running a 6-32 machine screw through the
inside of the insulator and through the condenser-frame mounting hole. This assembly
may be placed quite close to the tube provided
the condenser mounting is reversed so that the
mounting hole comes under the shaft at the
front rather than under the plates at the rear.
The insulator may then be placed so that the
mounting ring barely touches the tube base. A

shaft coupling connects the condenser to the
bakelite extension shaft.
Next, C2 and Ll are paralleled and one end of
the combination is soldered to the left-hand
stator terminal of Cs. This should be a solid
connection because it is the main support of C2
and L1. The opposite end of this combination is
supported by C., which also connects to the
grid cap of the HY-615. Cl, the antenna coupling condenser, mounts between the rotor
terminal of Cs and the antenna feed-through
insulator. A second connection runs from the
rotor of C3 to the center of L1 to form the bandspread tap. The d.c. voltage, which comes up
through the d. choke at the right, is also fed
in at the tap on k. Another r.r. choke, in series
with the grid leaks, connects to the grid of the
tube. Both the grid and plate chokes are attached to victron through-point bushings
mounted in the chassis to the front of the tube.
The plate and grid connections are soldered to
the tube caps to insure good contact, since the
smaIl spring clips are not always reliable.
However, soldering is not absolutely necessary, and is not recommended unless the builder is
prepared to be careful to use just
enough heat to make the connection. Otherwise the tube may be
damaged.
The wiring below the chassis
needs no particular care. Of course,
d. by-pass leads must be as short
and direct as possible. Fortunately,
there is little opportunity to go
wrong, so long as the two 0.01-J'fd.
paper condensers are mounted as
shown. The ground sides connect
to a lug held in place by the nut

Fig. 2836
A front "iew of the trans.
ceiver panel layout and the battery com.
partment. The antenna is a half-wave rod;
the upper of the two insula ton i8 only a
support.
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which locks the tube socket in place.
The transceiver transformer is at the
left, with the grid winding facing the
tube sockets. C8 and R3 are at the
rear of the chassis. C 9 is the large
paper condenser at right angles to Ca.
Rl runs between the selector switch
and the through-point bushing at the
right. R2 goes from the switch to
ground (the soldering lug). 8102 is
mounted on the potentiometer and
connects to the lug strip at the rear
of the chassis. Incoming voltage leads
are attached to this same strip.
Four Eveready Mini-Max type
482, 45-volt blocks form the plate
supply. The Burgess type F4Pl, 6volt battery is used for the filament
supply. One of these 6-volt units will
permit twenty-two to twenty-five
hours of operation. With a larger
cabinet, three (\f these blocks could
Fig. 2831- Looking down into the r.f. circuit. The band-spread
condenser is tipped "" shown so that it may be adjusted from the be paralleled so that sixty or more
hours of service could be secured.
rear after the panel and chassis have been slipped in the case.
To put the transceiver
in operation, the battery
leads are soldered in place,
an antenna (the length is
not critical, but it should
be around 45 inches) is
attached, and the 'phones
and microphone are
plugged in the appropriate
jacks. Resistor Rl is then
rotated in a clockwise
direction to full scale.
This snaps on the plate
and filament switches and
sets the regeneration and
volume at maximum. 8Wl
should be thrown to the
receive position.
Mter a second or two
of warming up, the superregenerative hiss should
become audible. It is probable that the detector will
superregenerate properly
only at frequencies in and
near the 2~-meter band,
Fig. 2838 - Wiring diagram of the transooiver.
which will be found with
Cl, C2 - 30-I'~d. mica trimmers
fu -lOO,OOO~bm variable.
(National M30).
RFC-High-!requeney r.f. chokes
C2, the band-setting conCa - 3-plate midget variable (Ham(Obmite Z-l).
denser, at nearly full ca.marlund HF.15 with two
Tl - Tratl8Ceiver transformer (Thor.
pacity. A quarter turn
plates removed).
darson T-72A59).
C. 100-1',.£:1. midget mica.
Ch - 7.henry, 4O-ma. tilter choke
back from maximum ca.(Thordareon T -13C37).
C" Ce - O.OI-l'fd., 600.volt paper.
pacity should be quite
C7 - 0.002.~d. midget miea.
SWl - 4-eireuit single.gan{ selector
close to the band.
Ca - 20.~d., 25.volt paper electro·
switch (Yutey 3243J with one
The band-spread adlytic.
8et of contacts not nsed).
Co - 0.25·~d., 400.volt paper.
SW2 - D.p.8.t. snap switch (Yax\ey
justment is quite easily
Rl - 15,000 ohms, )4.watt.
No. 7 mounted on variable
made because of the conR2
125,000 ohms. )4-watt.
resistor).
struction ofthe coil. In our
Ll - 3 toms No. 14 tinned wirj )4.
Rs
500 ohm.. l·watt.
model the band could be
R. -100,000 ohms. )4-watt.
inch diameter, %.ineb ong.
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spread over the entire dial when the bandspread tap was placed at the exact center of
the coil. Less spread is obtained with the tap
more toward the grid end of the coil and more
when the tap is moved back toward the plate
end.
It may be well to experiment a bit with the
position of the d.c. voltage tap, as sometimes fl.
considerable improvement will result. It is 0.1,,0
worthwhile to try different values of grid-leak
resistance. A point closer to straight oscillation
is reached as the value of the resistance irl
decreased.
The oscillator is not at all seriously affected
by antenna loading, but it is advisable to spend
a few minutes trying different adjustment~ because proper loading does permit the circuit to
work at its best. A setting which allows approximately three-quart.ers of the couplinj(
condenser capacity to be used is about "ptimum. (Bib. 4.)
A lJ:J-Mc. Transmitter-Receiver
The transmitter-receiver shown in Figs.
2840, 2842 and 2843 uses the new lA-volt
Fjg. 28.~l} - A view of th .. parts and winn g below the
filament loktal tubes for good u.h.!. perform- chaSlli•. The grouping of ~ ground.~ i. the only imporance and minimum battery requirements. tant consideration here. See text for details.
Because the plate voltage is low (90), every
effort was made to reduce the losses throughout between the shaft bushing and one side of the
the rig. Ceramic and polystyrene insulation is coil prevents the coil from shorting against the
used wherever possible, and the parts are bushing. A short piece of flexible wire from the
antenna switch to the coil furnishes some drag.
arranged for maximum efficiency.
As can be seen from the circuit diagram in and a spring washer on the shaft provides
Fig. 2841, separate ILE3's are used for detector enough additional drag to allow the coil to be
and transmitter oscillator, with a lLA4 serving set in any position without moving. It is not a
as audio amplifier and modulator. A switch on very critical setting and does not need to be
the panel turns off the filament battery when varied often.
the set is not in use, and another switch
The send-receive switch is modified to prois used for the "send-receive" changes. The vide a low-capacity antenna switch, to elimionly unusual feature of the circuit is that no nate coupling between the transmitter and
regeneration control of the usual type is used. receiver circuits. One gang of a two-gang
but a tuned antenna coil can be moved in rela- three-circuit two-position switch is removed,
tion to the grid coil and provides an effective and the switch bar is tapped for two 4-36
control of regeneration.
screws. A strip of polystyrene is bolted to this
The unit is housed in a 7 by 15 by 3-inch bar and serves as the extension arm for the
chassis which provides just enough space for antenna switch. It passes through a slot in the
the components. The tube sockets and tuning sub-chassis. A strip from an old phone jack
condensers are mounted on a 7 by 3-inch strip is drilled and bolted to the polystyrene strip
of aluminum supported by strips of U-inch to furnish spring and contacts for the switch.
brass rod and mounted 2~ inches down from The receiver and transmitter contacts are
the top of the chassis. This allows just enough made from brass strips supported by feedroom to get the tubes in and out of their . through insulators and mounted on the alumisockets. The condensers are insulated from the num sub-chassis. The length of these strips is
chassis by National XS-6 bushings, and the adjusted so that the switch arm will just make
shafts are connected to the dials through contact. A piece of flexible wire or braid runs
bakelite insulating couplings. The variable from the antenna post to the switch arm. The
antenna coupling is made by drilling a piece antenna post is made by mounting a Johnson
of U-inch bakelite rod so that it will take the jack on a Millen polystyrene stand-off insulaends of the antenna coil, La, and mount the tor. The flexible lead is insulated where it goes
condenser 0 •. The wire is secured to thll shaft througb the top of the chassis by running it
by Duco cement. A shaft bushing furmsnes the through a small piece of polystyrene. The
bearing for the shaft, and an insulated wa.sher antenna is a 4-foot car antenna, and it is
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Fig. 2840 - A self-eon.
tAined 112·Mc. transmitter.
receiver. The two large knobs
are for tuning the receiver
and transmitter, the knoh
between them is the "sendreceive" switch, and the
toggle switch turns off the
81ament battery. A jack
mounted on a polystyrene
stand-off insulator provides a
convenient point to plug in
the vertical antenna. The
knob on the side of the chassis
controls the regeneration in
the receiver by varying the
antenna coupling.

Fig. 2842 - The rear view
of the transmitter-receiver
shows the position of the bat.
terillsC.lDd the sub-ebassis
whlChsupports the tubes and
tuning condensers.
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Fig. 2841 - Circuit diagram of the 112-Mc. transmitter-receiver.
.
C, -15-fl flfd. midget variable (Hammarlnnd HF.15).
C2 - 3-15·fl{lfd. mica compression trimmer (National
M-30 with top plate trimmed down).
C, - 6-flflfd. midget variable (Hammarlund HF-15
with one rotor and two stator plates removed).
3-30·l'flfd. mica compre88ion trimmer (National
M-30).
C~, Cs - 50-l'pfd. mica.
C7 - 500-l'flfd. mica.
R, - 12,000 ohms, M-watt.
R2 - 5 megohms, M·watt.
T, - Push-pull interstage transformer (Thordarson
TI3A36).
T2 - Transceiver transformer (Thordarson T72A59).
RFC, - 20 turns No. 24 enam., J4 .inch diam., spaced
diam. of wire.
RF~ - U.h.f. r.f. choke (Ohmite Z-l).
S, - Two-gang three-eircuit two-position non·shorting
switch, modified. See ten. (Yaxley 1323L.)

c.. -
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sweated to a Johnson jack to fit snugly into
the antenna socket.
The details of construction of the rest of the
unit can be gathered from Figs. 2842 and 2843.
It is advisable to gather together all of the parts
before drilling any holes, so that one can be
sure there will be room for everything. The
combination A and B battery (Burgess 4TA60)
is held in place by a piece of %-inch brass angle
at the top, by the modulation transformer on
the side, and by cardboard stuffed in back when
the back plate is put on. The microphone and
C battery (two Burgess B3BPX in parallel)
is held in place by a brass bracket which is
fastened directly to the positive terminals.
No difficulty should be encountered in putting the unit in operation. The transmitter
antenna coupling condenser, 02. should be
screwed up until the oscillator refuses to
oscillate, from which point the condenser can
be backed off a turn or two, with assurance
that the coupling is adequate. The coil, Ll,
should be adjusted so that the 112-Mc. band
will fall at the high-capacity end of the tuning
range of the condenser. It is not necessary to
use a high-gain carbon microphone, since
the 4.% volts in the microphone circuit allows
more than enough signal to get to the modulator, and it is not necessary to shout into the
microphone even with a fairly insensitive unit.
If any trouble is experienced with the receiver
not "supering" over the range (as indicated by
a strong hiss), different values of R2 and 0 7
should be tried.
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Fig. 2843 - A close-up view of the
suh-ehassis shows the two arms of the
antenna switch and tbe polystyrene
lever arm running from tbe "sendreceive" switch up througb the slot
to the flexible lead from the antenna
post. The antenna switch is mounted
towards the front of the sub-ehassis;
the tube sockets (whicb are ring.
mounting) are located at the very
rear of tbe sub-cbassis.
The transmitter portion is at tbe
right and the receiver at tbe left. The
modulator tube socket i. the center
one.

If the microphone is left in its jack when the
unit is turned off, the send-receive switch
should be set at "receive", otherwise the
microphone battery will discha.rge through the
microphone.

Bibliol1raphy
1 Taylor, QST, Aug., 1939.
2 Goodman, QST, Nov., 1940.
8 Jacobs, QST, April, 1940.

• Chambers, QST, April, 1940.

CHAPTER TWENTY.EIGHT

40 1

Frequency M.odulation
Principles - Transmitters - Receivers
quite recently, amplitude modulation
(variance of carrier amplitude in accordance
with the audio frequencies while the frequency
of the carrier remains constant) was considered
the only practical type of modulation, and
every effort was made towards reduction or
elimination of the frequency modulation sometimes introduced in amplitude-modulation
processes. However, it has been demonstrated
that, with the proper type of receiver, frequency modulation can result in the reduction
or elimination of man-made noise to a much
greater degree than is possible with the more
common type of modulation. Since all noise is
an amplitude variation, a receiver that is
insensitive to amplitude modulation will not
be affected by noise. Such a type of receiver is
used for the reception of frequency-modulated
signals, and it results in virtually noise-free
reception. Deliberate f.m. is allowed only in
the 58.5- to 60-Mc. range and the higherfrequency amateur bands, and consequently
it is a part of only the u.h.f. picture.
UNTIL

Principles
F.m. consists of varying the frequency of
the carrier in accordance with the audio
modulating frequencies at a rate proportional
to the frequency of the modulating signal and
by an amount proportional to the amplitude
of the modulating signal. In other words, the
higher audio frequencies will change the frequency of the carrier faster, and the louder
audio signals will swing or deviate the carrier
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Fig. 2901 - The characteristic of the second detector
of an f.m. receiver. The vertical axis represents the
voltage developed across the load resistor as the frequency varies from the exact resonance frequency.
A detector with this characteristic would handle f.m.
Bignals up to a band-width of about 150 kc. (over the
linear portion of the curve).
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frequency farther from the mean frequency.
The mean or average frequency remains constant at all times; thus the signal deviation
is equal on either side of the carrier frequency
for any given amplitude. Linear IDodulation
simply requires that the deviation be directly
proportional to the amplitude and that the
rate of deviation be directly proportional to
the audio frequency. It is required by regulation that the signal amplitude and mean
frequency remain constant in the 58.5- to 60Mc. range and, for this reason, the 5-meter
f.m. equipment is usually a bit more elaborate
than that used on the higher frequencies.
Although f.m. signals can be received on an
ordinary superregenerative or superheterodyne
receiver by tuning off to one side of the carrier
frequency, it is only by using a regular f.m.
receiver that the noise-limiting properties can
be obtained. An f.m. receiving system differs
from an a.m. receiver in that, instead of the
detector (or second detector in the case of a
superheterodyne), it uses a IiIDiter, to remove
all traces of amplitude modulation, and a
discriIDinator, to recover the audio modulation from the signal. The limiter is usually a
high-/' tube used as a grid-leak-biased amplifier stage operating at low plate and screen
voltage. When enough signal is applied to the
grid, the rectified current through the grid
leak biases the tube, and this in combination
with the low plate and screen voltage causes
the tube to saturate and become unresponsive
to any amplitude changes above a certain
level. This level is usually quite low compared
to the level of the signal. However, in order for
the limiter to work well, it is necessary that a
fairly strong signal be applied to it, which
requires that a good order of amplification be
used ahead of the limiter. The discriminator is
a variety of full-wave rectifier (see Fig. 2914),
since opposite ends of the transformer secondary feed the two diode plates. However,
the two diode cathodes are not connected
together but tie across opposite ends of a high
resistance, one end of which is grounded. The
center tap of the transformer secondary is
returned to the midpoint of the diode load
resistor for a d.c. return and is also coupled to
the "hot" end of the transformer primary
through a small coupling condenser. Thus the
voltage applied to the rectifier network can be

CHAPTER TWENTY.NINE

Frequency Modulation
Fig. 2902 - This modulator_ciUator unit
can work into practically any crystal-controlled 56-Mc. transmitter for frequencymodulated output. It contains a speech
amplifier and power supply, so that no additional equipment i. needed.
The oscillator coil is in the round shield
can in the center. The coil in the left foreground i. the buffer output circuit. Speech
amplifier and modulator are at the right.
with the power supply along the rear edge.
A 7 by n chassis is used.

considered as consisting of two parts: that
contributed by capacity coupling through the
condenser and that induced by inductive
coupling between the two windings. The voltage introduced by capacity coupling is in phase
with the voltage across the primary of the
transformer while the voltage induced by
inductive coupling is always 1800 out of phase
with the voltage across the primary. At resonance, the current in the secondary will be in
phase with the secondary voltage, since the
secondary winding shows only resistance at
this frequency, but at frequencies higher and
lower than resonance the secondary will show
inductive and capacitive reactance, respectively, and the current will lag and lead the
voltage. The resultant rectified voltage developed across the load resistor can be drawn as in
Fig. 2901, which might be considered the
detection characteristic of the stage. Thus no
voltage is developed across the load resistors
at resonance, but as the frequency becomes
higher than resonance a proportionate negative
voltage appears across the resistor, and as the
frequency becomes lower than resonance, a
proportionate positive voltage appears across
the load resistor. Hence the audio output is
proportional to the frequency deviation and,
for good detection, this characteristic should
be linear over the pass band of the Lt. amplifier
and symmetrical about the resonance frequency of the amplifier.
In the transmitter, the design is conventional
except for the modulator circuit. Unlike a.m.
systems, the modulator is a tube working as a
variable inductance (or capacitance) connected
across the tank circuit of a self-excited oscillator. Audio voltage fed to the modulator tube
causes it to act as more or less inductance (or
capacity, depending upon the way the tube is

connected) and thus varies the frequency of
the oscillator. The output of the oscillator
passes to the conventional doubler and amplifier stages.
The tube connected to work as a variable
inductance, or reactance modulator (see
Fig. 2903 - the 6L7 is the reactance modulator), has its control grid connected across a
small capacity, ell, which is in series with resistor Rll across the oscillator tank circuit.
The current through Rll will be in phase with
the voltage across the tank, but the voltage
across ell will be 90" behind the current, because of the property of a condenser in causing
the voltage across it to be in quadrature with
the current through it. The r.f. current in the
modulator plate circuit will be in phase with
the r.f. voltage on the grid, and consequently
lags the current through ell by 90°. This
lagging current is drawn through the oscillator
tank, and since causing a 90° lagging current is
the property of an inductance, the modulator
tube simulates an inductance connected in
parallel with the tank inductance. The amplitude of the lagging current, and hence the
effective value of the inductance, can be varied
by changing the amplification through the
tube. By varying the current at an a.f. rate,
frequency modulation is obtained. Other
variations of tube elements can be used, as
will be seen in other reactance modulators to
be described, but the principle is the same.
A reactance modulator can be checked for
linearity by placing a low-range milliammeter
in its plate circuit and noting whether or not
the plate current flickers under modulation.
If it does, it normally indicates that the audio
signal is in excess of the bias of the modulator,
and tha.t the modula.tor should not be run at
such a high signal level. The reactance modula-
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tor is essentially a Class A amplifier, and the
same general principles for linearity hold.
If the reactance modulator does not give
enough deviation to the oscillator, the Lie
ratio of the oscillator tank must be increased.
The Lie ratio should not be increased past the
point that allows the desired deviation to be
obtained without distortion, because raising
the Lie ratio is likely to decrease the inherent
stability of the oscillator. A good figure of
deviation for amateur f.m. is 15 kc. either side
of the carrier frequency. This is easily obtained
with the constants given for the equipment
described in this chapter. (Bib. 1)

An F.M. Modulator-Oscillator Unit
If one already has a crystal-controlled 56-

Mc. transmitter using amplitude modulation,
it is a relatively simple matter to disconnect
the modulator and substitute for the crystalcontrolled oscillator the f.m. oscillator-modulator shown in Figs. 2902-2904. The r.r. output
of the unit is intended to be fed through a link
to a tuned circuit which substitutes for the
crystal in the crystal oscillator. This tuned
circuit is resonant at the same frequency as
the output tank of the control unit, L2e3 in
Fig. 2903, and is in fact identical with it in

"j~
e;;:.Htl$.

~
....

Fig. 2903 - Cirouit diagram of the control unit for use with normally crystal.coutrolled transmitters.
3.5 Me.: 11 tums No. 24
RI - 0.1 megohm, l·watt.
Cl - 150·""fd. silvered mica for
enam •• length %: inch. di.
7 Me .• 650 ""fd. for 3.5 Me.;
R. - 25,000 ohms. l.watt.
1150 ",,.fd. for 1.75 Me.
ameter 1 inch. tapped 4th
R •• Rt. R6 - 50,000 ohms, l·watt.
C2 -IOO·",,.fd. variable (National
turn from ground.
R6 - 300 ohms, J1.watt.
SE.loo).
1.75 Me.: 21 tums No. 24
R7 - 0.5 megohm, ~.watt.
Ca - 50·",,,fd. variable (Hammar.
enam •• length 1 inch, di.
Rs - 300 ohms. J1.watt.
lund HF-50).
ameter 1 inch, tapped 6th
Rg - 30,000 ohms. l.watt.
turn from ground.
C4 - 100.,u,ufd. mica.
RIO
0.5
megohm,
~.watt.
C5
250·",,,,fd. mica.
L2 - 14 Me.: 10 tums No. lB.
RII
50,000
ohms,
l·watt.
C6 - O.OOI·,ufd. mica.
7 Me.: 20 turns No. 18.
RI2 - 5 megohms, J1-watt.
C7, Cs. Cg. CIG - O.OI·",fd. paper.
3.5 Me.: 40 tums No. 24.
RIa - 900 ohms. J1.watt.
Cll
3-30'l'l'fd. compression trim.
1.75 Me.: 75 turns No. 26.
Rlt - 1 megohm, J1.watt.
mer (set fuIl open).
All coils wound with enamelled
C12 - 250.",,.fd. mica.
Rls -0.25 megohm. J1.watt.
wire on IM·inch diameter
C13 - O.OI.",fd. paper.
R16 - O.S.megohm volnme control.
forms (HammarIund SWF.
CI. - 8.",fd. electrolytic, 450·volt.
RI7 - 2000 ohms, J1.watt.
4). 1.75.Mc. coil elose.
CI6 - O.Oh,fd. paper.
Rls - 50,000 ohms. J1.watt.
wound; others spaced to a
CI'" Cn - 10-l'fd. 25.volt electro·
RIO -0.25 megohm. J1·watt.
length of 1 J1 inches.
lytic.
Roo - 0.15 megohm, l.watt.
Link
3 to 5 turus, not critical.
CIS - O.l.",fd. paper.
RFC - 2.5.mh. d. choke.
La - 10 henrys, 40 mao
CI9, C20 - O.OI·,.fd. paper.
T, - 250 volts at 40 ma.; 6.3 volt.
L!
7 Me.: 10 turns No. 18 enam·
C21 - Dual 8·,.fd. electrolytic. 450.
elled. length %: inch, di·
at 2 amp.; 5 volts at 2 amp.
volt.
ameter 1 inch. tapped 3rd
(Thordarson TI3Rll).
C.2. C2a - 8·l'fd. electrolytic. 450.
turn from gronnd.
Sw
S.p.s.t. toggle switch.
volt.
Note: Dat.. for 14 subject to individual trimming for proper frequency coverage. Adjust inductance hy changing
turn spacing to brin g low frequency end of band ncat maximnm capacity on C2. Coil specifications given apply to
coil centered in round shield 2 inches in diameter and 2 J1 inches high. The 3.5. and 7.Me. coila will give full cover·
age of the 56-60·Me_ band with (4 100 "'I'fd.; the 1.75.Mc. coil will cover approximately 57-60 Me. with the eame
variable condenser.
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construction. In transmitters
using triode or pentode crystal
oscillators in which the tubes
are not well screened, it is advisable to use the crystal oscillator tube as a doubler rather
than as a straight amplifier. If
the transmitter uses a 7-Mc.
crystal oscillator, for instance,
the output of the unit can be on
3.5 Mc. and the grid circuit of
the ex-crystal tube tuned also
to 3.5 Mc. This will avoid difficulty with self-oscillation in the
ex-crystal tube. With a pentode
oscillator it is possible to work
straight through provided the
grid tank substituted for the
crystal is tuned well on the highfrequency side of resonance, but
this procedure is not advisable
since it may maJre the modulaFig. 2904 - In this bottom view of the unit, the r.f. section is at the
tion non-linear. It is rather important that all circuits in the right and the audio at the left. The oscillator !lOcket is the one just to the
transmitter be tuned "on the right of the coilllOeket in the center.
nose" for best performance. Of
course, if the crystal tube is a well-screened this impedance also should be shorted. Care
transmitting type it can be used as a straight should be taken to avoid short-circuiting the
amplifier.
grid bias, whether from a cathode resistor or grid
With harmonic-type oscillators the input fre- leak. In the latter case this usually will mean
quency can be the same as that of the crystal, that a blocking condenser (500 J.lJ.Ifd. or larger)
since the output frequency of the crystal tube is should be connected between the "hot" end of
already a harmonic. In the Tri-tet the cathode the grid tank and the grid of the ex-crystal tube,
tank should be short-circuited; in the types with the grid leak (and choke) connected on the
using a cathode impedance to provide feedback grid side of the condenser. Such a blocking
condenser can be incorporated in
the plug-in tank. The grid tank
tuning condenser can be a small
air padder mounted in the coil
form.
Those who already have a suitable power supply and speech amplifier can omit the lower part of
Fig. 2903 and build simply the
oscillator, buffer and modulator.
Transformer input to the modulator can be used in case the available speech amplifier happens to
have a low-impedance output circuit. The transformer and gain
control connect between ground
and point "A" of Fig. 2903, R1
being omitted. Any of the conventional methods may be used, in
fact, to couple the modulator to
an available speech amplifier, with
one precaution-if a high-impedance connection is used the" hot"
Fig. 2905 - The complete 56-Me. f.m. transmitter has all of the r.f. lead should be shielded to prevent
co!"pon!'l't~ under th!l chassis. with th? exception of the ollCillator grid
hum pickup. (Bib. S)
COIl, wblch 18 boused 1ll the shIeld can In the rear center of the chassis.
If a self-excited oscillator, elecThe tuhes. from left to right, are 7C5 output amplifier, 7G7 doubler,
6F6 e.c.o., 6SA7 reactance modulator, and VR-150 voltage regulator. tron-coupled or otherwise, is in use
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can be connected directly
across the tank circuit of the
oscillator. If the oscillator
uses too high a elL ratio, not
enough deviation may be obtained without distortion,
and it is advisable to revise
the Lie ratio in the oscillator to be more comparable
to those given in Fig. 2903.
A Complete 56-Me. F.M.
Transmitter
The transmitter shown in
Figs. 2905-2907 will yield a
carrier of approximately 7
watts on 56 Me., using a
power supply of 300 volts
rating. A reactance moduFig. 2907 - A view underneath the chassis of the 56·Me. f.m. transmitter
shows the volume control at the left, the oacillator control at the center, the lator is incorporated in the
doubler tuning control at the right, and the final amplifier tuning control at unit, and if it is desired to
the side. The microphone is connected to a connector On the left side of the use amplitude modulation
chassis, and the four.prong plug and Ilexihle wire connect to power supply the gain control on the reand microphone battery respectively. Note the shield between the final tuning
condenser and the oscillator tuning condenser, to reduce reaction between the actance modulator should be
two circuits, and the wire running from the doubler tuning condenser to near set at zero and the necessary
tbe final tank condenser which is used as a neutralizing condenser (N in Fig. 6 watts of audio connected
2906).
The output connects to the two binding posts mounted on a Victron atrip. in series to the plate and
screen lead of the 7C5 outin the present transmitter, a separate oscillator put amplifier. Used as an f.m. transmitter, the
need not be built, and the reactance modulator entire unit uses 300 volts at about 90 rna., mak-

To Nealers

lr

....

6.3

Fig. 2906
CI
O.Ol'l'fd., 400·volt paper.
C2
8·~d. 450·volt electrolytic
and 0.OO5-l'fd. mica in
parallel.
Ca
O.OOI.~d. mica.
C. - 500'I'~d. mica.
Ca, C9, CI. -lOO'I'~d. mica.
C. - 15·l'l'fd. midget variable
(Hammarlund HF.I5).
C7 - 25·I'~d.
silvered
mica
(Sprague).
Cs, ClOt CIS - O.OO5.~d. mica.
CII - 35-l'l'fd. midget variable
(Hammarlund HF-35).
Cl4 - 35 I'l'fd. per section midget
split stator (Cardwell ER35.AD).
Cl6
Two 500·I'~d. mica, one at
each end of rotor.
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+300 +300

Wiring diagram of the 56·Mc. f.m. transmitter.
N - Neutralizing condenser, see
(Thordarson T58A37).
text.
LI
10):4 turns No. 20 enam.
RI - l00,OOO-ohm volume control.
spaced to occupy 1 inch on
fu 750 ohms.
l.inch dism. form, cathode
Rs-0.25megohm.
tap 2~ turns up. Plugged
R4 - 50,000 ohms.
into socket on chassis.
fu - 5000 oIIms.
La 14 turns No. 20 enam. spaced
R.-25,OOOohms.
to occupy lYa inches, with
R7 - 0.1 megohm.
diam. of9/16 inch, self.sup.
porting (see text).
Rs - 75,000 ohms.
R9 - SOOO ohm.. I·watt.
La - 4 turns No. 20 enam., ):4.inch
RIO - 3000 ohms, 10·watt wire·
diam. and ~ .inch long.
wound.
L. - 6 turns No. 14 enam., !!i.inch
All resistors ):4.watt unless other.
inside diam., wound to oc·
cupy I.inch length, with
wisemenuoned.
RFCI-2.5.mb.r.f.choke.
%-inch gap in center to
RFCt
U.h.f. r.f. chok.e (Ohmite
take the swinging link of 2
Z-l).
turns No. 14 enam .. same
TI - Microphone
transformer
diam.
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ing it ideal to run from a vibrator pack for deviation is controlled by the setting of the gain
control, Ri. With the gain control wide open,
portable/mobile work.
A single-button carbon microphone is trans- the deviation is over 30 kc. on 58.5 Mc., which
former-coupled to the 6SA7 reactance modu- is more than adequate for all purposes. When
lator which is connected across the tank circuit the receiving station does not have a regular
of the 6F6 e.c.o. A VR-150 stabilizes the volt- tm. receiver, the signal can be received on
age across the oscillator and modulator and a conventional receiver by reducing the devi·
aids materially in keeping the mean frequency ation at the transmitting end and tuning the
constant. The grid circuit of the e.c.o. tunes signal off to one side of resonance at the receivfrom 14 to 15 Mc. with a slight margin at either ing end.
end of the tuning range, and the plate circuit
The power lead from the power supply plug
of the e.c.o. is tuned to 28 Me. by using a self- to the final amplifier was shielded because it
resonant coil which is adjusted for maximum showed some traces of r.f. All r.£. should be
output by squeezing the turns together or kept out of the power supply in a rig like this
pulling them apart. Once adjusted, it need not where the oscillator is self-excited, because it is
be touched for any tuning conditions. The likely to roughen the note. When properly ad28-Mc. output of the e.c.o. drives a 7G7/1232 justed, the signal should be a very good T9.
doubler to 56 Me., which in turn drives the If it is still rough with the reactance modulator
output amplifier. With a 300-volt supply, the tube out of its socket, the trouble is in the
final grid current should run about 0.6 mil.. e.c.o.; if it is rough with the modulator tube
under load for linear amplitude modulation. in its socket and the volume control set at
If f.m. is used exclusively, the grid current can zero, the trouble is in the modulator.
run lower with no harmful effect other
than a slight decrease in output of
the amplifier. The 705 final amplifier
is plate neutralized by running a stiff
wire from the plate side of the doubler
tuning condenser over near the open
side of the final amplifier split-stator
tuning condenser. The capacity from
this wire to the stator of the condenser is sufficient to neutralize the final
amplifier, and it is adjusted by snipping off the wire a small bit at a time
until the plate-tank tuning shows no
reaction on the grid current (with
plate and screen voltage off).
No difficulty should be encountered
in adjusting the transmitter other
than spotting the e.c.o. coils to the
proper frequencies. The grid coil
should be adjusted to the proper range
with the reactance modulator tube in
the circuit, and the range can be
varied by pushing the turns together
or spreading them apart, while checking the frequency on a calibrated receiver. The e.c.o. plate coil can best
be adjusted by reading grid current
to the final amplifier (by cutting in a
0-1 milliammeter between Rs and
ground) and adjusting Ls until the
grid current is a maximum with the
oscillator set at 14.5 Mc.
The plate current of the final amplifier will run around 45 mil.. when
FiS· 2908 - A oompleu 112.Mc. f.m. transmitter which, with a
the stage is properly loaded. The
power supply, gives 6 watts output.
loading is varied by changing the po- 300.volt
A quarter.wavelength line is used for the 112·Mc. tank, and the
sition of the "swinging link" fastened load is coupled in through the pick.up loop. Control., from left to
right, are meter switch, oscillator piau tuniug, doubler plate tun.
to the output binding posts.
ing, triplet' grid tuning, OI!Cillator tuning and audio gain. The
When using f.m., the amount of microphone connector can be seen at the right rear of the chassis.
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cuits takes over 100 :tU1l., and that
range of meter is suggested.
The transmitter is built on a chassis
of 7ls-inch aluminum, bent to form a
HU" with 2%-inch sides. The top of
the chassis measures 6 by 12 inches.
Bending the sides gives the chassis
sufficient rigidity, and no additional
bracing is required even though the
oscillator is seif-excited. Reference to
the photographs will give a clear idea
of the distribution of parts, and no
lengthy description is necessary. The
oscillator tuning condenser Cl is fastened directly to the chassis, and condensers C2 and Ca are mounted on
National XS-6 lead-through bushings
which support the condensers but insulate them from the chassis. To retain short leads in the oscillator and
still make the panel controls symmetrical, it was necessary to offset the
extension shaft controlling CIt but one
of the new Millen 39001 flexible couplings does a good job of turning the
corner without back-lash. Condenser
C4 is mounted on the two end-plate
spacing bars and, fortunately, lines up
with the other shafts. Panel bushings
are used on the two extension shafts
to keep the controls rigid.
The oscillator coil is wound on a
I-inch diameter bakelite form (Millen
Fig. 2909 - This view of the transmitter shows the constrnction 45000 or National XR-2) and is supoithe coils. The coil in the rear left-hand comer is the oscillator plate ported above the chassis by a halfcoil; the coil in the eenter front is the tripler grid coil, mounted on
Victron bushings. The oscillator grid coil is mounted inside the inch brass sleeve over the mounting
shield can. The metal tube at the right of the shield can is the 6L7 screw. The shield for the oscillator
modulator; tbe tuhe to the left of the can i. the oscillator.
coil was made by cutting down an old
straight-sided, 2-inch diameter tube
A I12-Me. F.M. Transmitter
shield. The oscillator plate coil, L,., is selfAlthough the transmitter just described can supporting and is mounted on the base of an
be used to drive a doubler and amplifier to 112 old coil form which has been cut off at the botMc. (see Figs. 2816-2819), a different ap- tom and plugs into a tube socket. The doubler
proach is made in the transmitter shown in plate coil, La, is also self-supporting and is
Figs. 2908-2911. The e.c.o. working on 9.33- mounted directly on the tuning condenser,
9.67 Mc. and doubling in the plate circuit to while the tripler grid coil, L4, and link are self18.66-19.33 Mc. is conventional, as is the supporting and mount on the National Victron
doubler which follows it and gives output from type TPB bushings. They can be soldered di37.33 to 38.66 Mc. However, this energy is rectly to the ends of the posts instead of threadused to drive an RK34 connected in push-pull ing the support and using nuts as shown in the
which triples to the 112- to 116-Mc. range. photographs.
The final tank circuit is made of quarter-inch
The use of the balanced push-pull tripler stage
and a quarter-wavelength line instead of a coil copper tubing spaced J4 inch. It is supported
and condenser in the output circuit results in at the base by a copper strap in which two
good efficiency and an output of approxi- holes have been drilled to take the tubing and
mately 6 watts on 112 - Me. The reactance the tubing has been soldered in. If one soldering
modulator across the grid circuit of the e.c.o. iron won't furnish enough heat for the job,
borrow another and run them both on the
is conventional.
A meter switch is provided for metering the work. The tubing should first be straightened,
oscillator plate circuit, doubler grid circuit, and then cleaned with polish. After the tubing
doubler plate and screen circuit, tripler grid cir- has been soldered to the strap, two National
cuit and tripler plate circuit. None of the cir- metal-tube grid caps can be run down the tub-
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ing to the copper strap and soldered tQgether
when in position near the strap 80 that their
spacing will be correct. The tubing can then
be bent over in a loop so that the ends will
come down near the plate caps of the RK-34.
The copper base strap at the bottom of the
tank is supported by bolting it to two feedthrough bushings. The grid caps used to connect to the RK-34 are connected to the end of
t,he tank by inch lengths of flexible copper
braid soldered to the grid caps and the copper
tUbing. The flexible connection is to be preferred to a more rigid one in case of expansion
or other strains on the RK-34.

Modulation

The hairpin coupling loop is made of VB-inch
copper tubing bent to the proper shape and
soldered to two banana plugs which fit into jack
top binding posts such as the National PW A.
The binding posts are mounted on a Victron
strip and, besides affording a support for the
coupling loop, make convenient terminals for
the antenna wires or link line to a following
stage. Coupling is adjusted by bending the
loop away or towards the tank line until the
proper loading is obtained.
One side of the heaters of the tubes is
grounded to the chassis. The power supply
leads are brought out at the rear of the set
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Fig.291l
A view
underneath the chassis
shows the location of
parts. The microphone
transformer is at the
lower right. right fl .. xt
to

the

micropbone

connector. The small
3·",,(d. condenser used
in t be modula tor can
be 8eeo to the left of
tIle transformer, and
direetly above i. the
oscillator tuning eon ..
denser. Ti,e power
cahle run. out the
back o( the ~et at the
low... r le(t.han,1 corner;
the twi-ted pair taken
out the same hole goes
to the meter.

through a rubber bushing - one wire for B
minus and the grounded side of the heaters, a
second for B plus and a third for the other side
of the heaters. The fourth wire of the cable goes
to the microphone battery, if a carbon microphone is used. A twisted pair goes to the meter.
The leads from the microphone jack and from
the volume control to grid and transformer are
shielded to avoid any d. pick-up. The .J1-watt
resistors used in the metering circuits are
mounted directly on the two-gang, five-position
switch used for meter switching.
If the coil dimensions have been followed, no
trouble should be experienced in adjusting the
frequency range of the transmitter. The 6L7
and two T21's should be placed in their sockets
and a power supply giving about 250 volts
should be connected to the set. A 300-volt
supply could be used, but it is well to adjust
the coils at a lower voltage. An all-wave receiver is quite handy for checking the frequency of the transmitter and will save
considerable time in adjusting the circuits.
When the power is applied and the meter
switch set to read oscillator plate current, a dip
should show as the oscillator plate circuit is
tuned through resonance, indicating oscillation. The all-wave receiver should be tuned to
9.5 Me. and it should be possible to pick up the
signal by tuning the grid circuit of the e.c.o.
When it has been ascertained that the grid
circuit will tune the range 9.3 to 9.7 Mc., the
oscillator plate circuit range should be checked
by tuning for a dip in current over this range.
The T21 doubler should be in the socket at this
time because the input capacity is high, and if
the coil is adjusted with the following tube out
of its socket, it will be found that the circuit
will not tune to resonance when the doubler
tube is plugged in.
When the oscillator coils have been adjusted

41 0

to cover their proper ranges, the meter should
be switched to the doubler plate circuit and
resonance checked here. Then, with the RK-34
in the socket but with the plate-voltage wire
disconnected at the base of the plate tank, the
RK-34 grid circuit should be checked for resonance by watching the RK-34 grid current.
It will be found that the T21 plate circuits tune
broadly but the RK-34 grid circuit tunes quite
sharply. When grid current is obtained in the
RK-34 (of the order of 10-12 rna. with 250
volts on the T21's), plate voltage can be applied to the RK-34 and the slider moved up
and down until the RK-34 plate current dips
sharply. The slider has plate voltage on it, so
move it with a small piece of wood or some
other insulating material and keep one hand in
your pocket. With the oscillator on 9.5 Mc.
and the other circuits tuned to the proper harmonics, the resonance dip should be obtained
with the slider about one inch from the bottom.
Any great discrepancy from this indicates that
the wrong harmonic has been picked up somewhere along the line, but no serious trouble
should be encountered if the coil data have
been followed. The cathode resistor prevents
the plate current from running too high in the
off-resonance condition and should not be
omitted from the circuit.
When all circuits have been found to resonate, the 300 volts can be applied to the set
and, if everything is working properly, you
should run about 100 rna. screen and plate
current on the T21 doubler, and 12 to 15 rna.
grid current on the tripler and, with no load,
the tripler plate current should he about 20
rna. A small dial lamp connected to the
coupling loop should light up brilliantly. It was
found that the final could be coupled up to
about 60 rna. plate current before the output
refused to increase with increased loading, but
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at this input the output was about 6 watts,
indicating excellent efficiency for the triplerat
this frequency. Loadings will change the tuning of the final tank slightly.
When the rig is putting out well, it is only
necessary to connect a single-button microphone to the connector and put the microphone
batteries in the circuit. If a Iower-output
microphone is used, a stage of amplification
will be required, and the output of the amplifier can be coupled to the modulator through a
200- or 500-ohm line. Listening to the signal
on as high a harmonic as the all-wave receiver
will go should yield a signal that, when modulated, is just not quite understandable but
which obviously is being spread out quite a
bit under modulation. With no modulation, a
T9 signal should result, and if any ripple is
present it must be eliminated or else there will
be bad hum on the carrier. More filter can be
added to the power supply and a 0.1-J.'fd. condenser connected between oscillator heater and
ground. (Bib. 3)

plifier), the system can be used for the reception of a.m. andf.m. signals in the 43-Mc. band,
a.m. and f.m. amateur signals in the 56-Mc.
band, and Lm. and a.m. signals in the 112-Mc.
band. If you can get the fellows you work on
112 Mc. who are using modulated oscillators
to cut down their modulation (and thus bring
their frequency deviation down to a reasonable
range), the system makes a grand receiver for
the reception of modulated oscillators, and even
the smallest transceiver will sound many times
better and save audio power as well.
As can be seen from an examination of Fig.
2914, two stages of high-gain amplification
using Type 1852 tubes are unconventional
only in that resistors are used across the transformer windings, to widen the pass band, and
no gain control is included. No control of gain
is required because it is always desirable to
work the stages preceding the limiter at their
highest level. The limiter stage uses a 6SJ7.
with provision through Rl8 to control the plate
and. screen voltage to set the limiting action to
meet operating conditions. The use of a grid
leak and condenser, R 16, and C7, and low
screen and plate voltage allows the tube to
saturate quickly, even at low signal levels, and
the tube wipes off any amplitude modulation
(including noise) and passes only frequency
modulation. For a.m. reception, the audio
system is switched, by SWI, on to the grid leak,
R16. and the grid and cathode of the tube are
used as a diode rectifier to feed the audio SY8-

Receivers
As pointed out earlier in this chapter, an
f.m. receiving system differs from an a.m. one
in that the pass band is wider and a limiter and
discriminator are used instead of a second
detector. The front end of an f.m. receiver is
conventional, and any u.h.f. converter can be
used to feed an f.m. i.f. amplifier. A u.h.f. converter is described in Chapter Twenty-Seven
(Figs. 2701-2706). The f.m. Lf; amplifier can be either the U. amplifier
of a broadcast f.m. receiver (of which
there are several available on the
market) or it can be readily built by
the amateur. If the U. system of the
tm. broadcast receiver is used, the i.f.
frequency should be learned so that
the output of the converter can be
tuned to this frequency and coupled
to the grid of the mixer tube in the
receiver.
The Lf. amplifier shown in Figs.
2912-2914 iaa broad-band affair working on 5 Mc. that can be used for
eitherf.m. ora.m. reception by switching the grid lead of the first audio tube
from across the discriminator load (for
tm. reception) to the limiter grid resistor for a.m. reception. Becamle a
wider-band amplifier is required for
f.m. than for a.m., the amplifier is not
so selective as it could be on a.m.
signals. but this presents no particular
difficulty at the present time,with
Fill. 2912 - The 5.Mc. f.m./a.m. amplifier is huilt, complete
QRM presenting a problem only in with power supply, on a 7.inch hy 9·inch by 2·inch chassis. Controls
rare instances. Used with the con- on tbe front, from lelt to right, are audio volume control, B.plu8
switch and limiter control. The awitch on the side is for changing
verter described (or any converter from
f.m. to a.m. and hack, and the jack allows a meter to be
capable of working into a 5-Mc. am- plugged in to read limiter current.
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is a nice refinement. If desired, it can
be left out by simply erasing it from
the circuit.
The amplifier is built on a 7-inch
by 9-inch by 2-inch chassis. Reference
to Figs. 2912 and 2913 will show the
location of the parts on the chassis to
be straightforward and follow in logical order. Alter all of the holes have
been drilled for the various components, the sockets and the transformer
should be fastened in place on the
chassis, leaving off the variable resistors, switches, binding posts, jack and
chokes until after most of the wiring
has been done.
H the amplifier is to be built to use
low-impedance input coupling, the
first i.f. transformer must be modified.
A link winding is made by first winding a short strip of half-inch wide
paper for several turns over the cardboard tubing used as a form in the Lf.
Fig. 2913
A view of tbe top sbows tbe arrangement of parts. transformer. Eleven turns of No. 30
Along the rear, from left to rigbt, are the input transformer, first d.s.c. wire are then close-wound flat
1852, interstage transformer, second 1852 and interstage trans·
former. The second row of tub"", from rigbt to left. are tbe 68J7 around the center of the paper ring.
limiter. 6F6 audio output and VR·150 voltage regulator. Tbe Holding the wire in place with a finger,
transformer at the rigbt front is the discriminator transformer, tbe paint the coil with Duco cement to
6H6 detector is in front of it. The tube to the left of the 6H6 i. the
68F5 first audio. Output terminals. converter power supply Bocket, secure the turns in place. When the
cement has dried, it should be posand llO-volt line cord can be seen.
sible to slip the coil off the cardboard
tem. The jack, J, in series with the grid leak, is form. The plate and B-plus wires are removed
used for plugging in a low-range milliammeter from the trimmer condenser in the transso that the limiter current can be read. The former, and the wires from the plate coil to
limiter current indication is invaluable in the trimmer condenser are disconnected. By
aligning the amplifier, and the meter can be unwinding and cutting off a turn or two of
used as a tuning meter during operation.
paper from the inside of the paper ring, the 11The discriminator circuit uses a 6H6 double turn coil can now be slipped easily over the grid
diode in the conventional circuit. Audio from coil and fastened in position so that it covers
the discriminator (or from the limiter stage, the ground end of the grid coiL A piece of paper
in a.m. reception) is fed through the volume should be slipped between the grid coil and the
control, R 26, into a two-stage audio amplifier ground lead from the grid coil, to avoid any
using a 6SF5 and 6F6 output pentode. The re- possibility of this lead shorting against the
sistor Rll and the condenser C12 in the input of turns of the coil when the paper ring is slipped
the audio circuit serve as a combined r.f. filter in place. The two ends of the link coil are
and a compensating network to attenuate the brought out the bottom of the transformer can
higher audio frequencies. It is necessary to in- and later fastened to the input terminals of the
clude some sort of compensation when listening set.
It is, of course, possible to use the trans·to 43-Mc. broadcast stations, since nearly all of
them use "pre-distortion" (accented higher former as is, by running the plate lead of the
frequencies). A O.01-pfd paper condenser can transformer to the plate of the mixer tube in
be added across the output terminals for fur- the converter, but this makes it less convenient
ther compensation, if it is considered necessary. to use the converter with sharper Lf. amplifiers,
The power supply uses a two-section filter, since it would require soldering and unsolderand an outlet socket is provided so that the ing wires in the converter each time the change
converter power cable can be plugged in. A was made. Further, the long lead to the mixer
VR-150 regulator tube is used to regulate the tube would increase the chances for stray
voltage on the converter, making for additional pickup of signals in the vicinity of 5 Mc.
The usual procedure is followed in wiring the
stability of the converter with changes in line
voltage. The addition of the regulator tube amplifier. One side of the heaters is grounded.
adds little in the way of expense to the am- By-pass condensers are mounted and grounded
plifier and, although not ahsolutely necessary, as close to the associated tube as possible. The
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screen by-pass condensers, CI, C4 and Cs, are
mounted across the sockets so that they act as
a partial shield between the plate and grid of
the tube, as is the custom with single-ended
tubes. Tie-points are used wherever they are
needed for mounting resistors and condensers.
It is recommended that the 1852, 6SJ7 and
6H6 stages be wired first, so that the leads
carrying rJ. can be made as short and direct as
possible. After that, the rest of the leads can be
filled in wherever convenient. The wires from
the audio volume control, R21;, are shielded by
running them over in a single piece of flexible
copper braid. Whenever convenient, spare pins
on sockets were used to support resistors,
condensers, etc.
H the parts list is duplicated, it will be found
that the two variable resistors mounted on the
front of the chassis will not clear the spade
bolts projecting down from the if. transformers
above, and this is easily remedied by cutting
off ;1! inch of the spade bolts before mounting
the transformers in place. Also, in order to
make room for the 6SF5 cathode by-pass condenser, Cu. Bome of the binding post strip for

Ts

the output terminals had to be filed off. A
simpler way would be to mount the bindingpost strip nearer the bottom of the chassis. The
input terminals, a Millen crystal holder, are
mounted on the outside of the chassis so that
they will clear the limiter control. A handy
connector for plugging into this input terminal
can be made from an old 5-prong tube base or
coil form, by sawing across the base and removing the two correctly-spaced pins and their
supporting strip of bakelite.
If you have a source of 5-Mc. signal, such as
a signal generator, aligning the amplifier is a
very easy matter. If you don't already have the
source available, a simple e.c.o. can be built
with the grid circuit on 2.5 Me. and the plate
on 5 Me. using an ordinary receiving pentode
like the 6K7. Or, ff you already have the converter, tune your regular receiver to 5 Me.•
couple in the converter and tune in a steady
signal, such as a harmonic from your transmitter or some other strong signal. The converter
output can now be transferred to the f.m./a.m.
Lf. and the transformers aligned. This is done
by plugging in a 0-1 mao meter in the jack, J,

II~~I

Fig. 2914
Ct, C2, Ca, C4, Cs, Cs, Cs. CI3,
Cra
o.OI,/,fd.,
6oo-volt
paper.
100,/,pfd. midget
C7, CIO, Cll
mica.
Co - 50-/,pfd. midget mica.
CI2 - O.OOI.pfd. midget mica.
CI4, CI7 -lO-/,fd., 25-volt electro.
lytic.
ClG, CIS, CIt - l6-pfd., 450-volt
electrolytic.
RI, R4
55,000 ohms. R2 - 200
ohms.
Ra. Re - 50,000 ohms. R5 - 300
ohms.
R? - 40,000 ohms. Rs, Ru, R22-

75,000 ohms.

Wiring diagram of the 5·Mc. I.m la.m.
Ro, RIO, R16 - 150,000 ohms. RI2,
RI4 - 60,000 ohms.
RIa, RI3 -100 ohms.
R17
25,000 ohms, lO-watt wire.
wound (Ohmite).
RIS
3000-ohm wire-wound potentiometer.
RID
5000 ohms, lO·watt wire·
wound (Ohmite).
R20 - 500 ohms, l,watt.
fuI, RIIa - 250,000 ohms.
Ru - 5000 ohms.
R2a
5oo,000.()hm volume control.
Tl - 5.Mc. input transformer,
modified. See text (Millen
67503).
TI, Ta - 5.Mc. interstage Trans.
former (Millen 67503).

amplifier.
T4 - 5-Me. discriminator trans·
former (Millen 67504).
Ta
700-volt, 90.ma. transformer
with 6.3- and 5-volt wind.
ings.
LI - 9.henry,
85-ma.
choke
(Thordar80n T.13C29).
L2
10.henry,
65-ma.
choke
(Thordarson T.13C28).
SWl
Selector switch, only two
positions ueed (Yaxley
32112-]).
SW2 - On-off switch, S.p.B.t. toggle.
Closed-circuit jack.
]
All condensers are Mallory; all
resistors are Centralab of Y2-watt
rating unless otherwise noted.
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and tuning the trimmers of the transformers
for maximum current. You may have to hunt
around a bit before the meter shows any
indication, but once it starts to read the rest is
easy. With a variable-frequency signal source,
the signal is swung back and forth until some
indication is obtained and then the amplifier
alignment is completed. The exact frequency
of alignment is unimportant as long as every
stage can be tuned through resonance. which
means that each trimmer can be adjusted
through a maximum. reading of the tuning
meter. With the resistors across the circuits, it
will be found that the transformers tune a little
broader than normal, and the correct setting is
in the midpoint of the broad point. Now that
transformers Tl, T2 and Ta are aligned. it
should be possible to switclr SWI to a.m. reception and hear signals. or at least noise if the
converter is on 56 or 43 Mc. There isn't much
noise on 112 Mc.
The alignment procedure can be carried on
with a speaker connected to the output terminals through an output transformer or, if no
speaker is used at this point, the terminals
should be shorted with a jumper of wire.
otherwise the 6F6 may be injured. The meter
for alignment is a necessity, and no attempt
should be made to line up the amplifier by ear
except for very rough initial alignment.
If you live within the range of an tm. broadcast station, adjustment of the transformer T 4
is a simple matter. Switch the amplifier on
a.m., plug in the proper coils in the converter
and tune in the f.m. station. It will sound
pretty awful but don't worry about that.
Switch the amplifier to tm. and tune around
with the trimmers on T 4 until you start to hear
the signal again. This is best done with the
audio gain almost wide open and the limiter
control set at about half scale. The trimmers
are best adjusted with an insulated tool, to
reduce body capacity effects, and they should
be adjusted until the b.c. signal is clearest
and loudest. It will be found that one of the
trimmers (plate circuit) will affect the volume
mostly, while the trimmer in the grid circuit
will have the greatest effect on the quality.
During this period of adjustment, the receiver
is kept tuned to the signal as indicated by
maximum limiter current. If one is available,
an audio output meter can be used to determine maximum audio output, although it is not
an essential.
In the event that there is no localf.m. broadClLBt station, the only alternative is to line up
the discriminator on an f.m. signal from an
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amateur station or, lLB a IlLBt resort, from a2}2meter modulated oscillator. ,The disadvantage
with the self-excited u.h.f. oscillator is that it
is usually modulated too heavily and it doesn't
stay on one frequency long enough to allow the
amplifier to be aligned.
The final adjustment of the discriminator
tuning can be checked by tuning in an a.m.
signal. If the discriminator is properly tuned,
the audio output (signal and noise) should
practically disappear at the point that the
signal as indicated by limiter current is a
maximum. This is an indication that the discriminator characteristic crosses the axis at
the mid-resonance poinj; of the amplifier. Tuning the signal (by tuning the converter), it
should be possible to understand the audio output at points either side of this minimumvolume setting. These points shOUld appear
symmetrically on either side of the minimumvolume point and should have about the same
volume. Slight readjustment of the discriminator-transformer settings will bring this
about.
When using the amplifier, it will be noted
that the a.m. signals appear to give louder
signals than those from f.m. stations, comparing audio-volume-control settings on stations
showing equal limiter current. This doesn't
indicate that the amplifier isn't working
properly nor does it indicate that more audio is
obtained from an a.m. signal than from an f.m.
signal of similar strength. It is. however, an
indication that the discriminator characteristic
could have more slope to it and not have its
peaks so far apart. We mention this simply to
forestall any inquiries on the part of amateurs
experimenting with f.m. amplifiers. As discriminator-transformer construction is improved,
this apparent shortcoming will disappear.
The performance of the amplifier on a.m. reception could be improved somewhat by the inclusion of a.v.c. on the two 1852 tubes, taking
the a.v.c. voltage from the limiter grid leak
through the usual filter circuit. However, this
WlLB considered an unnecessary refinement because the amplifier will be used primarily on
tm. reception and the provision for a.m. reception WlLB considered of secondary importance. The amplifier should run "wide open"
on f.m. reception. (Bib. 4)
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Antennas for the. U.H.F.
Simple and Directive Systems for Use from 28 to 224 Me.

U

LTRA-HlGH-FREQUENCT transmission and
reception differs from lower-frequency work
in that it is normally carried out by means of
semi-optical transmission paths, and it is only
on rare occasions that the "sky wave" ever
returns to earth and enables long-distance
transmission to take place. This is not true, of
course, for the 28-Mc. band, where world-wide
communication is a regular occurrence during
certain parts of the sun-spot cycle. In any
event, it is desirable on frequencies higher than
28 Mc. to concentrate the radiated energy as
close to the horizontal plane as is practically
possible.
On the ultra-high frequencies, signals sent
from a vertical antenna (vertically polarized)
can only be received well on a vertical antenna,
and signals from a horizontal antenna (horizontally polarized) are only received well on a
horizontal antenna. Vertical antennas seem to
be more common than horizontal ones on the
ultra-highs, although there is some evidence
that the horizontally-polarized waves provide
better signals over long indirect paths.
It has been found that directive antenna
systems will extend the operating range on
56-Me. to such a degree that suitable communication can be carried on with a directive
system where no signal could be put through
with a simple antenna. Because of the small
physical dimensions of antennas on these
ultra-high frequencies, and because of their
advantages. there is practically no reason why
the u.h.!. antenna should not be a directive
affair, except possibly in the case of mobile or
portable work. Since the only radiation effective at these frequencies is at quite a low angle
with respect to the ground, every effort should

be made to concentrate the radiation as near
to the horizontal as possible.
It is desirable to keep the Q of the u.h.f.
antenna as low as possible, because the bands
are proportionately wide and a high-Q system
could not be made to take power except over
a small portion of the band. "Q" simply
relates to the sharpness of resonance of the
antenna - a high-Q antenna is one of low
radiation resistance and consequently a sharp
resonance characteristic. Close-spaced arrays
with either driven or parasitic elements are to
be avoided because of their high Q. and only
the arrays with quarter- or half-wave (or
greater) spacing should be used.
The Q of an u.h.r. antenna can be lowered
(and thus permit working more readily over
the whole band) by using heavy wire or even
copper tubing for the elements. Copper tubing
of one-inch or even greater diameter is not too
unwicldy for the elements of a 56- or 112-Mc.
array, and it has the further advantage that
self-supporting elements can be used, avoiding
any possible loss due to poor insulation at the
voltage loops.
It is particularly important that the u.h.!.
antenna be placed in the clear and as high as
possible. The field strength at a distance is
dependent on the height of the antenna, and
adding height is like getting more watts output
from the transmitter.
Tuned lines can be used to feed the u.h.f.
antennas, but untuned ones are recommended,
used with suitable matehing systems. If an
open-wire line is used, either tuned or untuned,
it should be carefully balanced as to length,
and the spacing should not exceed 4 inches.
Coaxial line is excellent for feeding u.h.f.

Fig. 3001
Two methods of feeding
a simple vertical radiator. That shown
at A i. with a tuned line, while B shows
a 56.Me. antenna with delta match. The
dimensions arc approximate and may be
subject to some sligbt modification if it
is found tbat coupling tbe feeders to tbe
tank coil changes the tuning considerably. The 2.foot dimension may have to
he changed slightly, to effect a better
match, by tapping tbe line at sligbtly
different points than sbown in tbe sketch.

A
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450 • oIJl1'I /Jilt!.
to tronsmitter

can be more readily balanced and remain balanced over the whole band. Tuned feeders can
be run to the center of the radiator, or a delta
match can be used with an untuned transmission line. Fig. 3001 shows suggested methods
of feeding a half-wave radiator for the ultrahigh frequencies.

antennas. Feed lines should be carefully balanced and made with small spacing to reduce
the radiation from the line, since it can become
quite serious at these frequencies.
Hall-Wave Antennas

Although directive systems are undoubtedly
the most effective, good results can be obtained
with simple half-wave antennas. They are normally used vertically, so that the radiation will
be vertically polarized. Although it is more
convenient to end-feed a vertical antenna,
center-feed is preferable so that the feed line

Simple Collinear Antennas

By placing a second vertical element above
the first, a collinear antenna results which will
give increased low-angle radiation and consequently greater signal strength. Fig. 3002
shows two methods of feeding a type of col.
linear array known as the "extended double
Zepp." This antenna has considerable gain
over two simple half waves stacked above each
other and, since the difference in required
space is not great, its use is recommended over
the stacking of two half-wave elements. The
twisted-pair type of transmission line will have
greater losses than the open line, but it radiates less and is sometimes more effective.
The elements can be made of copper tubing
and supported on the side of the pole by standoff insulators, or the antenna can be of wire
suspended from a suitable support. (Bib. 1)

Fif!,. 3003
The 56·Me. antenna at W2USA. dimen.
sions of which are given in Fig. 3002.
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Fig. 3002 - Two method. of feeding
an "extended douhle Zepp" type of col.
linear array. The dimensions given are
for the 56·Me. hand, and should he
halved for 112 Me. The 450·ohm line can
he made of No. 12 wire spaeed 2 inches.
The stuh should he adjusted until there
is a minimum of chan ge in the final tank
circuit tuning when the liue is coupled to
the transmitter.
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The Coaxial Vertical Radiator
If only a single vertical radiator can be used,
and it is necessary to run the line for 30 feet or
more, serious thought should be given to the
use of coaxial-line feed. It is doubtless the best
method of feeding a simple antenna, as testified
to by the many police and other u.h.!. installations where no horizontal directivity is desirable but where a maximum of efficiency is required. Although it is possible to run the
coaxial line directly to the center of the antenna with no modifications, it is much better
to use the method shown in Fig. 3004. This
amounts to feeding the antenna at the center
with coaxial line but short-circuits the possi-

Antennas for the U.H.F.
bility that the whole coaxial line may act as a
vertical radiator, resulting in high-angle radiation and loss of signal strength. The wire extends a quarter wavelength above the juncture
of the line and the outer sheath. Because there
is no field in the inside of the sheath, the coaxial

Mutator
_#0.14 wire

.-,/ solder here

Fig. 3004 - The coaxial vertical radiator is one of the
most efficient methods for feediog a vertical half.wave
antenna. The wire above the sheatb is a quarter.wave.
length long, and tbe sheath is also a quarter.wavelength
long. The sheath and wire combine to form a half·wave
radiator, and tbe concentric line feeding the system
works to best advantage because of the way it is intro.
duced. If desired, a borizontal ground screen Or radial.
wire counterpoise can be iostalled just below the bottom
of the sheath (but Dot connected to it) to increase low.
angle radiation. Tbe entire system should be mouoted as
high as possible. (The sketch of the antenna is one of the
systems used at W8PK.)

line can run up through it
with no harmful effects.
This antenna is used in
many amateur and corn·
mercial installations and
always results in increased
signal strength over that
obtained with a singleh'alf-wave antenna and
any other type of feed.
The coaxial line should
have an impedance of
around 70 ohms, although
this is not critical and
can range up to 120 ohms
without too serious a mismatch. (Bib. 2)
Phased Arrays
Fig.3005-Aprac.
tical coaxial vertical

radiator, used at

W6GPY

00

325 Me.

Principles other than
stacking can be used to
obtain greater gains from
the u.h-f. antenna, and
both the "broadside" and

"end-fire" types of arrays have been used at
many stations. One simple application of the
"end-fire" principle is shown in Fig. 3006. Two
lengths of copper tubing are bent to form a
"pitchfork" a half-wavelength long (down to
the bend) and with anything from a quarter- to
an eighth-wavelength separation. The wider
separation will give a lower-Q system and
should be used if a matching system of some
kind is used or if the feed line has to run for
more than several wavelengths. The closer
spacing gives slightly greater gain. The end·
fire antenna of Fig. 3006 is particularly simple
to construct by supporting the two vertical
elements of copper tubing from the top of a
single vertical pole and running the feed line
down the pole. If the pole can be made to
rotate 90°, full advantage can
be taken of the directivity of
the simple system. While it
will not show as sharp a lobe
as the broadside type of
array, it will show a very definite null which is useful in
reducing QRM in congested
areas. Its pattern is similar
to a figure" 8," with the nulls
broadside to the plane of the
elements.
The broadside arrays, described in Chapter Twentyfour, give good gains and are
not too difficult to construct.
Several practical applications
are shown in J;'igs. 3007-3009.
The elements can be of wire
or copper tubing, and the assembly can be simplY wires
hung from a rope stretched
between two supports or it
can take the form of a more
permanen t structure, as
shown in the photographs.
Fig.3006-A
simple form of
end-fire array as
used at W2JCR.
Tbe two coppertubiog elemente
are curved in and
run dowo the
pole to form part
of the feed line.

The "Corner" Reflector
Antenna

A type of antenna system
that differs somewhat from
any previously described, and
one that is particularly well·
suited to the u.h.f. ranges
above 56 Mc., is the" corner"
reflector shown in Fig. 3010.
It is simply two plane surfaces set at an angle
of 90°, with the antenna set on a line bisecting
this angle. The distance of the antenna from
the vertex should be 0.5 wavelength, but some
compromise designs can be built with closer
spacings (see Table I). The plane surfaces do
not need to be solid, and can most easily be
made of spines spaced about 0.1 wavelength
apart. The spines do not have to be con-
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Fig. 3007 - The 4 half. waves in
phase with reflectors at W7FDJ,
iUmtrating how straightforward
can be tbe construction of a beam
antenna for u.b.f.

ultra-high frequencies, A pos-

nected together electrically.
The resistance of the antenna is raised when a corner
reflector is used, and this
greatly simplifies the problem
of feeding. The feed line should
be run out at the rear of the
reflector, or it can be run
through the side. It is, however, preferable to keep it
as symmetrical as possible, to
avoid any unbalance. Two
simple antennas that can be
used with the corner reflector
are shown in Fig. 3011.
The corner reflector can be
used with the antenna either
horizontal or vertical, and the
plane of polarization will be
the plane of the antenna. The
relative positions of the antenna and reflector must remain the same, however,
which means that a support for both horizontal
and vertical polarization would require a means
for rotating the reflector about its horizontal
axis. (Bib. 3)

sible exception to this rule is
the antenna of Fig. 3006,
which, while shown with
quarter-wave spacing, can be
used with spacing as close as
one-eighth wavelength when
tuned feeders are used. The
gain will be slightly higher
with the closer spacing but
the antenna must be built
more rigidly because the closer
spacing will make relative motion of the elements more
noticeable.
FeedinS the U.H.F. Antenna

Close spacing and balance
are important factors in u.h.f.
feeder operation so that the
radiation from the line will
be minimized. For this reason,
the coaxial line is doubtless
the best type of feed for the
u.h.f. antenna, but the openwire line is quite effective if
care is taken in its construc-

Other Types of Antennas

Close-spaced arrays with either parasitic or
driven elements are not recommended for the
TABLE I
Frequency

Band

Number
Spacing
Spacingo! of Drivel
Length Length of
of
Reflector
Redeclnr
Dipole
Reflector
of Side
Element. Element. Elements to Vertex

--224-230 Mc.
(IX!: meter)

4' 2"

112-116 Me.
(2);i meter)

8' 4"

112-116 Me.'
(2);i meter)

6'811

4' 1"

20

5"

2' 2"

--- --- --5' 2"

20

10"

5' 2"

16

10"

4' 4"

--- --- --- --3' 6"

--56-60 Me.
(5 meter)

16' 8"

56-00Me."
(5 meter)

13' 4"

10' 411

20

I' 8"

8' /1'

10' 4"

16

l' 8"

6' 111t

--- --- --- ---

TabU. I. - Dimensions of .quare..:orller reflector for
tbe 224., 112., and 56.1\1 c. bands. Alternative designs
are listed for tbe 112. and 56·Mc. band •. Tbese designs,
marked (0), bave fewer relledor elements and sborter
sides, but the elIectiveness i. only slightly reduced.
Tbere is no reflector element at tbc vertex in any of tbe
designs. The construction is shown in Fig. 3010.
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Fig. 3008 - An antenna electrically similar to tbe one
in Fig. 3007, this antenna at WIAZ is built to witbstand
any kind of weather, and bas slip rings in the feeders to
allow continnous rotation.

Antennas for the U.H.F.
tion. Low.impedance twisted pair lines, and
solid rubber insulated concentric lines are not
to be recommended, although they will not be

bad for short distances. The desirable type of
coaxial line is one using ceramic beads or some
other good material for insulation.
If a matching section is used, it should be
symmetrical and loaded on both sides, to maintain current balance in the matching section.
If, for example, a single vertical antenna is fed
at the bottom by a quarter-wavelength matching section, any radiation from the matching
section (due to current unbalance) will combine with the radiation from the antenna to
result in a raising of the vertical angle of
radiation. Less trouble with feeder radiation
will be experienced with any symmetrical sys-

~l1

r
L

"95 2

450

Two
wireatlIne
tuned
transmitter

to 500/

ohm

IlIle

(#0./2 WIre,

spaced

2")

5-.1
B

A

Fill. 3011 - Dipoles suitahle for use with the corner
reflector antenna system. The length L is 25 inches for
224 Me., s= 1 inch for the same band.

Fig. 3009 - The 112.Mc. array at W2CUZ uses two
collinear sets of three broadside driven elements, backed
by parasitic reflectors. This type of construction allows
rotation of the system.
Spacinqol

dnven dipole

to vertex

Reflecu,r elements

tem, which simply means a system with equal
amounts of wire each side of the end of the
feeder.
Methods of coupling the transmitter to the
feed line are shown in Fig. a012. At C, the link
line running from the transmitter to the antenna tuning unit should be made of No. 12 or
14 wire spaced a half inoh or so.
Len~th

lIeflector

element

Tie wIre

c

Length (inches) "" =-_5_5.,.,40,-,,-.,Freq. (Mo.)
Freq. (Me.)

Oriven%.

element Or
d;pole

B
Fig. 3010 - Detail. of construction of a corner
reflector antenna system with grid-type reflector. Tbe
reflector elements are still wire or tubing. The dimen.
sions are for 224 Me., and should he doubled for 112 Me.
(See Table 1.) The gain of the system is close to 10 dh.

of Eleznenta

The formula given for the length of a halfwave antenna on the lower frequencies must be
modified somewhat for 56 Me. and higher be.
cause of the greater" end effect" at these fre.
quencies. The length of a half-wave element
can be found from

56.0
57.0
5S.0
59.0
60.0
112
114
116

TABLE II
Hal/-Wave
Radiator
s' a"
S' l~"
S'
7' 10"
7' S~"
41 1~"

4' ~"

at

l1~"
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Hal/-Walla
Open Lina
s' 7"
S' 5"
8' a"
8' l~"
8'
4' a~"
4' 2~"
4' l~"
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Feet! fme

......... (A)

~5_
*

(B)

Pig. ,~012
Three types of coupling to feed lines. Those at A and B are used with untuned lines or coaxial line,
and that at C is used with either tuned or untuned lines. If a tuned feeder is used, the taps on the coil (in C)
should be moved out to the ends of the coil.

The length of a half-wave section of openwire line is still

57~~ c. )'
req.
For ready reference, typical lengths are
tabulated in Table II for the 56- and 112~Mc.
bands.
A quarter-wave radiator or open line will
Length (inches) "" F
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be half the length of the half-wave value.
A reflector element should be spaced a
quarter-wavelength back of the radiator and its
length made the same as a half wavelength of
open line for the same frequency.

CHAPTER THmTY

Bibliography
1. Lynch, Nov., 1939, QST. 2. Lonl!. Jan., 1939,
QST. 3. Kraus, Nov. 1940, QST.

Operating the Station
Operating Routine and Practices
Emergency ProcedureA.R.R.L. Activities

THE

transmitter should be adjusted for
satisfactory, stable, operation. Do not try to
work too near the edge of an amateur band.
Keep well witkin the estimated accuracy of
your frequency measuring equipment and
means of measurement. Check frequency often. Crystal control provides a certain degree
of "frequency insurance" but do not omit
checks for harmonics and parasitics that may
be present with the signal, as well as for
frequency changes due to quartz temperature
or circuit element capacities if near a band
edge. Other control methods require tremendously increased precautions. F.C.C. monitoring stations are on the job of checking notes,
frequency and other possible discrepancies, so
it pays to be watchful.
Method in operating is important, and in
tb.is chapter we shall discuss the common
practices. The good operator does not sit down
and Bend a long call when he wants to work
someone. He listens in. He covers the dial
thoroughly. The fellow that is admired for his
good operating is the one who is always calling
some particular station instead of using CQ.
Because he listens until he hears someone to
work and then goes after him, our good operator
gets his man nearly every time. A good operator chooses the proper time to call, he makes
plain signals, and he does not call too long. A
short call is sufficient because if a station does
not get the call it is likely that he is listening to
another station. A long call makes the receiving operator lose patience and look for someone
else.
Pride in technique is the earmark of the
successful amateur among his fellows. Code
proficiency sets apart the real seasoned operator from the one who builds equipment
only to tear it apart again. Engineering or
applied common sense are essential to both the
operator and experimenter. Operating ability
is just as essential and important in radiotelephone operating as in code work
perhaps it is more essential and more rare, for
understanding of phonetics must contribute
to conciseness with careful system, as in the
airways service, for effective two-way work.
The penalty for not having" what it takes" in
operating is ineffectiveness in results, as well
as to win the name of "lid" by bungling.
Too often the beginner-operator operates
his set like a plaything; the aim should be to

operate with a serious and constructive purpose, not for novelty or mere entertainment.
It must be remembered that radio communication is not an individual plaything but the
interference one causes may affect many
others. It may cause pleasure or expressions of
annoyance depending on the care and thoughtfulness with which one operates. All of this
merely to introduce the plea that time be given
to the brief study of operating technique before
going on the air.
Many the amateur who complains about his
results or blames his equipment when the
real fault was with proper timing of calls and
failure to do enough intelligent listening. Patience and judgment, and familiarity with
tuning methods and ways, and standard
procedures are absolutely essential to full
success and enjoyment.
The operator who sends forty or more CQ's
and signs two or three times in a slipshod
manner gains the respect of no one. His call
may be impossible to identify. His lack of
operating judgment seriously impairs and
handicaps his own success and enjoyment in
addition to causing other amateurs to form an
unfavorable opinion of his work and the
uncalled-for interference he creates. By proper
procedure the number of two-way contacts
(QSO's) and the enjoyment and profit in each
will be a maximum.
The adjustment on the receiver has much to
do with successful operation, too. The good
receiving operator notes the dial setting and
when he has completed calling in proper fashion, he waits a moment and then tunes above
or below the logged dial setting iust in case
something has shifted slightly in the receiver
or transmitter. The best operator has patience
and waits a few minutes in case of delay at the
transmitter or in case fading signals make a
second answer necessary. Upon the station
and its operation depend the possibility of
good communication records.
An operator with a clean-cut, slow, steady
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."
Accuracy is of first importance. Then speed
must be considered. Very often, transmission
at moderate speeds moves traffic or insures
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understandable conversation better than fast'
sending. A great deal depends on the proficiency and good judgment of the two operators
concerned. Fast sending is helpful only when
two fast operators work together.
As time is a factor, uniform practices in
operating are necessary to insure a ready understanding. So proficiency in the commonlyused abbreviations and in knowledge of
uniform operating practices is to be desired.
Proficiency comes with practice. In the Appendix are the" Q" signals and some abbreviations
used by amateur operators.
Procedure

Official A.R.R.L. Stations observe the rules
regarded as "standard practice" carefully.
Any actively-operating stationB will do well to
'copy these rules, to post them conspicuously
in the station, and to follow them when
operating.
1. Calls should be mad!' by tranRmitting not
more than three time8 the call signal of the
station called, and DE. followed by one's own
call signal sent not more than three time8, thus:
VE2BE VE2BE VE2BE DE WIAW WIAW
WIA W. In amateur practice this form is
repeated completely once or twice. The call
signal of the calling station mU8t be inserted at
frequent intervals for identification purposes.
Repeating the call signal of the called station
five times and signing not more than twice has
proved excellent practice in connection with
break-in operation (the receiver being kept
tuned to the frequency of the called station).
The use of a break-in system is highly recommended to save time and reduce unnecessary
interference.
The A.R.R.L. method of using the general
inquiry call (CQ) is also that of calling three
times, signing three times, and repeating three
times. CQ is not to be used when testing or
when the sender i1; not expecting or looking for
an answer. After CQ, the dial should be covered thoroughly for two or three minutes
looking for replies.
The directional CQ: To reduce the number
of useless answers and lessen QRM, every CQ
call should be made informative when possible.
Station~ desiring communication should follow
each CQ by an indication of direction,. district,
state, continent, country or the like. International prefixes (Appendix) may be URed to
identify a particular country. Examples:
A United States station looking for any Caoadian amateur
cnlls: CQ VE CQ VE CQ VE DE WlUE WIUE WIUE
K. A western station with traffic for the east COast when
looking for an intennediate relay station calls: CQ EAST
CQ EAST CQ EAST DE W5CEZ W5CEZ W5CEZ K. A
station with m.....g... for points in M"""achusetts calls: CQ
MASS CQ MASS CQ MASS DE W8KKG W8KKG
W8KKG K. In each example indicated it is understood that
the combination 11!led is repeated three times.
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2. AnsweriD8 a call;

Ct\U three timea (or

less); send DE; sign three times (or less); and
after contact is established decrease the use
of the call signals of both stations to Oneil or
twice. Example:
WIGNF DE WIAW GE OM GA K (meaning. "Good
evening, old man, go abead").

3. Endins signals and sign off: The proper
use of AR, K and VA ending signals is as follows: AR (end of transmission) shall be used
at the end of messages during communication;
and also at the end of a call, indicating when BO
used that communication is not yet established.
In the case of CQ calls, the international regulations recommend that K shall follow. K (invitation to transmit) shall also be used at the end
of each transmission when an8wering or working
another station, carrying the significance of
"go ahead." VA (or SK) shall be used by each
station only when signing off, this followed by
your own call sent once for identification
purposes. VA (end of work) sent alone, or for
clarification followed by a single (never more)
"CQ DE-----," indicates to others that
you are through with the station which you
have been working and will listen for whomever wishes to call. Examples:
(AR)
G20D DE WICTI AR (showing that WICTI
has not yet gotten in touch with G20D but has called and is
now listening for his reply). Used after the signature between
messages, it indicates the end of one message. There may be
a .light pause before starting the second of the series of
messages. The courteous and thoughtful operator alloW'll
time for the receiving operator to enter the time on the
m.....ge and put aoother blank in readiness for the traffic
to come. If K is added it means that the operator wishes his
first
acknowledged before going on with the second
message. If no K is heard. preparations should be made to
oontinue oopying.
(K) - ZL2AC DE W6AJM R K. (This arrangement la
very often used for the acknowledgment of a transmiasion.
When anyone overhears this he at once knOW'll that the two
stations are in touch, communicating with each other, that
ZL2AC's trarunnission was all understood by W6AJM. and
that W6AJM is telling ZL2AC to go ahead with more of
what h. has to say.) W9KJY DE W7NH NR 23 R K. (Evi·
dently W9KJY is sending messages to W7NH. The contact
is good. The m ......ge WB8 all received correctly. W7NH tells
W9KJY to "go ahead" with more.)
(VA) - R NM NW CUL VY 73 AR VAW7WY. (W7WY
says "I understand OK, no more now, see you later, very
best regards. I am through with you for now and willlillten
for whomever wishes to call. W7WY signing off.")

"",."age

4. If a station sends test signals to adjust
the transmitter or at the request of another
station to permit the latter to adjust its
receiving apparatus, the signals must be composed of a series of V's with the call signal of
the transmitting station at frequent intervals.
5. When a station receives a call without
being certain that the call is intended for it,
it should not reply until the call has been repeated and is understood. If it receives the call
but is uncertain of the call signal of the send·
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ing station, it should answer using the signal
, , - - ,. (1) instead of the call signal of this
latter station. QRZ1 (see Appendix) is the
appropriate signal to use, followed by your call,
to ask who is calling and get this station to
call again.
6. Several radiograDllil may be transmitted
in series (QSG . . . , .) with the consent of
the station which is to receive them. As a general rule, long radiograms should be transmitted
in sections of approximately fifty words, each
ending with '. - - , . (?) meaning, "Have
you received the message correctly thus far?"
7. Receipting for conversation or traffic:
Never send a single acknowledgment until
the transmission has been entirely received.
"R" means "All right, OK, I understand
completely." When a poor operator, commonly
called a "lid," has only received part of a
message, he answers, "R R R R R R R R R R,
sorry, missed address and text, pse repeat"
and every good operator who hears, raves
inwardly, Use R only when all is received correctly. Example:
When ,,11 the mess"ge haa been received correctly" ahort
call with "NR 155 R K n or .imply "155 K" i. sufficient.

8. Repeats: When most of the message was
lost the call should be followed by the correct
abbreviations (see Appendix) from the international list, asking for a repetition of the
address, text, etc. (RPT ADR AND TXT K.)
When but a few words were lost the last word
received correctly is given after 1AA, meaning
that "all after" this should be repeated. 1AB
for "all before" a stated word should be used
if most of the first part of the copy is missing.
1BN ..... AND ..... (two stated words)
asks for a fill "between" certain sections. If
only a word or two is lost this is the quiekest
method to get it repeated.
Do not send words twice (QSZ) unless it is
requested. Send single. Do not fall into the
bad habit of sending double without a request
from fellows you work.
Do not accept or start incomplete messages.
9. A file of Dlessages handled must be kept,
F.C.C. regulations requiring that they be
maintained on hand at least one year.
10. The operator will never make changes or
aUerations in the tez/s or other portions of messages passing through his hands. However
slight or however desirable such changes may
seem, the changing of a message without proper
authority or without the knowledge of the
originator of the message may be considered
the "unpardonable sin." The proper thing to
do of course is to notify the party filing the
message or the originating station of your
observations, secure permission from the
proper source for making the change by sending It. "service message" or other means. If the

case seems urgent, the traffic should not be
delayed but should be delivered or forwarded
with appropriate notation or service accompanying it.
Activities - Contests
Operating in the amateur bands offers many
thrills. Routine communication is possible, but
even the most consistent and reliable communication by amateur radio is not at all limited
to routine. The" unexpected" is always around
the corner. A pleasant experience may arrive in
the form of unusual DX, a renewed friendship
over the air, a chance to render message service
in some special case, or a sudden communication emergency in which one may playa part.
Special activities are sponsored by the
American Radio Relay League, adding to ham
interest and fraternalism at the same time
opportunity is given for testing station performance over definite periods, making new
friendships and QSOs, and developing operating technique. A.R.R.L. also cooperates with
foreign amateur societies in many jOintly publicized programs for the operating man that
ha ve similar beneficial aims.
Contest activities are diversified as greatly
as possible to appeal to every classification of
amateur interest showing a desire to participate. The most well known of all are the
annual Sweepstakes, and the Field Day, appealing to all groups.
The annual Navy Day Receiving Competition is managed by the A.R.R.L. in late
October, an opportunity for any receiving
ham to check his copying ability and proficiency by getting the telegraphic dispatches
sent from NAA and NPG to amateurs on the
occasion of Navy Day, October 27th. An
"honor roll" in QST and letters of commendation follow this event.
One of the very biggest events of the year
is the annual Sweepstakes Contest which has
potentialities of operating fun and new QSOs
for everybody, the operation extending to all
bands. Each November the rules for this are
announced. A large number of contacts, new
stations, new Sections and other operating
records are always reported in and after the
"SS" and the spirit of fraternalism prevails.
The magic key to open the door to QSOs, new
and old, during the Sweepstakes is a CQ SS,
sent in a snappy manner, by any ham, anywhere in the 72 A.R.R.L. Sections.
In December a Copying Bee has been
arranged. The League offers a special award to
the most proficient. Unusual word and figure
combinations are transmitted at a fairly rapid
speed by tape transmitters from three or four of
the more powerful amateur stations throughout the country. Note the schedules in December QST and report your copy from one of
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these stations to A.R.R.L. Cooperative announcements of operating arrangements with
other societies are often made for December
and January, also.
Of major importance in the League's operating program, is the annual A.R.R.L Field
Day held on a week-end in June, combining
the out-of-door opportunities with the Field
testing of portables. As in all our operating,
the idea of having a good time is combined
with the more serious thought of preparing
ourselves to shoulder the communication load
as emergencies turn up and the occasion requires. A premium is placed on the use of low
or medium power, on portability, and on the
use of equipment without connection to commercial sources of power supply. Clubs as well
as individuals have a major part in this.
WorkinADX
Hams who do not raise DX stations readily may find that their sending is poor, their
calls ill-timed or judgment in error. It is usually
wasted effort for WIVE stations to send CQ
DX. When conditions are right to bring in the
DX, and the receiver sensitive enough to bring
in several stations from the desired locality,
the way to raise DX is to use the appropriate
frequency and to call these stations. Reasonably
short calls, with appropriate and brief breaks to
listen will raise stations with minimum time
and trouble. The reason WIVE CQs do not
raise DX is that the number of U. S. A. and
Canadian hams is so great that it is always
possible for a foreign station to find a large
number of WIVE's calling, without wasting
time on stations not definitely looking for his
station.
A sensitive receiver is often more important
than the power input in working foreigners.
There is not much difference in results with the
different powers used, though 500 watts will
probably give 10% better signal strength at

the distant point than 100 watts, other factors
being the same. It will not do much better than
this because the field strength drops so rapidly
as we get away from the antenna. In working
foreign countries and DX stations you should
be able to hear ten or a dozen stations before
expecting that one of them will hear you call.
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.
General Practices
The signal "V" is used for testing. When
one station has trouble in receiving, the
operator asks the transmitting station to
"QSV" while he tries to adjust his receiving
set for better reception. A decimal point is
often sent by the letter" R." Example: 2:30
PM is sent "2R30PM." A long dash for" zero"
and the Morse C (.. .) for "clear" are in
common use. Figures are best spelled out in
texts, for highest accuracy. An operator who
misses directions for a repeat will send "4,"
meaning, "Please start me, where?" NFT for
"no filing time" is common.
The law concerning superfluous signals
should be noted carefully by every amateur.
Do not hold the key down for long periods
of time when testing or thinking of something
to send. If you must test, disconnect the antenna system and use an equivalent "dummy"
antenna (made of lumped resistance, capacity
and inductance). Send your call frequently
when operating with the antenna. Pick a time
for adjusting the station apparatus when few
stations will be bothered.
Long calls after communication has been
established are unnecessary and inexcusable.
The up-to-date amateur station uses a
"break-in" system of operation and just one
switch controlling the power supply
to the transmitter. The best sending
speed is a medium speed with the
letters quickly formed and sent evenly
with proper spacing. The standard
type telegraph key is best for all-

One of these Proliciency Certificates may
he awarded to ,YOU. Try for it. hy copying
WIA W at 10:30 p.m. E.S.T. on dates announced in QST for monthl~- official qualifying runs. If you can do Vi, 20, 25, 30 or 35
w.p.m. your certificate will so state! Every
F.C.C. amateur licensee is eligible.
The material is sent simultaneously on

1761, 3825, 7280, 14253, and 28,510 kes.
from WIAW. There are practj ce runs 8 tarting
15 minute. to 20 minutes earlier daily, except
Friday. from WIAW.
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round use. Before a.ny freak keys a.re used a
few months should be spent listening-in and
practicing with a buzzer. Regular daily practice periods, two or three half hour periods a
day, are best to acquire real familiarity and
proficiency with code.
No excuse can be made for a "garbled" text.
Operators should copy what is sent and refuse
to acknowledge messages until every word has
been received correctly. Good operators never
guess. "Swing" in a fist is not the mark of a
good operator, is undesirable. Unusual words
are sent twice, the word repeated following
transmission of "?". If not sure, good operators
systematically ask for fills or repeats.
Don't say, "QRM" or "QRN" when you
mean" QRS."
Don't acknowledge any mesaage until you
have received it completely.
Don't CQ unless there is definite reason for
so doing. When sending CQ, use judgment.
Sign your call frequently, interspersed with
calls, and at the end of all transmissions.
Abbreviated standard procedure deserves a
word in the interest of brevity on the air. Abbreviated practices help to cut down unnecessary transmission. However, make it a rule not
to abbreviate unnecessarily when working an
operator of unknown experience.
NIL is shorter than QRU CU NEXT
SKED. Instead of using the completely spelled
out preamble IIR MSG NR e87 WtGME CK
18 MIDDLEBURY CONN OCTOBER e8
TO, etc., transmission can be saved by using
287 WtGME 18 MIDDLEBURY CT OCT 28
TO, etc. One more thing that conserves operating time is the cultivation of the operating
practice of writing down "287 WI UE 6I5P
11/13/37" with the free hand during the sending of the next message.
"Handling" a message always includes the
transmission and reeeipt of radio acknowledgment (QSL) of same, and entry of date, time
and station call on the traffic, as handled, for
purposes of record.
Procedure lor Voice Work

Most broadcasting work is casual and
merely one-way communication while amateur
radio and point-to-point services such as the
airways require the specific attention of the
listener, and receipting for all transmissions.
The International Telecommunications COIlvention and the supplementary regulations
thereto prescribe method and system for time
saving and maximum understandability. The
most effective amateur voice operation conforms closely, where accuracy is the required
objective, and examples of such procedure in
accordance with the universal practice will
be given. The general practices of radio extend
to voice and telegraph alike and may be fol-

lowed with the speCial voice procedure
mentioned.
At the start of ::ommunication the calling
formula is spoken twice by both the station
called and the calling station. After contact is
established it is spoken once only. Examples:
W5QL calls: "Hello W3JZ Philadelphia, hello W3JZ
Philadelphia. W5QL Oklahoma City calling, W5QL Oklahoma City calling. message for you, message for you, come
in plea..,e."

W3JZ replitlll: "Hello W5QL Oklahoma City, hello
W5QI, Oklahoma City. W3JZ Philadelphia answering,
W3JZ Philadelphia answering. send your message, send
your message, come in pleaae6 H

W5QL replies: "Hello W3JZ Philadelphia. W5QL Oklahoma City answering. the message begins, from Oklahoma
City Oklahoma W5QI, number •....... [usual preamble.
address. text, signature, etc.), message ends; I repeat. the
mess..ge begins. from Oklahoma City Oklahoma W5QL
number •••••. [repetition of preamble. address. text. sig.
nature! etc.], message ends, come in please."
W3JZ replies: "Hello W5QL Oklahoma City, W3JZ
Philadelphia answering. your message begins. from Okla·
homa City Oklahoma W5QL numher ...... [repetition of
complete message), end of your message, come in please."
W5QL replies: "Hello W3JZ Philadelphia, W5QL
Oklahom.. City answering. you have the message correctly,
you have the m_age correctly. W5QL Oklahoma City
signing off."

Note that in handling traffic by voice, messages are repeated twice for accuracy, using the
word list to spell names and prevent misunderstandings; The receiving station must repeat
the messagc back in addition. Only when the
sender confirms the repetition as correct can
the message be regarded as handled.
Word List lor Accurate Transmission

When sending messages containing radio
calls or initials likely to be confused and where
errors must be avoided, the calls or initials
should be thrown into short code words:
AB
C
D

ABLE
BOY
CA&r
DOa
E-EA.8Y
F-FOX
G - GEORGE

J

S

JIG
KING
LOVE
M-MIKE
N-NAN
O-OBOE
P - PUP

BAIL
TAmil
UNlT
V-VICE
W-WATCB
X-X-RAY
Y - YOKE

K L-

H-

lIA VE
I-ITEM

TU-

Z-

QGACK
ROT

ZED

Example: W1BCO is sent as WATCH ONE
BOY CA.ST GEORGE.
A somewhat different list can be obtained
from the local Western Union telegraph office
and posted beside the telephone to use when
telephoning messages containing initials and
difficult words. Such code words prevent errors
due to phonetic similarity. Here is the Western
Union word-list:
A-ADAMS
BOSTON
C-CHICAGO

B
D

DENVER

E

IlnwAlJ,D

J

-JOHN

S

K-KING

T
U
V
W

L-LINCOLN
M-MART
N-NEWYORX

F-FRANX

0

G

P-PETER

GEORGE

H-!iEIfRY
I-IDA

OCEAN

Q-QUEEN
R-lIOBElIT
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THOMAS
UNION
VICTOR
--WILLIAM
X-X-RAY
Y-YOUNG

Z-

ZElIO

425

The Radio Amateur's Handbook
Names of states and countries are often used
for identifying letters in amateur radiotelephone work, the possible objection being the
confusion of the names of places with the
station's location. It is recommended by
A.R.R.L. that use of special abbreviations such
as Q code be minimized insofar a$ possible in
voice work, and that full expres~ion (with conciseness) be substituted. O. P.S. have adopted
the Western Union word list as A.R.R.L.
practice for avoiding difficulty with phonetic
similarity. All word lists should be used in
moderation, as necessary in avoiding misunderstanding, and at the end of calls not
more than once.
Using a Break-In System
If you aim to have the best, and every ham
does, you will have break-in, whether of the
push-to-talk or open the key variety, but if you
haven't the ideal installation yet, by all means
operate intelligently and take every advantage
of the other fellow's facilities when break-in is
offered! Break-in avoids unnecessarily long
calls, prevents QRM, gives you 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 makes it possible to listen to most stations while the transmitting tubes are lighted. It is only necessary
with break-in to pause iust a moment occasionally when the key is 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."
For 'phone a push button to put the carrier
on the air only while talking is a compiet('ly
practical device. and amateur 'phone operators
would do well to emulate the push-to-talk
efficiency of the airways operators to improve
conditions in the 'phone bands.
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, effieient,
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. If trouble occurs the sending station can II stand by" (QRX), or it can
take traffic until the reception conditions at
the distant point are again good.
In calling, the transmitting operator sends
the letters II BK," "BK IN," or "BK ME" at
frequent intervals during his call so that stations hearing the call may know that a break-in
is in use and take advantage of the fact. He
pauses at imerval8 during his call, to listen for
a moment for a reply from thp ~tation being
called. If the station being called does 1I0t
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!l.n~wer the oo.llml.ll be oontinued. If the 5tl'tion
called answers someone else, he will be heard
and the calling can be broken off. With full
break-in, transmitter may be remotely controlled so no receiver switching is necessary.
A tap of the key, and the man on the receiving
end can interrupt (if a word is missed) since
the receiver is monitoring, awaiting just such
directions constantly. But it is not necessary
that you have such complete perfect facilities
to take advantage of break-in when the stations you work are break-in equipped. It is
not intelligent handling of a station or cooperation with an operator advertising that he has
"bk in" with his calls, to sit idly by minute
after minute of a properly sent call. After the
first invitation to break is given and at each
subsequent pause turn on your transmitter
and tap your key
and you will find that
conversation or business can start immedia tely.
Keepin/l a Lo~
The F.C.C. requires every amateur to keep
a complete station operating record. It may

KEEP AN ACCURATE AND COMPLETE
STATION LOG AT ALL TIMES! THE F.e.C.
REQUIRES IT
Tbe official A.R.R.L. log is sbown above, answering
every government requirement in respect to station
records. Bound logs made up in accord with the above
form can be obtained from Headquarters for a nomi.
nal sum Or you can prepare your own, in wbich case
we offer this form as a suggestion, hoping that you
find it worthy of adoption. Every station must keep
some sort of a log. The above log has a special wire
binding and lies perfectly flat on the table.

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 which shows (1) the date and time
of each transmission, (2) all call8 and tra.nsmissions made (whether two way contacts re.sulted or not), (3) the input power to the last
stage of the transmitter, (4) the frequency
band used. (5) the time of ending each QSO
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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 F.C.C. For the
convenience of amateurs A.R.R.L. stocks both
log books and message blanks, and if one uses
the official log he is sure to fully comply Ivith
the government requirements if the precautions and suggestions included in the log are
followed.
The R-S-T System of Signal Reports

The R-S-T system is an abbreviated method
of indicating the main characteristics of a received signal, the Readability, Signal Strength,
and Tone. The letters R-S-T determine the
order of sending the report. In asking for this
form of report, one transmits RST? or simply
QRK?

nul)" he made except those relating to the relief or

Unreadable

2 - Ba'.rely readable. occasional words dil!!l:I

4.
5

tlnguie:hahle
Readable witb considerable difficulty
Readable with practically no difficulty
Perfectly readable

SIGNAL STRENGTH
signal. barely perceptible
2 - Very 'Weak lIi.gnals
:I
Weak signal.
4. - Fair signal.
S - Fairly good signal.
6 - Good "ignal.
7 - Moderately .trong "ignal.
8 - Strong signals
9 - Extremely strong signals
I -

Emergency Operating Precautions 1
In emergency operating a fine sense of discrimination is necessary. Desire to help
through transmitting participation is often a
dangerous thing. Careful listening locates stations, places. nets, keeps general calls at
minimum and enables handling traffic efficiently responsive to the CQ of an emergency
Area station. "Talking it over" and general
chatter should be reserved until emergency
conditions no longer exist.
As soon as the F.C.C. has "declared" a
condition of general communications emer·
gen .. y. special amateur regulations (Sec.
lIi2.54) govern absolutely, with the following
provisions effective until the Commission declares the emergency ended:
I. No transmissions in the BO-or 160-D.Jeter bands

HEADABILITY
I -

R-S-T system is the standard A.R.R.L.
method of reporting. Various report combinations are based on the table.

Faint -

entergency service. Casual conversation, incidental
calling or testing, umaru not pertinerrt to the
constructive handling oC the entergeney commlI-

nications, shall be prohibited.
2. 25-kc. band-edge segments shall be reoerved at
all tilnes for (a) ero.ergency calling channels. (h)
initial ('.alli"f':roJD the isolated. (c) fir8t calls initiating
dupatch of important priority relief mattel"8~ All
8tatioD.8 shall, for general eomDlunication, shift to
other

TONE
1 - Extremely rough hissing note
.2 - Very fflugh a.c .. note, no trace of lDusicallty
:I - Rough, low-pitched a.e. note, "lightly
lllueical
"
Rather rough a ..c. note. xnooerately muucal
5 - Musically modulated note
6 - Modulated note. sUght trace of whistle
7
Near d.c. note .. smooth ripple
8 - Good d.c. nOte, just a trace of ripple
9 - Purest d.e. note
(If the note appears to be cryotal controlled
siInpJ,. add an X after the appropl"iate number.)

Such A signal report as "RST 387X" (abbreviated to 387X) will be interpreted as
"Your signals are readable with considerable
difficulty; good signals (strength); near d.c.
note, smooth ripple; crystal characteristic
noticed." Unless it is desired to comment in
regard to a crystal characteristic of the signal,
a Bingle three-numfral group will con8titute a
complete report on an Amateur signal. The

within-band frequencletl lor carrying on
comlDunication .. The channels for calling ONl. Y,
In ..mergenci.... are. 2025-2060 3500-3525 and
3975-4000 kes.
S. Hourly observance of :mandatory quiet or listening periods., the fint 6.ve :minutes of each hour.
(No call. may be answered in this period. Only
"utInoet priority't't traffic !Day continue.)
4 .. For prorn1:dgating the eJDcrgency-dwaration,
for policing-warning-observlng work In 1750-2060
and 350l1-I000 kc. bands. f'.C.C. IDay designate eer~
tain BJIlateur Btations. Announccunents (rom theBe
station. will he Identified by their reference to Sec•
152.54 by number, and their specification DC the
date of the F .C.C .. '8 declaration, with .. talentent of
the area and nat.u.:r'eI of the eJDergeney.

Where a communications emergency is part
of a general emergency accompanied by relief
problems and movements of the population it
will be found that many refugees are created
by the situation and deliveries of ingoing messages to these people are well nigh impossible.
There is great good will as a result of handling
personal safety messages in each instance
where delivery can be effected, but it must be
remembered that relief problems of the community at large, official messages from Red
Cross, military and civic officials have absolute
priority. Radio circuits must carry the important messages first, and when personal
safety messages are permissible in the judgment of operators in the affected Area it is even
then much more profitable to have the burden
of traffic outgoing messages of safety rather
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than requests for investigating safety which
cannot be acted upon except at a deferred date.
Organization must avoid unnecessary duplication of channels, must load telegraph circuits
properly to avoid congesting telephone channels where fewer circuits are available. Messages should be routed for point to point
delivery by a single channel, and no irritating
duplications or repeating of the same messages
(broadcast) be permitted where this can be
avoided. The function of broadcasting stations
is to reach the public, that of amateur stations
to handle point to point information efficiently
with as little public excitement as possible and
maximum secrecy for texts of official messages
and any information that might start rumors.
It is important that originating stations
number their messages and put them in standard
form. That makes the work systematic and
respected and takes it out of the hit or miss
classification into which casual exchanges fall
in the minds of recipients. Such method in all
amateur work instantly nails duplicate messages, makes tracing possible, and makes
amateur performance comparable with that of
other communication services.
Unauthorized broadcasting and modifying
of broadcasts addressed to the amateur service has caused difficulty in major emergencies
of recent years. Rumors are started by unintelligent expansion or contraction (and subsequent repetitions) of broadcast dispatches. It is
improper and deserving of censure and severe
penalties to delete essential limiting words that
qualify a message, to expand, exaggerate, or
alter meanings. Broadcasts should include
their source and authority; they should be
repeated exactly if at all, or not repeated;
League and F.C.C. transmissions through vigilante appointees in emergencies of the future
will as in the past extend no authority, or
specified limited authority, to rebroadcast.
The League's Emergency Corps has adopted
the principles tabulated for "before - inafter emergencies" and in addition is pledged
to a man to observe the following:
.•. to confirm the authenticity of reports, and

a.

II.

responsible individual avoid publica.tion or transmission of

any rumor. except labelled as such. (Vital information
should be released only when verified by proper authority.
r...fake your operation in connection with official a.gencies

such as the Red Cross, civil and military authorities so that
messages may be signed by Q.!ficial. in as many cases all
possible.)
· .•. to work closely with any A.R.R.L. (city or regional)
Emergency Coordinator that may be appointed. Also to
cooperate with Section Communications Mana.ger, Route
Manager, or Phone Activiti.. Manager in any definite stepe
for emergency organization.

· . . . to have proper regard to priority of communications.
To keep quiet (QRX) as much as possible to reduce interference. Priority is normally determined within the emergency zone itself.

· . • . to hecome acquainted with the special frequencies
and faciliti ... of organized amateur groups, the A.A.R.S. and
U.S.N.R.
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• . . . to use QRR Dnly if necessary, lind then use it correctly. (It may ONLY be used by a station in an emergency
zone with an actua.l distress message.)

Emergency Communication 1

A communications emergency occurs whenever normal facilities are interrupted or overloaded, and mayor may not involve general
public participation. A communications emergency need not involve a public relief or welfare
emergency, but the latter condition usually is
accompanied by a communications emergency.
In scores of emergencies radio amateurs have
given a good account of themselves. Radio
has proved the only agency to span the gap
with power failing and wires down. Since our
amateur stations are of the most numerous
class licensed, because they are located anywhere and everywhere, many are located
strategically to give an account of themselves as need arises. Those amateurs best
prepared before trouble comes are credited
with having played most important parts. It
should be a matter of pride with every amateur
to fit himself as a superlative operator, and
equip himself with apparatus with an eye to
emergencies when power may evaporate from
customary commercial sources with a view to
carrying on the vital service of amateur com·
munication if urgent opportunity for a service
large or small arrives.
We serve best by manning a few powerful,
best situated stations with amateur operators
in 8·hour shifts, rather than inadequately
manning too many amateur stations with overworked operators creating band congestion.
Those we serve in widespread emergency are
the Red Cross, civil and military authorities,
transportation agencies, power-gas-light-water
utilities, the Coast Guard, Army engineers and
others. In doing this we often work hand in
hand with other wire and radio services as well
as with each other.
In the event of new cases of serious and
widespread communications emergency, it is
likely that the F.C.C. will follow precedent
(and its new regulations, Sec. 152.54) and again
declare a general communications emergency.
Then, as in the Ohio valley flood (1937) it is
likely that F.C.C. will call on your A.R.R.L.
to recommend policing-observing stations for
F.C.C. to appoint in the different amateur
bands to function for the duration of the
emergency. A.R.R.L. stands ready with its
~xperience, its program of preparedness, and
Its member-station organization in which every live amateur who volunteers has a part.
Monitored Frequencies
A few words on the last two points: In dire
disaster where life and property are threatened
and a region is isolated except for wireless
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BEFORE EMERGENCIES
Be ready, with emergeney power
supply. Six-volt tubes in exeiters and
receivers make for eonvertibility and
utility in portable work where gas
engine generators are not available.
Overhaul and test periodieally.
Test set operator ability in A.R.R.L.
Field Day and Contests. Give local
offieials and agencies your address;
explain alllateur facilities; aet via the
A.R.R.L.
Emergency
CoOrdinator
wherever one is appointed.
IN EMERGENCY
REPORT at once to the A.R.R.L.
E:mergeney Coordinator so he will
have full data on availability of stations - operators
eircuits. Work direct with ageneies we serve where no
appointed official is in eharge, and
when so assigned.
CHECK station operating facilities;
offer services to all who may use the:m,
via Coordinator or helping offieial
where one is available. .
QRR is the official A.R.R.L. "land
SOS," a distress call for e:mergeney
uses only . . . for use only by station
asking assistanee.
RESTRICT all work in aeeord with
F .C.C. regulations, 2 Sec. 152.54, as soon
as F.C.C. has "declared" a state of
eommunieations e:mergeney.
THE KEY STATION in elllergeney
zone is the first and the supre:me authority for priority and traffie routing
in the early stages of emergency relief
comlllunications.
PRIORITY must be given messages
in the general publie interest (relief
plans, re food, medicine, necessities).
Press reports and personal assurance
:messages can then be handled if
practieable.
COOPERATION is required of all
amateurs with those we serve; with
other comlllunication agencies. Don't
clutter air with CQ's. Thc majority
of amateurs must listen in; QRX,
avoid QRMing. Be ready to help; operate as intelligently as possible;
cooperate by staying off the air while
vital information and relief llleasures
are handled, if stations able to help as
well as yours are on the job. (CQ
STORM AREA is nothing but" :more
QRM.")
AFTER EMERGENCIES
REPORT to A.R.R.L. as soon as possible and as fully a!'l possible so amateur radio can receive full credit. Amateur radio eomlllunication in 52 major
disasters since 1919 has won glowing
public tribute. Maintain this record.

communication, government aid may be secured when all attempts on normal channels
have failed, by "breaking" an existing government circuit. A.A.R.S. use 6990-, 3497~-, etc.,
kcs. Naval shore stations guard certain frequencies constantly, also. In the east 40404075, 4235- and 8920- kcs. at night, or 7995
kcs. in daylight hours, and in the west 4010-.
4235-, 4525- and 7995- kcs. are the night, with
8150 kc. a day frequency.
EInerl1ency CB,l1inl1 Frequencies

Regarding QRR, which call is limited to use
of isolated stations for first emergency calls,
special provision and methods are necessary to
assist the stations under handicap of no commercial power in remote sections in getting
contact and help. Their problem is vital, and
different from the problem of casual participation by the amateur community at large.
It is recommended by A.R.R.L. that frequencies at the band edges be utilized for
emergency calls, with no general emergency declared or in effect. This lends point and specification to builders of emergency equipment.
This spot on all bands is well covered continuously by receivers. It gives hope to the isolated
operator that he be heard. At such frequencies
all listeners are instructed to hunt for weak signals in any periods in general emergency established for taking account of the isolated, and
establishing new important connections.
The F.C.C. regulations' now require that in
general emergency 2050-2025 kcs., 4000-3975
kcs. and 3500-3525 kcs. shall be reserved as
emergency calling channels
prohibited to all
stations except for first emergency or QRR
calls, and initial or important emergency relief
traffic or arrangements, whenever F.C.C. shall
have recognized and declared a general communications emergency exists. All stations using such
channels shall as rapidly as practicable shift
to normal working and calling frequencies, to
leave these emergency channels clear for important calls of this type.
The Federal Communications Commission
rules also require that in emergency, all amateur stations in the designated areas observe
a silent or listening period for the first five
minutes of each hour (0000-0005), on all amateur channels (3500-4000 kcs., 1750-2000 kcs.),
tuning through the emergency calling channels
and other channels for any QRR or initial-important calls from weak stations, previously
unheard in interference.
The League requests the fullest collaboration'
and cooperation of all amateurs to add to our
public service record. Preparedness of station
and operator is the first step. Voluntaryenlistment of every amateur is requested (1) in
abiding by the precepts above outlined (2)
in registering in the A.R.R.L. Emergency

CHAPTER THmTY-ONE

429

The Radio Amateur's Handbook
Corps (3) in cooperation for local community
and regional planning and tests, which will be
initiated by appointed coordinators and other
League Officials (4) in building self-powered
equipment.
After emergency (large or small) full individual reports to the A.R.R.L. Communications Department are requested for the
amateur service record. The part that every
amateur played must be recorded not only for
the QST account, but to strengthen and support the running record of amateur achievement.
From analysis of aU reports A.R.R.L. Public
Service Certificates are awarded for notable" pu/r.
lie service" work.
Stations outside an " emergency zone" in
communication with relief stations in that zone
are requested to inform A.R.R.L. Headquart6rs
at once of this situation by telegram to f acilitat6
traffic movement and for the information of the
press.
Message HandIinil
Amateur traffic handling is highly developed and effective, if one Icnows how to use it.
Don't expect that you can get on the air
with the message you have written and give it
to the first station that comes along and expect
miracles to happen. You fellows who get your
fun principally from DX, rag chewing, and
building equipment should appreciate that you
must place the occasional message you start
and wish to have reach its destination, not in
the hands of others like yourselves, but in the
hands of one of the many operators who specialize in keeping schedules and handling
messages, one who gets his fun mainly out of
this branch of our hobby, who knows the best
current routes and is in a position to use them.
Station owners may originate traffic of any
kind going to any part of the United States,
Hawaii, Porto Rico, Alaska, or the Philippines.
Messages should be put in as complete form
as possible before transmitting them. IncomSpecial Orders No. 73 and 73A, adopted by
the F.C.C. in conneetion with national defense requirements prohibit general portable work with the following el<eeptions: (1)
Work by stations of amateurs supplying or
attempting to supply communication in the
public interest, in a bona fide dOlnestic comrounications eroergency, is perroitted. (2)
Operation "above 56,000 kc." iSlmrestricted,
seven days per week. (3) Provided notice of
proposed operation has been filed with the
proper F .C.C. offic,c 48 hours in advance, the
testing of self-powered portables and portable mobile eroergency equipment in daylight hours on Saturdays and Sundays, is
permitted.
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plete messages should not be accepted. As messages are often relayed through several stations
before arriving at their destination, no abbreviations should be used in the text as mistakes are
bound to happen when the text is shortened in
this manner. To people not acquainted with
radio abbreviations, messages written in shortened form are meaningless. Delivering stations
must be careful to see that messages are written out fully.
In handling messages we are doing something really worth while. We want to start only
good worth-while messages from our stations.
Our efforts should be directed to making the
quality of our message service high. The number of messages we handle is of secondary importance. The kind of messages we originate
or start from our stations and the speed with
which the messages pass through our station
and the reliability or accuracy with which the
messages are handled are the things of paramount importance.
Just as the ultimate aim of amateur radio
on all frequency bands is communication, so
is the relaying of word by rapiogram a "natural" when one has something to say to a
party beyond immediate reach. Not all hams
perhaps appreciate the utility that results
from using amateur message service in our ham
correspondence. However, no ham, not even a
new member of the brotherhood, but feels the
satisfaction of having really accomplished
something tangible in exchanging a message
(recorded communication) with another amateur. Of course not all beginners develop the
advanced operating technique of the finished
message handler, but it is within the reach of
all who will try,
The amateur who handles traffic is automatically training himself to do the kind of a
job official agencies desire in emergencies, and
he becomes a valuable exponent of the whole
amateur service.
Me,ssage Form
Each message originated and handled should
contain the following component parts in the
order given:
(a) Number
(b) Station of Origin
(e) Cheek
(d) Place of Origin
(e) Time Filed
(f) Date
(g) Address
(h) Text
(i) Signature

A standard form enables one to know just
what is coming next, and makes accuracy possible with speed. Start some messages to
familiarize yourself with the proper way to
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write and send traffic in good form. Just as you
would be ashamed to admit it if you could not
qualify as an experienced amateur by at least
"15 w.p.m." code capability, be equally proud
of your basic knowledge of how to properly
form and send record communications.
(8) Every message transmitted should bear a I I number."
On the first day of each calendar year, each transmitting
station establishes a new series of numbers, beginning at
No. 1. Keep a sheet with a consecutive list of numbers
handy. File all messages without numbers. When you send
the mes.qages, asaign numbers to them from the" number
sheet," scratching off the numbers on that list as you do so,
making a notation on the number sheet of the station to
which the message was sent and the date. Such a system is
convenient for reference to the number of messages originated each month.
(b) The" station of origin" refers to the call of the station at which the message was filed. This should always be
included so that a "service" message may be Bent back to
the originating station if something interferes with the
prompt handling or delivery of a message. In the example in
"d" below, WIA W is the station of origin. that call being
the one assigned the station at the national headquarters of
the League.
(c) Every word and numeral in the text of a message
counts in the check. Full information on checking messages
is given later in this chapter.
(d) The" place of origin" refers to the name of the city
from which the message was started. If a message is filed at
League Headquarters by someone in West Hartford, Conn.,
the preamble read. Nr 457 WI A W ck 21 West Hartlard
Conn BR57 p June 11, etc.
lf a message is sent to your radio station by mail the pr~
amble shows the place of origin as the town where the message came from. If a message was filed at A.R.R.L. Headquarters and if it came by mail from Wiscasset, Maine, the
preamble would run like this to avoid confusion: Hr ms(/
nr 457 WIAW ck 21 Wiscasset Maine BR57 p June 11, etc.
(e) The time filed is the time at which the message is
received at the station for transmiMion ... NFT" in a preamble means no filing time.
(f) Every message shall bear a "date" and this date is
transmitted by each station handling the message. The date
is the •• day filed I I at the originating station unless otherwise
specified by the sender.
(g) The" address" refers to the name, street and number,
city, state, and telephone number of the party to whom the
message is being sent. A very complete address should always
be given to insu.re delivery. When accepting mesaar;es this
point should be stressed. In transmitting the message
the address is followed by a double dash or break sign
( - •.. - ) and it always precedes the text.
(h) The "text" consists of the words in the body of the
message. No abbreviations should ever be substituted for
the words in the text of the message. The text follow. the
address and is set off from the signature by another break
(_

... _).

(i) The "signature" is usually the name of the person
sending the message. When no signature is given it is customary to include the words "no sig" at the end of the
message to avoid confusion and misunderstanding. When
there is a signature, it follows the break; the abbrtroiation
.. sig" is not transmitted.

The presence of unnecessary capital letters,
periods, commas or other marks of punctuation may alter the meaning of a text. For this
reason commercial communication companies
use a shiftless typewriter (capitals only). The
texts of messages are typed in block letters
(all capitals) devoid of punctuation, underlining
and paragraphing, except where expressed in
words. In all communication work, accuracy iR

of first importance. Spell out figures and punctuation.
NurnberinA MessaAes
Use of a "number sheet" or consecutive list
of numbers enables any operator to tell quickly
just what number is "next." Numbers may
be crossed off as the messages are. filed for
origination. Another method of use consists
of filing messages in complete form except for
the number. Then the list of numbers is consulted and numbers assigned as each message
is sent. As the operator you work acknowledges
(QSLs) each message cross off the number used
and note the call of the station and the date
opposite this number.
The original number supplied each message
by the operator at the originating station is
transmitted by each station handling the message. No new numbers are given the message
by intermediate stations.
CheekinA Traffic -

The Land Line Check

The A.R.R.L. check is the land line or
"text-only" count, consisting of the count of
only the words in the body or text of the message. It is quicker and easier to count in this
fashion than to use the cable count of words in
address, text and signature check which is followed in marine operating work, this simplification being the reason for its adoption. When
in the case of a few exceptions to the basic rule
in land line checking, certain words in address,
signature or preamble are counted, they are
known as extra words, and all such are so
designated in the check right after the total
number of words.
CountinA Words in MessaAes
The check includes: (1) all words, figures and
letters in the body, and (2) the following extra
words:
(a) Signatures except the first, when there
are more than one (a title with signature does
not count extra; but an address following a
signature does).
(b) Words "report delivery," or "rush" in
the check.
(c) Alternative names and/or street addresses, and such extras as "personal" or
"attention - - - - - - - -."
Examples: "Mother, Father, James and
Henry" is a family signature, no names
counted extra. "John Brown, Second Lieutenant" or "Richard Johnson, Secretary Albany Auto Club" are each one signature with
no words counted as extra. An official title or
connection is part of one signature, not extra.
"Technical Department, Lamb, Grammer and
Ml:X" as a signature would count three extra
words, those italicized after the first name
counting as extras. The check of a message
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with ten words text and three such extras in

tho signature would be liCK 13 3 extra.))
Dictionary words in most languages count
as one word irrespective of length of the word.
In counting figures, a group of five digits or
less will count as one word. Bars of division and
decimal points may constitute one or more of
the digits in such a group. It is recommended
that, where feasible, words be substituted for
figures to reduce the possibility of error in
transmission. Detailed examples of word
counting are about as difficult in one system of
count as another.
Count as words dictionary words taken from
English, German, French, Spanish, Latin,
Italian, Dutch and Portuguese languages;
initial letters, surnames of persons, names of
countries, cities and territorial subdivisions.
Abbreviations as a rule should be used only in
service messages. Complete spelling of words
is one way to avoid error. Contractions such
as "don't)) should be changed to "do not."
Examples:
Emergency (English dictionary) .............. .
NQu. aITiverrons dimanche (French dictionary) ..
DeWitt (surname). . . . . .................. .
E.L.B.D. (initials). . . . . . . . . . .. .. ...... . .
United States (count.ry) .
. . . . .. . ........ .
President Hoover (steamship) .. .
Prince William Sound ................ .
M.S. City of Belgrade (motor ship) ... .

1 word
3 words
1 word
4 words
1 word
1 word
Z words
2 words

EXCEPTIONS
A.M., P.M ............................... .
F.O.B. (or fob). . . . . . . . .. . ................. .

O.K. ..................................... .
Per cent (or percent). . . . . . . . .. . ....... .

1 word
1 word
1 word
1 word

The best practice is to spell out all such when
it is desired to send them in messages. In
groups consisting of letters and figures each
letter and figure will count as one word. The
one exception to this is that amateur call signals sent as a group count as one word. In ordinal numbers, affixes d, nd, rd, st, and th count
as one word. Abbreviations of weights and
measures in common use count as one word
each. Examples:
10 000 000 (figures) . . . . . . . . . .. . ........... .
Ten millions (dictionary words). . • . .....•..
5348 (figures) ...•......••.........•.........
67.98 (figures) . . . . . . . . .. .... . ............ .
64A2... ............
.. ............ ..
45)4 (figures and bar of division) ......... .
Zrd (ordinal number and affix) .....•.........•
WlBDI ...........•......

2
2
1
1

word.
words
word
word
1 word
1 word
2 words
1 word

Groups of letters which are not dictionary
words of one of the languages enumerated, or
combinations of such words will count at the
rate of five letters or fraction thereof to a word.
In the case of combinations each dictionary
word so combined will count as a word. In
addition USS USCG, etc., written and sent as
compact letter-groups count as one word.
Examples:
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Tyffa (artificial 5 letter group) .•..••••••••..•

1 word

Adeea! (artifici!!.! 6 letter IlI'OUD) .............• 2 \'\'ord8
allright, alright (improperly combined) .......•
Dothe (improperly combined) ............... .
ARRL ................................... .

2 word.
2 word.
1 word

At the request of sender the words "report
back delivery" asking for a service showing
success or failure in delivering at the terminal
station, may be inserted after the check of
"rush" or "get answer" similarly, such words
counting as extras in the group or check designation as just covered by example. "Phone"
or "Don't Phone" or other sender's instructions in the address are not counted as extra
words. In transmitting street addresses where
the words east, west, north or south are part of
the address, spell out the words in full. Suffixes
"th," "nd," "st," etc., should not be transmitted. Example: Transmit" 19 W 9th St"
as" 19 West 9 St." ".F St NE" should be sent,
"F St Northeast." When figures and a decimal
point are to be transmitted, add the words
CNT DOT in tae check.
Isolated characters each count as one word.
Words joined by a hyphen or apostrophe count
as separate words. Such words are sent as two
words, without the hyphen. A hyphen or
apostrophe each counts as one word. However,
they are seldom transmitted. Two quotation
marks or parenthesis signs count as one word.
Punctuation is never sent in radio messages
except at the express command of the sender.
Even then it is 8pelled out.
Here is an example of a plain language message in correct A.R.R.L. form carrying the
land line check:
NR 601 WIAW CK 9 WEST HARTFORD CONN
lR15P OCT 28
ALL RADIO HAMS
Il COMPLETE ADR ST
ANYCITYUSA
ALL AMATEURS ARE REQUESTED TO FOLLOW
STANDARD ARRL FORM
HANDY ARRL CM

Message handling is one of the major things
that lies in our power as amateurs to do to
show our amateur radio in a respected light,
rather than from a novelty standpoint. Regardless of experimental, QSL-collecting, friendly
ragchews, and DX objectives, we doubt if the
amateur exists who does not want to know
how to phrase a message, how to put the preamble in order, how to communicate wisely
and well when called upon to do so. Scarcely a
month passes but what some of us in some
section of our A.R.R.L. are called upon to add
to the communication service record of the
amateur.
It is important that deliveries be made in
business·like fashion to give the best impression, and 80 that in each case a new friend
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and booster for amateur radio may be won.
Messages should be typed or neatly copied,
preferably on a standard blank, retaining
original for the F.C.C. station file where these
are mailed. The designation and address of the
delivering station should be plainly given so a
reply can be made by the same route if desired.
For those who would disparage some message texts as unimportant, perhaps a reminder
is in order that in the last analysis it is not the
importance to the ham that handles it that
counts, but the importance to the party that
sends and the party that receives a message.
The individual handling of traffic in quantities small as well as large is to a very great
extent the material that we amateurs use for
developing our operating ability, for organizing
our relay lines, for making ourselves such a
very valuable asset to the public and our country in every communications emergency that
Comes along, not to mention the individual
utility and service performed by each message
passed in normal amateur communications.
For those "breaking-in" may we say
that any O.R.S., Trunkliner or experienced
A.R.R.L. traffic handler will be very pleased
to answer your questions and give additional
pointers both in procedure and concerning
your station set-up to help you make yours a
really effective communications set-up. Since
experience is the only real teacher we conclude
by suggesting to all and sundry that becoming
proficient in any branch of the game is partly
just a matter of practice. Start a few messages,
to get accustomed to the form. Check some
messages to become familiar with the official
A.R.R.L. (land line) check. You will find Increased enjoyment in this side of amateur radio
by adding to your ability to perform; by your
familiarity with these things the chance of
being able to serve your community or country
in emergency will he greater. Credit will be
reflected on amateur radio as a whole thereby.
Orill.inatinA Traffic

Messages to other amateurs are a natural
means of exchanging comment and maintaining friendships. The simplest additional way to
get messages is to offer to send a few for friends,
reminding them that the message service is
free and no one can be held responsible for
delay or non-delivery. Wide-awake amateurs
have distributed message blanks to tourist
camps. Lots of good traffic has been collected
through a system of message-collection boxes
placed in public buildings and hospitals. A
neatly typed card should he displayed near-by
explaining the workings of our A.R.R.L.
traffic organization, and listing the points to
which the best p08sible se1'llice can be gillen.
Messages that are not complete in every
respect shQuld not &e accepted for relaying.

Complete addreu on every message is important.
To properly represent amateur radio, placards when used should avoid any possible confusion with telegraph and cable services. Any
posters should refer to AMATEUR RADIO.
GRAMS, and explain that messages are sent
through AMATEUR RADIO STATIONS. as a
HOBBY, FREE, without cost (since amateurs
can't and will not accept compensation). The
exact conditions of the service should be
stated or explained as completely as possible,
including the fact that there is NO GUARAN·
TEE OF DELIVERY. The individual in charge
of the station has full powers to refuse any
traffic unsuitable for radio transmission, or
addressed to points where deliveries cannot he
made. Relaying is subject to radio conditions
and favorable opportunity for contacting.
Better service can be expected on I5-word
texts of apparent importance than on extremely
long messages. Traffic should not he accepted
for" all over the world."
Careful planning and organized schedules
are necessary if a real job of handling traffic is
to he done. Advance schedules are essential to
assist in the distribution of messages. It may
be possible to schedule stations in cities to
which you know quantities of messages will be
filed. Distribute messages, in the proper directions, widely enough so that a few outside
stations do not become seriously overburdened. Operators must route traffic properly
- not merely aim to "clear the hook."
It is better to handle a small or moderate
volume of traffic well than to attempt to break
records in a manner that results in delayed
messages, non-deliveries, and the like which
certainly cannot help in creating any public
good-will for amateur radio.
Whatever type of exhibit is planned, write
A.R.R.L. in advance, in order to receive sample material to make your amateur booth
more complete. A portable station can be installed and operated, by an already licensed
amateur subject to F.C.C. notification of location, etc., as provided by regulations. No
license coverage is needed if no station is operated, of course.
Relay Procedure

Messages shall he relayed to the station
nearest the location of the addressee and over
the greatest distance permitting reliable COmmunication.
No abbreviations shall be substituted for the
words in the text of a message with the exception of "service messages," to be explained.
Delivering stations must be careful that no
confusing abbreviations are written into delivered messages.
Sending "words twice" is a practice to
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avoid. Use it only when expressly called for by
the receiving operator when receiving conditions are poor.
Messages shall be transmitted as many as
three times at the request of the receiving operator. Failing to make a complete copy after
three attempts, the receiving operator shall
cancel the message (QTA).
Agreement to handle (relay or deliver) a
message properly and promptly is always
tacitly implied in accepting traffic. When
temporarily not in a position to so handle, it is
a service to amateur radio and your fellow ham
to courteously refuse a message.
An operator with California traffic does not
hear any western stations so he decides to give
a directional" CQ" as per A.R.R.L. practice.
He calls, CQ, CALIF CQ CALIF DE WllNF
WllNF WllNF, repeating the combination
three times.
He listens and hears W9CXX in Cedar
Rapids calling him, WllNF WllNF WllNF
DE W9CXX W9CXX W9CXX AR.
Then he answers W9CXX indicating that
he wishes him to take the message. WlINF
says W9CXX W9CXX DE WllNF R QSP
MILL V ALLEY CALIF NEAR SF? K.
After W9CXX has given him the signal to
go ahead, the message is transmitted, thus:
HR MSG NR 78 WlINF CK15 WEST HARTFORD
CONN NFT (for "no filing time") NOV 18
ALAN D WHITTAKER JR W6SG
79 ELINOR AVE
MILT, VAI,LEY CAUF
SUGGEST YOU USE ARRL TRUNK LINE K
THROUGH W5NW TO HANDLE PROPOSED VOLUME TRAFFIC REGARDS
BUBB WIJTD

W9CXX acknowledges the message like
this: WllNF DE W9CXX NR 78 R. K. Not
a single R should be sent unless the whole message has been correctly received.
Full handling data is placed on the message
for permanent record at WlINF. The operator
at W9CXX has now taken full responsibility
for doing his best in forwarding the message.
Fixed Text Messages -

ARL Check

To start a fixed text message, the originator
must select one of the texts from a list. The
amateur starting the message sends the number
corresponding to that particular text instead of
the text. The letters ARL (short for AmericanRadio-Relay-League-numbered-text-to-foUow)
must be placed before the figures of the check
to show that the text is from our particular
numbered text list. "ARL" identifies this at
once as a message that has to be expanded for
delivery or relaying to a station that has no list
(to have complete understanding and avoid
error). In radio handling the number must always be spelled out, for accuracy.
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The new list of" A.R.R.L. Numbered Radiograms" is in the possession of every member of
the League's Emergency Corps, and every
O.R.S., O.P.S., and field organization official.
The list of fixed texts was prepared mainly
with possible emergency needs and utility in
mind; it is a special tool for special occasions.
It may be used only when stations at each end
of a QSO are equipped with exactly similar
lists. Extra precautions to insure accuracy are
necessary when using a number for a text;
every message delivered or relayed to a station
not having a list must be completely expanded.
The new list of sixty texts will be sent free of
charge to anyone requesting it by sending a
radiogram asking for it. We want the list to be
available'to anyone active in amateur traffic
handling or likely to have a use for it. We shall
continue to recommend the use of individually
worded messages instead of any stereotyped
form in every case possible. Use "numbered
texts" with caution, only with other operJl.tors
with experience and similar lists. But all stations might well keep a copy of the new list
ready in the station log.
Example: NRI WlAW CK ARLI Newington Conn
March 2 (Addr....) BT THREE BT John AR

"ARL?" can readily be understood to mean,
"Do you have the list of A.R.R.L.-Numbered
Radiograms, and are you ready for such a
message," "ARL" (reply) then means, "I
have the A.R.R.L.-Numbered Radiogram list.
I am ready for such a message."
A list of the texts applicable to possible
relief-emergency uses follows:
ONE

All safe. Do not be concerned about
disaster reports.
Coming home as Soon as possible.
TWO
Am perfectly all right. Don't worry.
THREE
FOUR
Everyone safe here. Only slight property
damage.
All well here. Love to folks.
FIVE
Everyone
safe, writing soon~
SIX
Reply by amateur radio.
*SEVEN
EIGHT
All safe. writing soon, love.
NINE
Come home at once.
TEN
Will be home Ilol9 Boon as conditions
permit.
ELEVEN
Cannot get home. Am perfectly all right.
Will he home Ilol9 soon Ilol9 conditions
permit.
*TWELVE
Are you ... fe! Anxious to hear from you.
*THIRTEEN Is ...... safe? AnxioUl! to hear.
·FOURTEEN AnxioUl! to know if everything is OK.
Please ..dvise.
*FIFTEEN
,Advise at once if you need help.
.SIXTEEN
Please advise your condition.
"SEVENTEEN Kindly get in touch with us.
.EIGHTEEN PleBl!e oonta.et me Ilol9 soon Ilol9 possible
(at ...... ).

N one of these numbered-text messages
should be handled in the first stages of any general emergency. Those marked above with an
asterisk (*) should never be solicited during an
emergency, since experience shows that such
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inquiry traffic going into an emergency area
ordinarily cannot be delivered while the emergency still exists. Concentration must be on
traffic going out of an emergency area.
Never forget to put" ARL" in the check
or the delivering station will deliver a "number" instead of the words it stands for. From
the table we see that the text in the example
must be completely written out as AM PERFECTLY ALL RIGHT. DON'T WORRY.
when it is delivered, or transmitted to any
station without a list, or that cannot make
affirmative response to "ARL?"
Getting Fills
If the first part of a message is received but
substantially all of the latter portions lost, the
request for the missing parts is simply RPT
TXT AND SlG, meaning "Repeat text and
signature." PEL and ADR may be used similarly for the preamble and address of a
message. RPT AL or RPT MSG should not be
sent unless nearly all of the message is lost.
Each abbreviation used after a question
mark (..
~ .. ) asks for a repetition of
that particular part of a message.
When a few word-groups in cOIlversation or
message handling have been missed, a selection
of one or more of the following abbreviations
will enable you to ask for a repeat on the parts
in doubt. 'Phone stations of course request fills
by 1llling the full wording specified, without
attempt at abbreviation.
Abbreviation
1AA ................. .

1AB ................ ..
?AL ............... ..
?BN ... AND ........ ..
?WA ............... ..
?WB ••...............

Meaning

Repeat
Repeat
Repeat
Repeat
Repeat
Repeat

-----

all after ........... .
all before •........••
all that has been sent
all between .. and ....
the word after .....•
the word before .•.•.

The good operator will ask for only what fills
are needed, separating different requests for
repetition by using the break sign or double
dash ( - ' .. - ) between these parts. There is
seldom any excuse for repeating a whole message just to get a few lost words.
Another interrogation method is sometimes
used, the question signal ( .. - - .. ) being
sent between the last word received correctly
and the first word (or first few words) received
after the interruption. RPT FROM . . . .
TO . . • . is a long way of asking for fills
which we have heard used by beginners.
The figure four ( .••. - ) is a time-saving abbreviation which deserves popularity
with traffic men. It is another of those hybrid
abbreviations whose original meaning, "Please
start me, where?" has come to us from Morse
practice. Of course ?AL or RPT AL will serve
the same purpose, where a request for a repetition of parts of a. message has been missed.

Delivering Messages
Provisions of the Radio Act of 1934 make it a
misdemeanor to give out information of any sort
to any person except the addressee of a message.
It is in no manner unethical to deliver an unofficial copy of a radiogram, if you carefully
mark it duplicate or unofficial copy and do it to
improve the speed of handling a message or to
insure certain and prompt delivery. Do not
forget that there are heavy fines prescribed by
Federal laws for divu1ging the contents of messages to anyone except the person addressed in
a message.
When it is possible to deliver messages in
person, that is usually the most effective way.
When the telephone does not prove instrumental in locating the party addressed in the message it is usually quickest to mail the message.
A.R.R.L. delivery rules:
Messages received by stations shall be delivered
immediately.
Every domestic message shall be relayed within
forty-eight (48) hours after receipt or if it cannot
be relayed within this time shall be mailed to the
addressee.
Messages for points outside North America
must not be held longer than half the length of
time required for them to reach their destination
by mail.
When a message cannot be delivered, or if it
is unduly delayed, a "service" message should
be written and started back to the" oflice of
origin."
Each operator who reads these pages is
asked to assume personal responsibility for
accuracy, speed of each message handled and
delivery that we may approach a 100% delivery
figure.
The Service MeS8age
A service message is a message sent by one
station to another station relating to the service which we are or are not able to give in
message handling. The service message may
refer to non-deliveries, to delayed transmission, errors, or to any phase of messagc handling activity. It is not proper to abbreviate
words in the texts of regular messages, but it
is quite desirable and correct to use abbreviations in these station-to-station messages
relating to traffic-handling work. Example:
HR SVC NR 291 W3CA CK XX ROANOKE VA NFT
AUG 19
L C MAYBEE W7GE
110 SOUTH SEVENTH AVE
PASCO WASHN - " ' UR NR 87 AUG 17 TO CUSHING SIG BOB HELD
HR UNDLD PSE GBA - ...
WOHLFORD W3CA

Counting Messalles
To compare the number originated and
delivered each month to learn some facts about
the "efficienc.y" of our work in handling mes-
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The me8sage tota' 6hall be the 6um of the mellA.R.R.L.-AMERICAN RED CROSS
UNDERSTANDING
The purpose of this understanding between the
American Red Cross and the American Radio
Relay League is to secure maximum co-operation
in time of disaster. The Board of Directors of the
American Radio Relay l"eugue at its meeting June
I, 1940. considered the relationships of the American amateur radio frat.ernity with the American
Red Cross in time of disasters involving disruption
of communication.
The American Radio
the American Red Cross as
by Congress to represent the
carrying on disaster relief
primary agency.

The American Red
amateur radio service,
geographical station coverage,
available stations possCS8ing emergency power
supply, can render valuable aid in re-establishing
communication when other facilities have been
disrupted.
The American Red Cross welcomes the co-operation of the American Radio Relay League with
local Red Cross chapters to extend radio planning
into chapter jurisdictions and to correlate amateur
radio operations to assure the best possible communications by such facilities. This co-operation
with American Red Cross chapters may be furthered by individual chapters' designation of an
American Radio Relay League Emergency Coordinator to serve as a member of the Red Cross
Chapter Sub-Committee on Transportation and
Communication as recommended in the Chapter
Disaster Preparedness & Relief Manual, ARC 209.

sages, a method of counting is used. Each time
a message is handled by radio it counts one in
the total.
A message received in person, by telephone,
by telegraph, or by mail, filed at the station and
transmitted by radio in proper form, counts as
one originated_
A message received by radio and delivered in
person, by telephone, telegraph, or mail, counts
as one delivered.
A message received by radio and sent forward
by radio counts as two messages relayed (one
when received and again one when sent forward).
A "service" message counts the same as any
other type of message.
In addition to the basic count of one for
each time a message is handled by radio, an
extra credit of one point for each delivery made
by mail, telephone, in person, by messenger
or other external means other than use of
radio (which would count as a "relay" of
course) will also be allowed. A message received
by an operator for himself or his station or
party on the immediate premises counts only
"one delivered." A message for a third party
delivered by additional means or effort will
receive a point under "extra delivery credits."

sages originated, delivered and relayed and
the "extra" delivery credits. Each station's
message file and log shall be used to determine
the report submitted by that particular
station. Messages with identical texts (aocalled rubber-stamp messages) shall count
once only for each time the complete text, preamble and signature are sent by radio.
Lea~ue Operatin~ Or~anizatjon

Your A.R.R.L. arranges amateur operating activities, promotes preparation and organization for communications emergencies,
establishes procedure to aid efficient operation,
encourages good operating and maintains a
strong field organization. The Communications
Department of the League is concerned with
the practical operation of stations in all
branches of amateur activity. Appointments
and awards are available for rag chewer,
'phone operator, traffic enthusiast and DX
man, It is the League's policy to benefit each
group concerned along lines of natural interest.
All activities have specific objectives with
widest participation invited. This insures maximum fun and benefit to the whole fraternity.
Whether your activity is directed toward
'phone or telegraph, there is a place for you in
League organization.
We live in an age of specialization, and
A.R.R.L. appointees specialize in particular
branches of amateur operation for which they
have special interest, aptitude or equipment.
The voluntary acceptance of organization appointment carries prestige. It is a symbol of
the mature, serious, accomplished amateur.
Appointment also entitles the individual to
certain bulletins that carry the first facts on
new items of legislation and regulation as well
as reports on activity and operating announcements. Every amateur should aim to become
and remain a member of the League, and take
an active part in his society and field organization work. There is fun and profit in doing
this.
Complete information on all appointments
and League awards for working all states
(WAS), working all countries (WAC), the DX
Century Club, etc., is included in the booklet,
"Operating an Amateur Radio Station." Members of the League may obtain a copy free
upon request; to others, a charge of 10 cents is
made.
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Regulations and Data
"Q" Code

Abbreviations - Country ListAmateur Regulations

IN THE REGULATIONS accompanying the existing International Radiotelegraph Convention
there is a very useful internationally-agreed code designed to meet major needs in international radio communication. This code follows. The abbreviations themselves have the meanings
shown in the" answer" column. When an abbreviation is followed by an interrogation mark (1)
it assumes the meaning shown in the" question" column.

Abbr.-

Question

~ation

Answer

QRA
QRB

What is the name of your station?
How far approximately are you from my station?

QRC

What company (or Government Administration)
settles the accounts for your station?

QRD
QRG

Where are you bound aod wbere are you from?
Will you tell me my exact frequency (wave-length)
in kc/s (or m)?
Does my frequency (wave-length) vary?
Is my note good?
Do you receive me badly? Are my signals weak?
What i. the legibility of my signals (1 to 5)?
Are you busy?

QRH
QRI

QRJ

QHK
QRL

QRM
QRN
QRO
QRP
QRQ
QRS
QRT
QftU
QRV
QRW
QRX

Are you being interfered with?
Are you troubled by atmospherics?
Sha.ll I increase power?
Sha.ll I decrease power?
Sha.ll I send faster?
Sha.ll I send more slowly?
Sha.ll I stop sending?
Have you anything for me?
Are you ready?
Sha.ll I tell •••••••• that you are calling him on
. . . " ... kc/s (or ........ m)?
Sha.ll I wait? Wben will you call me again?

QRY

What i. my tUfn?

QRZ
QSA
QSB
QSD
QSG

Who is calling tne?
What i. the strength of my signals (1 to 5)?
Does the strength of my signals vary?
Is my keying correct; are my signals distinct?
Shall I send ••••.•.. telegrams (or one telegram)
at a time?
What i. the charge per word for ........ including
your internal telegraph charge?
Shall I continue with the trall8mission of all my
traffic. I can hear you through my signals?
Can you give me acknowledgment of receipt?
Shall I repeat the last telegram I sent you?
Can you communicate with
direct (or
through the medium of •....... )?
Will you retransmit to ........ free of charge?
Has the distress call received from ......•• been
cleared?
Shall 1 send (or reply) on •....... kc/s (or m) and/
or on waves of Type AI. A2. A3. or B?
Shall I send aseriel! of VVV ........ ?

QSJ

QSK
QSL
QSM
QSo

QSP
QSR
QSU
QSY

The name of my station is ...... .
The approximate distance between our statioIL."t
i. ..... . nautical mil... (or ....... kilometers).
The account. for my station are settled by the
........ company (or by the Government Administration of
...... ).
I am bound for ........ from ....... .
Your ex9-ct frequency (w9-ve-length) is ........ kc/s
(or ....... m).
Your frequency (w9-ve-length) varies.
Your note varies.
I cannot receive you~ Your signals are too weak.
The legibility of your signal. is .... (1 to 5).
I am busy (or I am busy with ........ ). Please do
not interfere.
I am being interfered with.
I am troubled by atmospherics.
Increase power.
Decrea.se power.
Send faster ( ..•....• words per minute).
Send more slowly (. ....... words per minute).
Stop sending.
I hsve nothing for you.
I am ready.
•
Please tell ••.•.•.• that I am calling him on •.....•
kc/s (or. . . .. .. m) •
Wait (or wait until I have finished communicating
with ••.••.•• ) I will ca.ll you at ........ o'clock
(or immediately).
Your turn is No•.••••.•• (or according to any other
method of arranging it).
You are being ca.lled by
..... .
The strength. of your .ignal. is ........ (l to 5).
The strength of your signals varies.
Your keying is incorrect; your signals are bad.
Send
telegrams (or one telegram) at a
time.
The charge per word for ........ i•.•...... francs,
including my internal telegraph charge.
Continue with the transmission of all your traffic, I
will interrupt you if necessary.
I give you acknOWledgment of receipt.
Repeat the l....t telegram you have sent me.
I Can communicate with .....••• direct (or throngh
the medium of ...•.... ).
I will retransmit to . . . . . • .. fr.. of charge.
The distress ca.ll received frem ••.••..• ha. been
cleared by ....... .
Send (or reply) on ..•....• kc/s (or •....... m)
and/or on waves of Typc AI. A2. A3. or B.
Send a series of VVV ....... .
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Anewer
-------.--~

Will you send on ........ kc/s (or ........ Itt)
and/or on waves of Type AI. A2. A3, or B?
Will you listen for ........ (call .ign) on ........
kc/s (or ...... " m)?
Shall I change to traruJlnillllion on ........ kc/s (or
...... m) without changing the type of wave? or
Shall I change to transmission on another wave?
Shall I send each word or group twice?
Shan I cancel telegram No. ........ &II if it had
not been sent?
Do you agree with my number of words?
How many telegrams have you to send?
What is my true bearing in relation to you?
or
What i. my true bearing in relation ........ (call
sign)?
or
What is the true bearing of ........ (call slvn) in
relation to ........ (call sign)?

QTG

om
QTI

QTJ

OTM
QTO
QTP
QTQ
QTR

QTU
QUA
QUB

Que
QUO

OUF

QUG
QUB
QUJ

QUK

QUL
QUM

Will you give me the position of my station a.cording to the bearings taken by the direction-finding
stations which you control?
Will you send your call sign for fifty seconds followed by a dash of ten seconds On ........ kc/s
(or ........ m) in order that I may take your
bearing?
What i. your position in latitude and longitude (or
hy any other way of showing it)?
What is your true course?
What i. your speed?
Send radioelectric signals and submarine sound signals to enable me to fix my bearing and my distance.
Have you left dock (or port)?
Are you going to enter dock (or port)?
Can you communicate with my station by means
of the International Code of Signals?
What is the exact time?
What are the hours during which your station is
open?
Have you news of ........ (call sign of the mobile
station)?
Can you give me in this order, information concerning: visibility, height of clouds, ground wind for
.. .. .. .. (plMe of observation)?
What is the last measage received by you from
........ (call sign of the mobile station)?
Have you received the urgency signal sent by
........ (call sign of the mobile station)?
Have you received the dietreas signal sent by
........ (call sign of the mobile station)?
Are you being forced to alight in theae .. (or to land)?
Will you indicate the present barometric pr.... ure
at sea level?
Will you indicate the true couroe for me to follow.
with no wind. to make for you?
Can you tell me the condition of the sea observed
at ........ (place or coordinates)?
Can you tell me the swell observed at ....... .
(place or coordinates)?
Is the distress traffic ended?

...--~

-

---

...

I am going to send (or I will send) on ........ kc/s
(or ........ m) and/or on waVes of Type AI, A2,
A3, or B.
I am listening for ........ (call silPl) on ........
kc/s (or ........ m).
Change to transmission On •.•..•.. kc/s (or ...... .
m) without cbanging the type of wave
or
Change to transmission on another wave.
Send each word or group twice.
Cancel telegram No. ........ l1li if it had not been

sent.
I do not agree with your number of words; I will repeat the Ilrst letter of cach word and the firnt figure
of each number.
I have ....... telegrams for you (orfor ....... ).
Your true bearing in relation to me is '. ". degrees or
Your true bearing in relation to ........ (call eign)
is ........ degrees at ......•• (time)
or
The true bearing of ........ (call sign) in relation
to ...... (call sign) is .. ... .. degrees at .•.....
(time).
The position of your station according to the bearings
taken by the direction-finding stations which I control i•........ latitude ........ longitude.
I will Bend my call.ign for tifh' seconds followed by"
dash of ten .econds on ........ kc/s (or ....•...
m) in order that you may take my bearing.
My position is ...... , . latitude ........ longitude
(or by any other way of showing it).
My true course is ........ degrees.
My speed i•. , ...... knots (or ........ kilometers)
per hour.
I will send radioel.ctric signata and submarine sound
signals to enable you to fix your bearing and your
distance.
I have just left dock (or port).
I am going to enter dock (or port).
I am going to communicate with your station by
means of tbe International Code of Signaia.
The exact time i. . ...... .
My station i. open from ........ to ...... ..
lIere is news of ........ (call sign of the mobile station).
Here is the information requested ....... .
Th.last measage received by me from ........ (call
sign of the mobile station) is .. .. . ..
I have ree.eived the urgency signal sent by
(call sign of tbe mobile station) at .. . . (time).
I have received the distress signal sent by
(call sign of the mobile station) at .. .. ..
(time).
I am forced to alight (orland) at ........ (place).
The present barometric pres.ure at sea level is
........ (units).
The true course for you to follow. with no wind, to
make for me is ........ degrees at ........
(time).
The sea at .. .. . .. (place or coordinates) is ....... .
The swell at ........ (place or coordinates) is
The distress traffic is ended.

m_

Special abbreyiatlons adopted by the A.R.R.L••

QST General call preceding a
addr......d to all amate1ll'1J and A.R.R.L. Membert!. This i.e in effect "CQ ARRL."
QRR Official A.R.R.L. "land SOS." A distr_ call for uae by Btations in emergency Ion.. only.
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Scales Used in

Expressin~ Si~nal Stren~th

and Readability

(See QRK and QSA in the Q Code)

Strength

Readability

QSAI. ............................ Barely perceptible
QSA2 ............................. Weak
QSA3 ............................. Fairly good
QSA4 ............................. Good
QSA5 ............................. Very good

QRKI ....................... Unreadable
QRK2 ...................... Readable now and then
QRK3 ....................... Readable with difficulty
QRK4 ....................... Readable
QRK5 ....................... Perfectly readable

• ABBREVIATIONS

FB
FD
FIL
FM
FONES
FR
FREQ
GA
GB
GBA
GE
GG
GM
GN
GND
GSA
HAM
HBN
HI
HR
HRD
HV

In amateur work many frequently-used
words are abbreviated. Many of these abbreviations have the sanction of international
regulations but others come from the old press
codes and many have been made by amateurs
themselves. Together, with the "Q Code,"
they constitute a miniature language frequently called" QST English," from the name
of the A.R.R.L.'s magazine. We list below the
more frequently encountered abbreviations.
While some are purely arbitrary, it will be
noted that some are simple phonetic spellings,
others are the first and last letters of a word,
some simply eliminate vowels, some use the
letter x to replace part of a word, etc.
AA
AB
AL
BN
ABT
ACCT
ADR
AGN
AMP
AMT
ANI
BCL
BCNU
BD
BK
BLV
BN
BPL
BTN
BUG
C
CANS
CFM
CK
CKT
CL
CLD
CM
CRD
CD-CUD
CUL
CW
DH
DLD-DLVD
DLY

DX
ES

All after ........ (to be used after
a ? to ask for a repetition).
All before ........ (to be used after
a 1 to ask for a repetition).
All that bas just been sent (to be
used after a ? to ask for a repetition).
All between ........ (to be used
after a ? to ask for a repetition).
About
Aecount
Addre ..
Again
Ampere
Amount
Any
Broadcast listener
Be seeing you
Bad
Break
Believe
Been, all between
Brass Pounders' League
Between
Vibroplex: key
Yes
Phones
Confirm (or I confirm)
Cbeck
Circuit
Closing station; call
Called
Communications Manager
Card
Could
See you later
Continuous wave
Dead bead
Delivered
Delivery
Distance
And

ICW
JM

LID
LTR
MA
MG
MILS
MSG
ND
NIL
NM
NR
NSA
NW
OB
OC
OM

00
OPN
OPS
OP-OPR
ORS
OT
OW
PBL
PP
PSE
PUNK

PX
R
RAC
RCD
RCVR
RDO
RI
RM
RPT
SA
SCM
SED
BEZ

Fine business, excellent
A.R.R.L. Field Day
Filament
From
Telephones
For
Frequency
Go ahead (resume sending)
Good-bye
Give better address
Good evening
Going
Good morning
Gone, good night
Ground
Give BOIDe address
Amateur, brass-pounder
Have been, has been
Laugbter, bigb
Here, hear
Heard
Have
Interrupted continuous wave
If I may transmit, send a series of
dashes. To stop my transmission,
send a series of dots.
.. Lid," a poor operator
La ter, letter
Milliampere
Motor-generator
Milliamperes
Messa.ge
N otbing doing
Notbing
No more
Number. near
No such address
Now
Old Boy, Official Broadcast
Old chap
Old Man
Official Observer
Operation
Official 'Phone Station
Operator
Official Relay Station
Old timer, old top
Old woman
Preamble
Push-pull
Please
Poor operator
Press
Are, all rigbt, O.K.
Rectified alternating current
Received
Receiver
Radio
Radio Inspector
Route Manager
Repeat
Say
Section Communications Manager
Said

Says
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BIG

Signature

SIGS

Signa.1s

SINE

Sign, pe",onal initials
Schedule
A.R.R.L. Sweepstakes Contest
Service
Traffic
Thanks

SKE,D

SS
SVC
TFC
TKS-TNX-TU
TNG
TMW
TT
U

UR
URS
VT
VY
WA
WB
WD
WDS
WKD
WKG
WL
WT
WUD
WX
XMTR
XYL
YF
YL
YS
73
88

Thing

Tomorrow

That
You
Your, you're
Yours
Vacuum tube
Very
Word after ........ (to be used
after a ? to request a repetition).
Word before ........ (to be used
after a ? to request a repetition).
Would, word
Words
Worked
Working
Will
What, wait, watt
Would
Weather
Transmitter
Wife
Wife
Young lady
Your servioe m~age
Boot regards
Love and kisses

• PREFIXES
Alaska..........
.. ...... ...... .... K7
Antarctica, ....................... "...... . KC4
Baker Island, Howland Island, Am. Phoenix Islands.. .................
. ........... KF6
Canal Zone ............................ K5, NY1, NY2
Guam .......... , .............. , .. _ .. .. •. .. KB6
Guantanamo ..... _......... _ ... ' ., .. .... .... NY4
Hawaiian Islands ........ _, .... , .. ,
K6
Jarvis Island, Palmyra Group ....... , . .. .. . . .. KG6
Johnston Island. • . . . . . .. "................. KE6
Midway Island.... ..
.. .. .... .. .. .. .... KD6
Philippine Islands.. . .
. . .. .. .. .. .. .. .... KA
Puerto Rico. .. .. .. . ... .. .
. ... .. . .. .. . K4
Samoa, American, , . . ..
. ........ ,
KH6
Swan Island .. .. .
. .. ..
KD4
United States, . . . . . . .. .. .. .. .. .. .. ..
W [N]
Virgin Islands.. . .. ..
.. .. .. . .. .. ..
KB4
Wake group.. .. .
.. . .. . .. .. .. .. .. .... KC6

• UNITED STATES AMATEUR
REGULATIONS
Pursuant to the basic communications law,

general regUlations for amateurs have been
drafted by the Federal Communications Commission. The number before each regulation is
its official number in the complete book of regulations for all classes of radio stations as issued
by the Commission; the number of each regulation is of no consequence to the amateur, except
as a means of reference.
These regulations are correct as of October 1',
1940. As the regulations are subject to change
from time to time, it is recommended that
The RadiQ Amateur's License Manual (25~
postpaid, from the A.R.R.L.) be consulted for
latest official regulations, since it is always kept
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up-to-date either by frequent revisions or by
the inclusion of a "change-sheet" giving necllssary corrections. It is not expected that any
changes of importance will have been made during 1940 but if studying for a license it is best
to take no chances, and the License Manual
should always be consulted for the text of regulations in such cases.
GENERAL REGULATIONS APPLICABLE TO
AMATEURS
1.71. App!;"ation8 mad. "" prescribed/erm•. Each application for an instrument of authorization .hall comply with
the Commission's Rules and Regulations and shall be made
in writing . . • on a form furnished by ••• the CommisBion..•• Separate application shan be filed for each
instrument of authoriz .
• •• The required
forms rna.
*
mmisaion or from any of
its field
offices and related geographical districts see the table following these regalations.)
1.351.
copies. Each application
for • • •
respect to the number of
copies a
.
lows: •••
g. Amateur: 1 copy to be Bent as follows: (a) To proper
district office if it requires personal appearance for operator
examination under direct supervision from that office; (b)
direct to Washington, D. C., in all other eases, including
examinations for Clasa C privileges.
1.359. ModijUmlio .. 0/ licen••• .•• eaoh application for
modification of license shan be filed at least 60 days prior to
the contemplated modification of license: Pr""ided, howe_,
That in emergencies and for good oause shown, the requirements hereof may be waived insofar as time for filing is
concerned.
1.360. Renewal o/l;"e..... Unless otherwise directed by the
Commission, each application for renewal of license shan be
filed at least 60 days prior to the a-.:piration date of the
lieense sought to be renewed.
1.391. Anew.... to notice. oj violalio ... Any licensee receiving official notice of a violation of the terms of the Communications Act of 1934, alll legislative act, Executive
order, treaty to which the Umted States is a party. or the
Rules and Regulations of the Federal Communioations
Commission, shall, within 3 days from such receipt. send a
written answer direct to the Federal Communications Commission at Washington, D. C .. and a copy thereof to the
office of the Commission originating the official notice when
the originati~ office is other than the office of the Commission in Washington, D. C.: Provided, h01JJe..... That if an
anBwer oannot he sent nor an acknowledgment made within
such 3-day period by reason of illness nr other unavoidable
circumstances, aoknowledgment and anBwer shall be made
at the earliest practicable date with a satisfactory explana'
tion of the delay. The answer to each notice shall be com·
plete in itself and shall not be abbreviated by reference to
other communications or answers to other notices. If the
notice relates to some violation that may be due to the
physical crr electrioal characteristics of transmitting apparatus, the anewer shall state fully what steps. if any, are taken
to prevent future violations, and if any new apparatus is to
be InBtalled, the date suoh apparatus was ordered, the name
of the manufacturer, and promised date of delivery •••• If
the notice of violation relates to sOme lack of attention or
improper operation of the transmitter, the name and license
number of the operator in oharge shall be given.
1.401. RlJ'DQCatio.. 0/ 8lation licen8e. Whenever the Commission shall institute a revooation proceeding against the
holder ohny radio station ••• license • • • it shall initiate
said proceeding by serving npon said licensee an order of
revocation effective not less than 15 days after written
notice thereof is given the licensee. The order of revooation
shall contain a statement of the grounds and reasons for such
proposed revocation and a notice of the licensee's right to
be heard by filing with the Commission a written request for
hearing within 15 days after receipt of said order. Upon the
filing of snch written request f
•
order of revocation shaII stan
sion will set " time and place for
0
licensee and other interested pa
request for hearing on any order of revocation is made by the
licensee "I!"inat whom such an order is directed within the
time hereinabove set forth, the order of revocation shan
become final and effective, witbout further action of the
Commission. When any order of revocation has become final.
the person whose license has been revoked shall forthwith
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deliver the station license in question to the inspector in
charge of the district in which the licensee resides.
1.411. Suapension .J operator licen.e., Order oj a""penBion.
No order of suspension of any operator's license sha.ll take
effect until 15 days' notice in writing thereof, stating the
cause for the proposed BUBpension, h ... been given to the
operator licensee who
.
the
Commission at an .
ing
upon such order.
not
he effective until actually received by him, and from that
time he shall have 15 days in which to mail the said application. In the event that phyeical conditions prevent mailing
of the application at the expiration of the 15-day period, the
application shaU then be mailed as BOOn as possible thereafter, accompanied by a satisfactory explanation of the
delay. Upon reeeipt by the Commission of such application
for a hearing. said order of suspension eha.lI he held in
abeyance until the conclusion of the hearing which shall be
conducted under such rules ... the Commission shall deem
appropriate. Upon the conclusion of said hearing the Commission may affirm, modify, or revoke said order of suspension.
1.412. Su.pensi.n oj operator li"""u.: Proceadinqa. Proceedings for the suspension of an operator's license shall in
all cases be initiated by the entry of an order of suspension.
Respondent will be given notice thereof together with
notice of his right to be heard and to contest the proceeding.
The effective date of the suspension will not he specified in
the original order but will be fixed by subae<iuent motion of
the Commission in accordance with the conditions specified
above. Notice of the effeetive date of suspenaion will be
given respondent, who shall send his operator license to the
office of the Commission in Washington, D. C, on or before
the said effective date, or, if the effective date h;;; passed at
the time notice is received, the license sha.ll be sent to the
Commission forthwith.
2.45. Lke"s, ezpiratitm ti..... and period.. Each station
license will be issued so as to expire at the hour 3 A.M. eastern
standard time. The normal license periods and expiration
dates are specified under the rules governing the class of
station concerned. (See Sec. lS.84 oj amateur regula/om" for
amateur station-license period.)
2.4S. Slntion i""peetion. The licensee of any radio station
shall make the station available for inspection by representatives of the CommiBBion at any reasonable hour and under
the regulations governing the class of station concerned.
2.53. Operators, place oj duty. (a) Except as may be provided in the rules governing a particular class of station, one
or more licensed operators of the grade specified by these
rules and regulations shall be on duty at the place where the
transmitting apparatus of each station is loeated and in
actual charge thereof whenever it is being operated; Provided, however, That; (1) Subject to the provisions of paragraph (b) of this section, in the case of a station licensed for
service other than broadcast, where remote control is used,
.
requirements
made so that
such operator or operators
at the control
station in lieu of the place where the trall8lllitting apparatus
is located .•.•
(b) Authority to employ an operator at the control point
in accordance with paragraph {a) (1) of this section shall be
subject to the following conditiolls:
(1) The transmitter shall be 80 installed and protected
that it is not accessible to other than duly authorized
persons.

(2) The emiBBions of the transmitter shall be continuously monitored at the control point by a licensed
operator of the grade specified for the cia•• of station
involved.
(3) Provision shall be made so that the transmitter can
quickl,y and without delay he placed in an inoperative
conditlOn in the event there is a deviation from the terms
of the station license.
(4) The radiation of the transmitter shall be suspended
immediately when there is a deviation from the terllll! of
the station license.
2.59. Distre8
.....
Eacho ~s~~ta~t~~if.0n::,~I:~;:IIr:·~a~jr:
aheolute
priority
to ssages.
radio commu
.
to shipa or aircraft in distress; eha.lI cease
sending on
frequencies which will interfere with hearing a radio communication or signal of distr..... . ••
2.91. MiliWy or naval lest commu.nicatio1ul. The licensee
of any radio station may, if proper notice from authorized
government representatives is filed with and a.pproved by
the Commi.ssion, utilize such stations for military or naval
test communications (messages not necessary for the conduct of ordinary governmental business) in preparation for
national defense during the period or periods stated in said
notice subject to the sole condition that no interference to

any service of another country will result therefrom. Nothing herein or in any other regulation of the Commission shall
be construed to require any such station to participate in
any such test.
AMATEUR REGULATIONS
DEFINITIONS

12.1. Amateur 861'1>ice. The term .. amateur service"
means a radio service carried on by amateur stations.
12.2. Amateur .lntion. The term .. amateur station" meaU8
a station used by an .. amateur," that is, a duly authorized
person interested in radio technique solely with a personal
aim and without pecuniary interest. It embraces all radio
transmitting apparatus at a particular location used for
amateur service and operated under a single instrument of
authorization.
12.3. Amateur porlnbl. alation. The term" amateur portable station" means an amateur station that is portable
in fact, that is so constructed that it may conveniently be
moved about from place to place for co=unication, and
that is in fact so moved from time to time, but which is not
operated while in motion.
12.4. Amateur portabl""mcbil<t .Iation. The term" amateur
portable-mobile station" means an amateur station that is
portable in faet, that is so constructed that it may conveniently he transferred to or from a mobile unit or from
one such unit to another. and that is in fact so transferred
from time to time and is ordinarily used while such mobile
unit is in motion.
12.5. Amateur radio communication. The term .. amateur
radio communication" means radio communication between
amateur stations solely with a personal aim snd without
pecuniary interest,
12.6. Amateur operator, The term "amateur operator"
means a person holding a valid liceMe iBBued by the Federal
Communications Commission authorizing him to operate
licensed amateur statiollll.
LICENSJIlS; PRIVILEGES

12.21. Eligibility for lie""••• The following are eligible to
apply for amateur operator license and privileges:
Class A - A United States citizen who has within five
years of receipt of application held license as an amateur
operator for a year or who in lieu thereof qualified under
Section 12.46.
Clasa B - Any United States citizen.
Cltu. C - A United States citizen whose actual residence,
address, and station, are more than 125 miles airline from
the nearest point where examination is given at least quarterly for Class B; or is shown by physician's certificate to be
unable to appecr for examination due to protracted disability; or is shown by certificate of the oommanding officer
to he in a camp of the Civilian Conservation Corps or in the
regular military Or naval service of the United States at a
military poot or naval station and unahle to appear for Class
B examination.
12.22. ClassijU;atim of operating pri~il.g'8. Amateur
operating privileges are as follo"1I:
Clas. A - All amateur privileges.
CIa •• B - Same ... Class A except specially limited as in
Seetion 12,114.
Class C - Same ... Cl..... B.
12.23. Scope of operator authority. Amateur operators
licenses are valid only for the operation of licensed amateur
stations; pro»ided, MWBTJer, any person holding a valid radio
operator's license of any cl..... may operate stations in the
experimental service licensed for, and operating on, frequencies above 300,000 kilocycles.
12.24. P.stin{) of licen.... The original operator's license
sha.ll be posted in a conspicuous place in the room occupied
by such operator while on duty or kept in his personal
poaseasion and available for inspection at all times while the
operator is on duty, except when such license has been filed
with application for modification or renewal, or has been
mutilated, lost, or destroyed, and application has been
made for a duplicate.
12.25. Duplicate
Any licensee applying for a
duplicate license to replace an original which has been lost,
mutilated, or destroyed, sha.ll submit to the Commission
such mutilated license or affidavit attesting to the facts regarding the manner in which the original was lost or destroyed. If the original is later found, it or the duplicate shall
he returned to the Commission.
12.26. Renewal oj amateur operator license. An amateur
operator license may be renewed upon proper application
and a showing that within three months of receipt of the
application by the Commission the licensee has I.. wiully

lk......
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operated an amateur station licensed by the Commiasion,
and that he has communicated bx radio with at lea.at three
other such amateur stations. FaIlure to meet the requirements of this section will make it necessary for the applicant
to again qualify by examination.
12.27. Who may operate an amateur 8tation. An amateur
station may be operated only by a person holding a valid
amateur operator's license, and then only to the extent

f~$~i1[c'!,;~! ~: ;~~o%~~. °V~!~il~esa!:t:~:~t!ri~~P::;

radiotelephony (type A-3 emission) the licensee may permit
any person to transmit b;V voice, provided a duly licensed
amateur operator maintaInS control over the emiasions by
turning the carrier on and off when required and signB the
station off after the transmiasion has been completed.
EXAMINATIONS

12.41. When required. Examination i. required for a new
license as an amateur operator or for change of class of
privileges.
12.42. m.menl8 0/ examination. The examination for amateur operator privileges will comprise the following elements:
1. Code test - ability to send and receive, in plain language, messages in the International Morse Code at a speed
of not less than thirteen words per minute, counting five
characters to the word, each numeral or punctuation mark
counting as two characters.
2. Amateur radio operation and apparatus, both telephone and telegraph.
3. Provisions of treaty, statute and regulations affecting
a.mateurs.
4. Advanced amateur radiotelephony.
12.43.
lor ~ariot18 fl/'i1lil1J(l1J8. Examinations for Class A pri
will include all four examination
elements as specified
Examinations for Classes Band C privileges will include
elements 1, 2, and 3 as set forth in Section 12.42.
12.44. Manner 0/ conducting IIZamination. Examinations
for Class A and Class B privileges will be conducted by
an authorized Commiasion employee or representative at
points BJilecified by the Commiasion.
Exammations for Class C privileges will be given by volunteer examiner(s), whom the Commiasion may designate or
permit the applicant to select: in the latter event the examiner giving the code test shall be a holder of an amateur
license with Class A or B privileges, or have held within five
years a license as a professional radiotelegraph operator or
have within that time been employed as a radiotelegraph
operator in the service of the United States: and the examiner for the "Titten test, if not the Same individual, shall be
a person of legal age.
12.45. Additional examination lor Aoz,w.. 0/ Class C
fl/'i.1Iileges. The Commission may require a licensee holding
Class C privileges to appear at an examining point for a
Class B examination. If such licensee fails to appear for
examination when directed to do so, or fails to pass the
supervisory examination, the license held will be canceled
and the holder thereof will not be iS80ed another license for
the Class C privileges.
"''"henever the holder of Class C amateur operator privileges changes his actual residence or station location to a
point where he would not be eligible to apply for Class C
pri vileges in the first instance. or whenever a new examining
point is established in a region from which applicants were
J1reviously eligible for Class C privileges, such holders of
Class C privileges shall within four months thereafter appear
at an examining point and be examined for ClMS B privileges. The lieense will be canceled if sueh licensee fails to
appear, or fails to pass the examination.
12.46. E:mmination abridg
rivileges, who holds .. license
ent,
.
only the
2.42.)

C privileges will not be accorded an
abridged examination for either Class B or Class A privileges.
An applicant who has held a license for the class of privileges specified below, within five years prior to receipt of
application, will be credited with examination elements ""
fonows:

No examination credit is given on aceount of license 01
Radiotelephone llrd Cl..... , nor lor other class 01 Heen.., or
privileges not above listed.
12.47. Examination fl/'ocedure. Applicants shall write
examinations in longhand - code tests and diagrams in ink
or pencil, written t<'fits in ink - except that applicants unable to do so because of physical disability may typewrite
or dictate their examinations and, if unable to draw required
diagrams, may make instead a detailed description essentially equivalent. The .xaminer shall certify the nature of
the applicant's disability and, if the eXamination is dictated.
the name and address of the person(s) taking and transcrib·
ing the applicant's dictation.
12.48. Grading. Code tests are graded as passed or failed,
separately for sending and receiving tests. A code test is
railed uuless free of omission or other error for a continuoua
period of at least one minute at required speed. Failure to
pass the required code test will terminate the examination.
(See Bec. 12.49.)
A Pa&'!inll grade of 75 per cent is required separately for
Class B and Class A written examinations.
12.49. Eligibility/or rehamination. An applicant who faiia
examination for amateur privileges may not take another
examination for such privileges within two months, except
that this rule shall not apply to an examination for Class B
following one for Class C.
LICENSES

12.61. Eligibility lor amateur .tation lietm86. License for an

amateur station will be issued only to a licensed amateur
operator who has made .. satisfactory showing of control of
proper transmitting apparatus and control of the prerulses
upon which such apparatus i. to be located; provided, however, that in the case of an amateur station of the military
or Naval Reserve of the United States located in approved
public quarters and established for training purposes, but
not operated b;V the United States Government a station
lieense may be ISSUed to a person in charge of such a station
although not a licensed amateur operator.
12.62. Eligt.'bilily 0/ corporation. or organization8 to hold
lieen.e. An amateur station license will not be issued to a
school, company, oorporation, association, or other organization: nor for their use: provided, howcoer, that in the CaBe
of a bona fide amateur radio society a station license may be
issued in accordance with Section 12_61 to a licensed amateur operator as trustee for such society.
12.63. Location o/.talia'll. An amateur radio station. and
the ""ntrol point thereof when remote control is authorized
shall not be located on premises controlled by an alien.
12.64. Liceme period. License for an amateur station will
normally be for a period of three years from the date of
issuance of a new, renewed, or modified license.
12.65. AulA~ operation. An amateur station license
authorizes the operation of all transmitting apparatus used
by the licensee at the location specified in the station license
and in addition the operation of pOrtable and portablemobile stations at other locations under the same instrument
of authorization.
12.66. Renewal 0/ amateur 8tation license. An amateur station license may be renewed upon proper application and a
showing that, within three months of receipt of the application by the Commission, the licensee thereof has lawfully
operated such station in eommunication by radio with at
least three other amateur stations lieensed by the Commission, except that in the ease of an application for renewal of
station license issued for an amateur society or reserve
group. the required operation may be by any licensed amateur operator. Upon failure to comply with the above requirements, a successor license will not he granted until two
months after expiration of the old license.
The original of each staf shall be posted by the
the room in which the
transmitter is located or kept in the personal possession of
the operator on duty, except when such license has been
filed with application for modification or renewal. or has
heen mutilated, lost, or destroyed, and application haB been
made for a duplicate.
CALL SIGNALS

Class o/license Or pri.ileges

Credil8

Commercial extra first .... , . . . . . . • •.
Radiotelegraph 1st, 2nd, or 3rd. . . . . .
R.adiotelephone 1st or 2nd. . . . . . . . .•
Class A ............ , . . . . . . • . . . . • . •

Elements 1, 2 & 4
Elements 1 & 2
Elements 2 & 4
Elements 2 & 4
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12.81. Assignment 0/ call letters. Amateur station calls will
be assigned in regular order and special requests will not be
considered except that a call may be r""""igned to the latest
holder, or if not under license during the past five years to
any previous holder, or to an amateur organization in
memoriam to a deceased member and former hoider, and
particular calls may be temporarily assigned to stations eonnected with events of general public interest.
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12.82.
8iunal_/oT mmnim.o/ U.S.N.R. In the e!llle of
an amateur licensee whose station i. licensed to a regularly
commissioned or enlisted member of the United States
Naval Reserve, the Commandant of the naval district in
which such station is located may authori.e in his dilleretion
the use of the call-letter prefix N in lieu of the prefix Wor K,
assigned in the license iss
ided
that such N prefix shall
perating in
the frequency bands 1750-2050
c ea, 3500-4000
kilocycles, 56.000-60,000 kilocycles, and 400,000-401.000
kilocycles in accordance with instructions to be i.sued by
the Navy Department.
12.83. Transmission 0/ call sirmals. An operator of an
amateur station shall transmit its assigned call at the end of
each transmission and at least once every ten minutes during
transmission of more than ten minutes' duration: prorrided,
however, that transmission of less than one minute duration
from stations employing break-in operation need be identi·
fied only once every ten minutes of operation and at the
termination of the correspondence. In addition, an operator
of an amateur portable or portable-mobile radiotelegrapb
station shall transmit immediately after the call of the .tation the fraction-bar charactsr (DN) followed by the num·
ber of the amateur call area in which the portable or porta·
ble-mobile amateur .tation i. then operating, as for example:
Example 1. Portable or portable-mobile amateur station
operating in the third amateur call area calla a fixed amateur
• tation: W1ABC WIABC WIABC DE W2DEF ])N3
W2DEF DN3 W2DEF DN3 AIt.
Example 2. Fixed amateur station answers the portable or
portable-mobile amateur station: W2DEF W2DEF W2DEF
DE WIABC W1ABC WIABC Ie
Example 3. Portable or portable-mobile amateur station
calla a portable or portable-mobile amateur station: W3GHI
W3GHI W3GHI DE W4JKL DN4 W4JKL
W4JKL
DN4AR.
If telephony is used, the call sign of the station .hall be
followed by an announcement of the amateur call area in
which the portable or portable-mobile station is operating.

rrN'4

12.91. Requirements lor portable and portable-mobile
operation. A licensee of an amateur station may operate

portable amateur stations (Section 12.3) in accordance with
the provisions of Sections 12.82, 12.83, 12.92 and 12.136.
Such licensee may operate portable and portable-mobile
amateur .tations without regard to Section 12.92, but in
compliance with Sections 12.82, 12.83 and 12.136, when
such operation takes place on authorized amatsur frequen·
cies above 28.000 kilocycles.
12.92. Special pr01>illiona lor portable alations. Advance
notice in writing shall be given by the IiceMee to the in.pector in charge of the district in which such portable .t....
tion is to be operated, Such notic"", shall be gIven prior to
any operation contsmplated, and .hallstate the .tation call,
name of licensee, the date of proposed operation, and the
locations as speoifi~ as possible. An amateur station ope ....
ating under this SectIon shall not be operated during any
period exceeding one month without givmg further notice to
the inspector in cbarge of the radio-inspection district in
which the station will be operated, nor more than four consecutive periods of one month at the same location. This
Section does not apply to the operation of portable or
portable-mobile amateur stations On frequencies above
28,000 kilocycles, (See Section 1~.91.)
12.93. Special provision. lor non-portabl, !lationa. The
provisions for portable stations shall not be applied to any
non-portable station except that:
a. An amateur station that has been moved from One
permanent location to another permanent location may be
operated at the latter location in accordance with the provisions governing portable etation. for a period not exceed·
ing sixt:y days, but in no event beyond the expiration date
of the heen.a, provided an application for modification of
license to change the permanent location h!lll been made to
the Commission.
~ •.The licensee !>f an amateur stati~n who is temporarily
resldmg at a locatIOn other than tbe lIcensed location for a
period not exceeding four months may for sucb period
operate his amateur station at his temporary addr_ in accordance with the provillions governing portable stations.

to communicate with amateur statioM. They may also make
transmission. to points equipped only with receiving apparatus for the measurement of emissioM, observation of
transmission phenomena, radio control of remote objeets.
and similar purely experimental purposes.
12.102. No remuneration lor uae of station. An amateur
station shall not be used to transmIt or receive messages
for hire, nor for communication for material compensation,
direct or indirect, paid or promilled.
12.103. Broadcastino prohibited. An ..mateur st ..tion sball
not be used for broadcasting any form of entertainment,
nor for the simultaneous retransmission by automatic means
of programs or signal'! emanating from any class of station
other than amateur.
12.104. Radiotelephone lesls. The transmission of music
by an amateur statIon is forbidden. HGwever, single audiofrequency tones may be transmitted by radiotelephony for
test purposes of short duration in connection with the development of experimental radio telephone equipment.
ALLOCATION OF FREQUENCIES

12.111. Frequencies lor exclusive u.se 0/ amateur stations.

The following bands of frequencies are allocated exclusively
for use by amateur .tatioM:
1,750 to
3.500 to
7,000 to
14,000 to

2,050 ke,
4,000 kc.
7,300 kc.
14,400 kc.

28,000
56,000
112,000
224,000
400,000

to
to
to
to
to

30,000 kc.
60,000 kc•
116,000 kc.
230,000 kc.
401,000 kc.

12.112. Use 0/ frequencies above 500,000 kilooycle•• The
licensee of an amateur station may, subject to change upon
further order, operate amateur stations, with any type of
emission authorized for amateur stations, on any frequency
above 300,000 kilocycles without separate lioenses therefor.
12.113. Indillidual/reqtlltncy not spUijied. Transmia.ions
by an amateur station may be On any frequency within the
bands assigned. Sideband freqnencies resulting from keying
or modulating a transmitter shall be confined within the
frequency band used.
12.114. Typea 0/ emission.' All bands of frequencies
allocated to the amateur service may be used without modu·
lation ('fype A-I emission).!
12.115. Additional bands/or types 0/ emission usino ampli·

tude modulotion. Tbe following bands of fre.quenciee are
allocated for use by amateur stations using addItional types
of emission 1 118 shown:
1,750 to 2,050 kc.
A-4
I,BOO to 2.050 kc.
A-3
28,500 to 30,000 kc.
A·3
A-3
A-4
56,000 to 60,000 kc.
A·2
112,000 to 116,000 kc.
A-3
A-4
A·2
A·5
224,000 to 230,000 kc.
A-2
A-3
A-4
A-5
400,000 to 401,000 kc.
A-3
A-4
A·2
A·5
12.116. Additional bands lor radiotelephony. Amateur sta·
tions may use radiotelephony with amplitude modulation
(Type A·3 emission) 1 in the freqnency bands 3900 to 4000
kc. and 14,150 to 14,250 kc.; provided the station is licensed
to a person who holds an amateur operator license endorsed
witb Claes A privileges, and actually is operated by an
amateur operator holding Class A privileges.
12,117. Frequency modulation. Tbe following bands of
frequencies are allocated for use by amateur stations for
radiotslephone frequency modulation transmission:"
58,500 to 60.000 ke.
112,000 to 116,000 ko.
224,000 to 230,000 ke.
400,000 to 401,000 ke.
EQUIPMENT AND OPERATION

12.131. Maximum power input. The licensee of an ama-

teur .tation is authorized to nse a maximum power inpnt of
1 kilowatt to the plate circuit of the final amplifier stage of
an oscillator-amplifier transmitter or to the plate circuit of
an oscillat
.
amateur transmitter operating
ing nine-hundred watts to the
cans for accurately measuring

trSE OF AMATEUR STATIONS

12.101. Point. 0/ communication. An amateur
shall communicate only with other amateur at
that in emergencies or for testing purposes it
e used
also for communica.tion with commercial or
ent
radio stations. In addition, amateur stations may communicate with any mobile radio station whioh i.Ucensed by the
Commi.a8ion to communicate with amateur stations, and
with stations of expeditions which may also be authorized
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!he plate power input to the vacuum tube, or tubes. supply-

Inll 1l0WAr to thA nntAnna.

12.132. Power 8upply 10 transmitter. The licensee of an
amateur station
encies below 60.000 kilocycles
shall use adequat
direct-current plate power supply for the
ipment to minimize frequency
modulation and to prevent the emission of broad signals.
12.13~. Requirements for pr""ention of interference. Spurious radIations from an amateur transmitter operating on a
frequency below 60.000 kilocycles shall be reduced or eliminated in accordance with good engineerinll' practice and
shall >:ot be of sufficient intensity to cause mterference on
.
recelvmg .seta
the frequency
type of emission
transmitter shall
tion capability t
tions occur and
amplitudormodulated in e"'cess of 100 per cent. M
be employed to insure that the transmitter is not modulated
[n excess of its modulation capability. A spurious radiation
IS any radiation from a transmitter which is outside the
frequency band of emission normal for the type of transmission employed. including any component wbOlle fror
quency is an integral multiple or submUltiple of the carrier
frequency (harmonics and Bubharmonics). spurious modulation products\ key clicks. lind other transient effects. and
parasitic oscil ations. The frequency of emill$ion shall be as
constant as the state of the art permits.
12.134. Modulation of carrier wa.e. Except for brief tests
or adjustments, an amateur radiotelephone station shall
not emit a carrier wave on frequencies below 112.000 kiloc,-oles unless modulated for the purpose of communication.
12.135. Frequency mea&tl.renumt and rsoular ckeek. The
licensee of an amateur station shall provide for measuror
ment of the transmitter frequency and establish procedure
for checking it regUlarly. The measurement of the transmitter frequency shall be made by means independent of
the frequency control of the transmitter and shall be of
t~~t:!d.ccuracy to 8SBure operation within the frequency
f

12.136. Log8. Each licerisee of an amateur station sball
keep an accurate log of station operation. including the
following data:
(a) The date and time of each transmission. (The date
need only be entered once for each day's operation. The expression .. time of each transmill$ion" means the time of
making a calland need not be repeated during the sequence
of communication which immediately folloWll; however. an
entry shall be made in the log when" signing off" so as to
show the period during which communication W88 carried
on.)
(b) The signature of the person manipulating the transmitting key of a radiotelegraph transmitter or the signature of the person operllting a transmitter of any other type
(typeA-3 or A-4emlll$ion) with statement as to type of emission, and the signature of any other person who transmits by
voice '!ver a radioteIephonetransmitter (t,ype A-3 emiseion).
(The SIgnature need only be entered once III the log provided
the log contains II statement to the effect that all transmissions were made by the person named except where otherwise stated. The signature of any other person who operates
th!, s~tion shall be entered in the proper space for his transmlBlllons.)
(c) Call letters of the station called. (This entry need not
be repeated for calls made to the Same atation during any
sequence of communication, provided the time of .. signing
oft''' is given.)
(d) The input power to the OIlcillator, or to the final amplifier stage where an oscilla.tor-amplifier transmitter is
employed. (This need be entered only once, provided tbe
input power i. not changed.)
(e) The frequency band used. (This information need be
entered onJr once in the log for all transmissioll.8 until there
is a changem frequency to another amateur band.)
(f) The loclltion of a portable or portable-mobile station
at the time of each transmission. (This need be entered only
once provided the location of the station is not changed.
However, suitable entry shall be made in the 109 upon
chan~ing location, showing the type of vehicle or mobile
unit III whicb the station i. operated and the approximate
geog
on of the station at the time of operation.)
traffic handled. (If record eommunicage form. a copy of each
entered in the log or re.)

12.155. Operation in emeroencie•. In the event of widespread emerlj:ency conditions affecting domestic communication facilities. the Commission may confer with representatives of the amateur service and others and. if deemed
advisable. will declare that a state of general communications emergency exists, designating the licensing area or
areas concerned (in general not exceeding 1000 miles from
center of the affected area). whereupon it shall be incumbent
upon eacb amateur station in such area or Meas to observe
the following restrictions for the duration of such emergancy:
(a) No transmissions e",cept those relating to relief work
or other emergency service such as amateur nets can afford
shall be made within tbe 1750-2050 kilocycle or 3500-4000
kilO!'fcle amateur bands. Incidental calling. testing. or
,!orkmgf including casual ~onve!'SAtion or remarks not pertment or necessary to constructive handling of the general
situation shall be prohibited.
(b) The frequencies 2025-2050, 3500-3520. and 39754000 kilocycles shall be reserved for emergency calling
channels. for initial calls from isolated stations or first calls
concerning very important emergency relief matters or arrangements. All atations baving occssioll to use such channels Shllll, liS quickly as possible. shift to other frequencies
for carrying on their communications.
(e) A five-minute listening period for the first five min·
utes of each hour sbllll be observed for initial calls of major
importance. both in the designated emergency calhng
channels and throughout the 1750-2050 and 3500-4000
kilocycle bands. Only stations isolated or engaged in handling official traffic of the highest priority may continue with
trllnsmissions in t
8, which must be accurately observed,
lis or resumption of
routine traffic ab
five-minute listening
period.

.

ecord com·
mun
his section,
shall be available for inapeetion upon request by an authorzed Government representative.
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SPECIAL CONDITIONS

12.151. Additional conditions 10 be observed by licensee
~n a'!lateur station license is granted subject to the condi:
t!ons Imposed lD SectIOns 12.152 to 12.155 inclusive, in addition ~o any other~ that may l?e ,imposed during tbe term of
the !Ice'!se. Any bcensee receiving due notice requiring the
statIOn l"lCnsee to observe such conditions .hall immediately
act in conformity therewith.
12.152. Quiet lwu.rs. In the event thst the operation of an
amateur station causes !!,eneral i,nterference to the reception
of brOildcast ~rograms WIth receIVers of modern design. such
a!"ateur statIOn shall not opera~e during the hours from 8
o cl~k P.M. to.10:30 P ..... local time, and on Sunday for the
add,tlOnal perIod from 10:30 A.... until 1 P.M., local time,
upon such frequency or frequencies as cause such interference.
12.153. Second notiee of 8a"", violation. In every case
where an amateur station licensee is cited a second time
within a year for tbe same violation under Sections 12.111.
12.113, 12.114. 12.116. 12.117, 12.132 or 12133 the Com·
mission will direct that the station' remai':' sil~nt from 6
P.M .. to 10:30 P.¥., local ti:t,ne. until written notice has been
receIved authOriZing full-hme operation. The licensee shall
arrange for tests at other hours with at least two amateur
stations within fifteen days of the date of notice such tests
to be Il!a~e for the specific p,:,r~ose of aiding the'licensee in
determlnlnl! whether the emiSSIOns of his station are in aCcordance WIth the Commission's Regulations. The licensee
shall report under oath to the Commission at the conclusion
,!f tbe tf!lts as ~o the observations reported by amateur
hcen~ees In relation to the reported violation. Such reports
shall mclude a statement"" to the corrective messures taken
to insure compliance with the Regnlations.
12.154. Third notice of .ame violation. In every case where
an amateur station licensee is cited the third time within a
year for the same violation as indicated in Section 12.153,
the Commission will direct that the station remain silent
from 8 A.M. to 12 midnight. local time, except for the purpose of
ranged test to be observed hy
a monl
.
to be designated
in each
of the test the sta·
these hours until
authorized by the Commission toresumefull-time operation.
The Commission will consider the results of the tests and the
Iicen~ee's ~ast record in determining the advisability of BUSli:;;':'g t e operator license and/or revoking the station

operating therein. Tbe operators of these 0 serving stations
shall report fully the identity of any stations failing. after
due notice, to comply with any section of this regulation.
Such designated stations will act in lin advisory capacity
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when able to provide information on enlergency circuits.
Their policing authority is limited to the transmission of information from responsible offici a! sources, and full reports
of non-compliance which may serve as a basis for investigation and action under Section 502 of the Communications
Act. Policing authority extends only 1750-20.50 and
3500-4000 kilocycle banda. Individual policing traIlSmissioIlB
shall refer to this Section by number, shall specify the date
of the Comnlission '8 declaration. the area and nature of the
emergency, all briefly and concisely. Policing-observer stations shall not enter into discussions beyond essentials with
the stations notified, or other stations.
(e) These special conditions imposed under this Section
will cease to apply only after the CommiliBion shall have
declared such emergency to be terminated.

Regulations and Data

12.156. Obscenity. indecency. profanity. No licensed radio
opera.tor or other person shall transrnit conlnlUnications
containing obscene, indecent, or profane words, language.
or meaning.
12.157. False .ignal•. No licensed radio operator shall
transmit false or deceptive signals or communications by
radio. or any call letter or signal which has not been ,,"signed
by proper authority to the ra-dio station he is opernting.
12.158. Unidentified communications. No licensed radio
operator shall transmit unidentified radio communications
or signals.
12.159. Inter/ereMe. No licensed radio operator shall
willfully or maliciously interfere with or cause interference
to any radio communication or signal.

UNITED STATES RADIO DISTRICTS
Addr.... Radi. I napecWr-in-Cllarg.
No.
No.2

No.3

No.4

No.5
No.6

No.7
No.8
No.9

No_ 10
No, 11

No. 12
No. 13

No. 14

No. 15
No. 16

The States of Connecticut. Maine. M ....achusetts. New Hampehire. Rhode
Isl!Uld and Vermont.
The counties of Albany. Bronx. Columbia. Delaware, Dutehees. Grcene.
Kings. Nassau. New York, Orange. Putnam. Queens. Rensselaer. Richmond, Rockland, Schenectady, Suffolk. Sullivan. Ulster and Westchester
of the State of New York; !Uld the counties of Bergen. Essex, Hudson,
Hunterdon. Mercer. Middlesex. Monmouth. Morris, Pa.. aic. Somerset.
Sussex. Union and Warren of the State of New Jel'lley.
The counties of Adams. Berks, Bucks, Carbon. Chester. Cumberland.
Dauphin. Delaware, Lancaster. Lebanon, Lehigh, Monroe, Montgomery.
Northampton. Perry, Philadelphia, Schuylkill and York of the State of
Pennsylvania; and the counties of Atlantic, Burlington. Camden. Cape
May, Cumberland, Gloucester. Ocean and Salem of the State of New
Jersey; and the county of Newcastle of the State of Delaware.
The State of Maryland; the District of Columbia; the countiee of Arlington.
Clark. Fairfax, Fauquier. Frederick. Loudoun, Page. Prince William.
Rappahannock, Shenandoah and Warren of the State of Virginia; and the
counties of Kent and Sussex of the State of Delaware.
The State of Virginia except that part lying in District 4. and the State of
North Carolina except that part lying in District 6.
The Stat ... of Alabama. Georgia, South Carolina. and Tennessee; and the
counties of Ashe. Avery. Buncombe, Burkel Caldwell. Cherokee. Clay.
Cleveland, Graham, Haywood. Henderson. ackson McDowell. Macon
Madison, Mitchell, Polk. Rutherford. Swain, Transylvania. Watanga and
Yancey of the State of North Carolina.
The State of Florida.
The Stetes of Arkansas. Loulsiana and Mi..i..ippi; and the city of Texarkana in the State of Texas.
The counties of Arkansas, Brazoria, Brooks. Calhoun. Cameron. Chambers.
Fort Bend, Galveston, Goliad. Harris. Hidalgo. Jackson. Jefferson. Jim
Wella. Kenedy. Kleberg, Matagorda, Nuec.... Refugio. San Patricio.
Victoria, Wharton and WiIlaey of the State of Tex....
The State of Texas except that part lying in District 9 and in the city of
Texarkana' and the States of Oklahoma and New Mexico.
The State of Arizona; the county of Clarke in the State of Nevada; and the
counties of
yo. Kern. Loa Angelee. Orange. Riverside. San
Bernardino.
San Luis Obispo. Santa Barbara and Ventura of
the State of Califo
The State of California except that part lying in District 11; the State of
Nevada except the county of Clarke.
The State of Oregon; and the State of Idaho except that part lying in District 14.
The Territory of Alaska; the State of Washington; the counties of Benewah,
Bonner. Boundary, Clearwater, Idaho, Kootenai. Latah, Lewis. Nez
Perce and Shoshone of the State of Idaho; the counties of Beaverhead..
Broadwater. Cascade. Deerlodge. Flathead. Gallatin, Glacier. Granite,
Jefferson. Lake, Lewi. & Clark. Lincoln. Madison. Meagher, Mineral.
Missoula, Pondera. Powell. Ravalli. Sanders, Silver Bow. Teton and
Toole of the State of Montana.
The States of Colorado. Utah and Wyoming; and the State of Montana
except that J~art lying in District 14.
The States of North Dakota, South Dakota and Minnesota' the counties of
Alger, Baraga, Chippewa. Delta. Dickinson. Gogebic, Houghton, Iron.
Keweenaw, Luce, Mackinac, Marquette Menominee, Ontonagon and
Schoolcraft of the State of Miehigan; and the State of Wisconsin except
that part lying in District 18.
The States of Nebraska, Kansas and Missouri; and the State of Iowa except
that part lying in District 18.
The States of Indiana and Illinois; the counties of Allamakee. Buchanan.
Cedar. Clayton. Clinton. Delaware, Des Main.... Dubuque. Fayette.
Henry, Jackson. Johnson, Jones. Lee. Linn, Louisa, Muscatine, Scott.
Washington and Winneshiek of the State of Iowa; the counties of Columbia, Crawfor~, Dane. Dodge. Grant. Green. Iowa, Jefferson. Kenosha.
ukee. Ozaukee. Racine. Richland, Rock, Sauk. Waland Waukesha of the State of Wisconsin.
The
cept that part l;ing in District 16; the States of
Ohio. Kentucky and Weet Virginia.
The Stat.e of New York except that part lying in Distriot 2 and the State
of Pennsylvania except that part lying .n Distriot 3.
•
The Territory of Hawaii. Guam and American Samoa,
Puerto Rico and Virgin Islands.

Customhouse, Boston. Mass.
Federal Building, 641 W ....hington
St., New York. N. Y.

Room 1200. U. S. Customhouse.
Second and Chestnut St... Philadelphia. Pa.

Fort McHenry, Baltimore. Md.

402 New Post Office Bldg., Norfolk.
Va.
411 Federal Annex. Atlanta. Ga.

314 Federal Bldg.. Miami. Fla.
326 Customhouse. New OrleaIlS, I.a;
404-406 Federal Bldg.. Galveston.
Tex.
302 U. S. Terminal Annex Bldg ..
Dalla.s. Tex.
1749 Federal Bldg., Los Angeles, Calif.

328 Customhouse, San Francisco.
Calif.
207 New U. S. Courthouse Bldg..
Portland, Ore.
808 Federal Office Building. Seattle.
Wash.

504 Customhouse. Denver. Colo.
208 Uptown P. O. and Federal Courts

Bldg .• St. Paul. Minn.

j

No. 17
No. 18

No. 19
No. 20
No, 21

N().22

927 U. S. Courthouse. Kansas City.
Mo.
246 U, S. Courthouse Bldg.• Chicago,

Ill.

1025 New Federal Bldg" Detroit.
Mieh.
518 Federal Building. Buffalo, N, Y.

Aloha Tower, Honolulu, T. H.
303 Ochoa Bldg•• San Juan. P. R.
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12.160. Damag< to appara.lua. No lio&nsed radio operator

shall I'Iilllully damage, or caUl!e or permit to be damaged,

any radio apparatus or installation in any licensed radio
station.
12.161. Fraudulent lie........ No lioon.sed radio operator
Or other person shall obtain or attempt to obtain, or aaaiet
another to obtain or attempt to obtain, an operator lioense
hy fraudulent mearuo.

• TEMPORARY ORDERS AFFECTING
AMATEUR REGULATIONS
Because of the international situation, the
F.C.C. in June, 1940, forbade amateurs to
exchange communications "with operators or
radio stations of any foreign government or
located in any foreign country," except that it
does not apply between continental United
States and "United States citizens authorized
to operate amateur radio stations in the
Philippine Islands or Canal Zone." Communication between F.C.C.-licensed amateurs
in the United States and all its possessions and
territories is all right, but it should now be
remembered that all foreign communication
by U. S. amateurs is temporarily forbidden.
Another order, also effective until further
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notice, prohibits portable and portable-mobile
operation on frequencies below 30 Mc., except
during domestic communication emergencies
when normal facilities are inadequate or nonexistent, and except for the testing and development of self-powered emergency equipment
during the daylight hours of Saturday and
Sunday of each week, upon 48 hours' advance
notice to the F.C.C. inspector in charge of the
district. The portable order does not affect
the normal operation of Section 12.93 of the
regulations, however, although it should be
noted that Section 12.93 does not refer to
portable equipment but merely the use of
portable operating procedure for the operation
of a station's normal fixed equipment under
certain conditions.
N one of the orders here mentioned are
actual changes in the regulations; the regulations remain the same but these orders temporarily affect the operation of some of them.
Amateurs should read QST each month to
keep posted on modification of the above
orders, or details of any new ones.
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To Handbook ~aders Who
u4.re N!Jt A.R.R.L. ~embers
AMATEUR RADIO OF TO-DAY IS THE
RESULT OF THE EFFORTS OF A.R.R.L.

For Twenty-six Years
the A.R.R.l. has been the organized body of amateur radio, its
representative in this country and abroad, its champion against attack
by foreign government and American commercial, its leader in technical progress.

To:
Save yourself SOc a year (newsstand
copies of OST cost $3).
Be sure of getting your copy of
first.

OST

Be sure of getting your copy of OST
(newsstands are often sold out).

Be eligible to vote for Director and
Section (omm. Manager (only
AR.R.l. members receive ballots).

Be eligible for appointment or election to AR.R.l. offices.

Lend the strength of your support to
the organization which represents
YOU at all important radio conferences.

Be eligible to sign petitions for your
Director, your representative on
the A.R.R.l. Board.

Have YOUR part in the AR.R.L.,
which has at heart the welfare of
a II amateurs.

JOIN THE LEAGUE!
AMERICAN RADIO RELAY LEAGUE
West Hartford, Conn., U. S. A.
I hereby apply for membership in the American Radio Relay League, and enclose $2.50
($3.00 outside of the United States and its Possessions) in payment of one year's dues, $1.25
of which is for a subscription to 05T for the same period. Please begin my subscription with the
............ issue. Mail my Certificate of Membership and send 05T to the following:
Name ................................................................•.•.......
Street or Box ................................................................... .
City and State .....•..........•..•...............................................

To Handbook Readers Who Are Already A.R.R.L. Members:
FOR members who hold amateur licenses, wbo are inltlrested in radio activities and Communications Department operating work (explained fully, Chapter 31), here is an application
blank which may be filled out for appointment as either Official Relay Station (for telegrapbing
members) or Official Phone Station (for voice operated member-stations). Copy this, or cut and
fill it out, and send it direct to your Section Communications Manager (address in QST) or to
A.R.R.L. Headquarters, 38 LaSalle Road, West Hartford, Conn., for routing to tbe proper S.C.M.
for attention if you are interested.
The Communications Department field organization includes only the United States and its
territories, and Canada, Newfoundland, Labrador, Cuba, and the Philippine Islands. Foreign
applications, that is, those from outside these areas, cannot be handled.

APPLICATION FOR APPOINTMENT AS OFFICIAL. ..••.. STATION
(Rela, OT Ph......?)

TOI Section Communications Manager ........................... Section, A.R.R.L.

Name ...................................................... . Call . .............. .
Street and Number . ........................................... Dale . .............. .
City . ........................... Slate . ................. CQunty . ................. .
Transmitting frequencies: .................................................. kilocycles
My membership in lhe A.R.R.L. expires . ............................................ .
month

In making application for appoinlment as Official
Relay Station. I agree:
- - to obey the radio communication laws and regu·

lations of Ihe counlry under which this slation is
lic;ensed. particularly with respect 10 quiet hours and
observance of our frequency alloc::ations.

- - to send monlhly reports of slation activities to the
Section Communic::ations Manager under whose iurisdiction this station comes.
- - to handle messages in acc;ordanc;e with good ope:r.
ating procedure. delivering m
ges within forry-elght
g to destination when(48) hours when possible
next station in line
ever impOssible to relay to
within a 48·hour period.
participate in every A.R.R.L communication
activitY 10 the best of my abilitY. always tryi~ to live up
those ideals set forth in "The ~aleur' s Code,"

--10
10

year

In making afplication for appOintment as Official
Phone Station. agree:
- - to obey the radio communication laws of the
country under which my station is licensed. panicolarly
with respect to the regulations governing quiel hours
and frequencies.
- - 1 0 send monthly repons of station activities 10 the
Section Communications Manager under whose juris.
diction this slation comes; to use suc;h operating pro·
c;edure as may be adopled by the O.P.S. group; 10 test
oulside busY operating houts or using dummy anlennas.
- - 10 handle suc;h messages as may c;ome to me. as
ac;c;uralely. promptly and reliably as possible.
- - to pamcipate in all amaleur communication
ac::tivities 10 the best of my abilitY. always trying 10 live
UP to those ideals set fonh in "The Amaleur' 5 Code"
and to carry on amateur operation in a constructive and
unselfish spirit.
- - 1 0 use circuits and adjuslments Ihat avoid frequency
modulation and over modulation by proper transmitter
adjusttnenl (ac;complished by use of proper indicating
devices) to avoid c;ausing interference unnecessarilY.

I understand that this appointment requires annual endorsement,
and also may be suspended or cancelled at the discretion oj the Section
Communications Manager Jor violation oj the agreement set Jorth above
Please send detailed forms to submit in connection with this application.

Signtd .•. .•••.........•••.••.....•••...................................
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NATIONAL DIALS
PRECISION

6" DIAL

NW

PRECISION
4" DIAL
The four-inch NY Dial is

NY

The six-inch NW Didl hdS
an engine divided scale
and vernier of solid nickel
silver. The vernier is Rush
with the scale. The variable
ratio drive is unusually
powerful at all settings.
2, 3, 4 or 5 scale. Stdnddrd
Dia I fits Va" shaft. 1,4" shaft
on request.
NW Dial
List $15.00

similar to the NW Didl
except for size. Scales are
engine divided on solid
nickel silver. A Rush vernier and a vdriable ratio
drive are provided. 2, 3, 4
or 5 scale. Fits 1,4/1 shaft.
NY Dial
List $8.00

The four-inch N Dial has an engine
divided scale dnd vernier of solid
nickel silver. The vernier is Rush
with the sCdle. The planetary
drive has d ratio of 5 to 1, and is
contained within the body of the
dial. 2, 3, 4 or 5 scale. Fits 1,4/1
shaft.
N Dial
List $6.75

The original black bakelite "Velvet Vernier" Dia~ Type A, is still
an unchallenged favorite for general purpose use. The planetMY
drive has d ratio of 5 to 1. In 4 inch
diameter with 2, 4 or 5 scale, dnd
in 3:y!} inch diameter with 2 scale.
Fits 'Y<I/I shaft.
A Dial
List $3.00

"Velvet Vernier" Didl, Type 8,
hds a compdct variable ratio 6 to 1
minimum, 20 to 1 maximum drive
that is smooth and trouble free.
An illuminator is available. The
case is black bakelite. 1 or 5 scale.
4/1 diam. Fits 1,4/1 shdft.
BDial
List $2.75

The 8M Dial is a smaller version
of the 8 Dial (described in the opposite column) for use where
Spdce is limited. The drive rdtio is
Rxed. Although small in size, the
8M Dial has the same smooth action as the larger units. 1 or 5
scale. 3/1 didm. Fits 1,4/1 shaft.
8M Dial
List $2.50

Illuminator, extra

List $.50

INEXPENSIVE DIALS

TYPE R

TYPE 0

TYPE K

TYPE L

List $:75

list $1.50

list $1.50

List $2.50

list $2.50

Etchood

Elchood nick.l-lil_
dial, 3\1," Dia. In•ul...... !ro...halt.

Etchood nlc~.I-.iI..r
dial. 3'12" Dia.
V ..ni.rdri....

Etched 'ick.l-silv..
dial,S" Dia. Insulated fro...halt.

E.chood nickel-sil ••r
dial, S' Dia. V ... i..

nlchl ••iI.,.r

~lal1J',,~~a;h~lt~t

HRK (Fits \4" shaft)
Black b.okelite knob 2~" diom.
HRP·P (Fits 14" shoft)

v.."

Block b.okelite knob 1
Equipped with pointer.

HRP
List S.25
The Type HRP knob hos
no pointer, but is other ..
wise the wme

knob .bove.

dS

the

long ond

TYPE M

driv••

List S.85

ODL
List S.50
A locking device which clomps the rim of 0, K,
L ond M Dials. Bross, nickel ploted.

list S.35

ODD

M!"

wide.

list S.60
Vernier drive for 0, K, L, M or other pl4in didls.

sa (Fits 14"

shoft)

List S.25
A nickel ploted bro"
bushing %" dio.
RSL (Fits W' shoft)
List S.85
Rotor Short Lock for
TMA, TMC ond simil.r

cond ensers.

NATIONAL PRECISION CONDENSERS
The Micrometer dial reads direct to
one pdrt in 500. Division lines are dPproximately 1f.\" dpdrt. The didl revolves
ten times in covering the tuning rdnse,
dnd the numbers visible through the
smdll windows chdnge every revolution to give consecutive numbering by
tens from 0 to 500. The condenser is 01
extremely rigid construction, with lour
bearings on the rotor shdft. The drive,
dt the mid-point 01 the rotor, is through
dn enclosed prelodded worm gedr
with 20 to 1 rdtio . Edch rotor is individudlly insuldted from the frdme, dnd
edch hds its own individudl rotor contdCt, of the multi-fingered brush type.
Stdtor insuldtion is Stedtite.
PW Gdnged Condensers dre dVdildble in 2, 3 or 4 sections, in either
160 or 225 mmf per section. Ldrger
cdpdcities Cdnnot be supplied.
A single-section PW condenser with grounded rotor is supplied PW-1, Single Section
in cdpdciti es of 150, 200, 350 dnd 500 mmf, single sPdced, and
PW-2, Two Section
cdpdcities up to 125 mmf, double SPdCed . Pldte shdpe is strdightPW-3, Three Section
line-frequency when the frequency rdnge is 2:1.
PW condensers dnd drives dre dll with rotor shdft pdrdllel to
the Pdnel.
PW-4, Four Section
NOTE: When ordering specify apacity per section and desired position right or left

List $15.00
list $20.00
list $24_00
list $27.50
of dial

NPW MODELS

GEAR DRIVE UNITS
With micrometer dial
NPW-O
list $10.50
Uses pdrts simildr to the NPW condenser. Drive
shdft perpendiculdr to Pdnel. One TX-9 coupling
supplied.
PW-O.
list $13.50
Uses pdrts simildr to the PW condenser. Drive shdft
parallel to panel. Two TX-9 couplings supplied.

With micrometer dial
NPW-3. Three sections, edch 225 mmf.
list $24.50
NPW-X. Three sections, edch 25 mml.
list $20.00
Both condensers dre similar to PW models, except
thdt rotor shdft is perpendiculdr to Pdnel.

NATIONAL RECEIVING CONDENSERS
Capacity

Mlnl ... u...
Capacity

No. 01
PI.tes

AI, Gap

C.talos
Symbol

list

15 Mmf.
35
50
75
100
25

1.5
2 .5
3
3.5
4.5
3.4

6
12
16
22
28
14

.017"
.017"
.017"
.017"
.017"
.050"

UM- 15
UM- 35
UM- 50
UM- 75
UM-100
UMA- 25

$1.25
1.50
1.60
1.70
1.90
1.85

25

1-

BALANCED STATOR MODEL

2

.017"

I UMB- 25 1

$1.85

The UM CONDENSER, designed for ultrd high frequency use
is small enough for convenient mounting in our square shield
Cdns. Shdlt extensions at each end of the rotor permit easy g.lOging when used with one 01 our Aexible couplings. The UMB-25
Condenser is d bdldnced stdtor model, two stdtors dCt on a single
rotor. The UM Cdn be mounted by the angle foot supplied or by
bolts dnd spdcers.

TYPE UM
STRAIGHT·lINE CAPACITY

180' Rotation
DI ...... lon.: Bo•• 1" • 2'1."
Mounting Holes: 5;''' • 1 2~ !i z "

Over.1I Lensth: 2'1,"

3

NATIONAL RECEIVING CONDENSERS
List

SINGLE BEARING MODELS
S1.40
1.50
1.60

DOUBLE BEARING MODELS
35 Mmf.
50
75
100

U8
200
NOTE - Type 55 Condensers,
hdving strdight-line-cdpdcity pldtes
but otherwise similar to the Type
ST, are available. Capacities and
Prices same as Type ST.

250
300
335

6Mmf.
7
8
9
10
10.5
12.0
13.5
15.0
17.0

9
11
15
20
28

29

27
32
39
43

.026"
.026"
.026"
.026"
.02~'

.026"
.018"
.018"
.018"
.018"

21A"

2}1i"
2 ~"

21 "

2~"

~~::
~~::

2 .. "

ST· 35
ST· 50
ST· 75
ST·100
ST·140
ST·no
STH-200
STH-250
STH·300
STH·335

S1.50
1.80
2.00
2.15
2.50
2.50
2.75
3.00
3.15
3.50

SPLIT STATOR DOUBLE BEARING MODELS
13.50
" .50

The ST Type

condenser has Straight-Une Wavelength plates. All double-bedring models
have the front bedring insulated to prevent noise. On special order a shdft extension at
edch end is availdble, for ganging. Un double.bedring single shaft models, the rotor contact is through d constant impeddnce pigtail. Isolantite insulation.

UlMcity
15 Mmf.
20
25

upacity

No. of
PllleI

Alr(;.p

l.ellllh

u"'o.
SYlllboI

List

7 Mml.
7.5
8

6
8
9

.055"
.055"
.055"

22~"
"

SEU· 15
SEU· 20
SEU· 25

52.50
2.75
2.75

~~::

SE· 50
SE· 75
SE·100
SE·150

2.15
2.50
2.75
3.00

~~::
2 "

SEH·200
SEH·250
SEH·300
SEH·335

3.00
3.15
3,25
3.50

MIIII .....

- - - - - - --- - - -

50
75
100
150

9
10
11.5
13

11
15
20

29

.026"
.026"
.026"
.026"

200
250
300
335

12
14
16
17

27
32
39
43

.018"
.018"
.018"
.018"

2~"

2 "

2~"
2~"

TYPE 5E -

All models have two rotor bearings, the front bearing being insuldted to
prevent noise. A shdft extension at each end, for gdnging, is dvaildble on special order.
On models with single shdft extension, the rotor contact is through a constant impedance
pigtail. The SEU models (illustrated) are suitable for high voltages as their plates are thick
polished dluminum with rounded edges. Other SE condensers do not have polished edges
on the pldtes. Isolantite insulation.

Clpoelly

Mlnl ... m

upoeity

l.ellslh

AlrGIP

No. 01

Plili.
---3.5
-- - - 15 Mmf.
.045"
5

25
35
50
100
140

3.75
3.75
4
4.75
5.5

The National "Experimenter" Type Condensers

1~'"

11~6"

,II

11~'"
16"

1~6"

.045"
.045"
.017"
.017"
.017"

7
10
6
12
15

u"'o.
Sy.. bol

List

EX. 15
EX· 25
EX· 35
EX· 50
EX·100
EX·140

S .85
.85
1.00

.90

1.00
1.25

are low-priced models for general experimental work. I hey are of all-brass construction. The rotor has only one bearing. Plates
can be removed without difficulty. Bakelite insulation.
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NATIONAL GENERAL PURPOSE CONDENSERS
Capacity

Minimum
Capacity

No. of
Plates

150 Mmf.
250
350
500
1000

9
11
12
16
22

9
14
20
27
55

Catalo~
Symbo

List

EMC·150
EMC·250
EMC·350
EMC·500
EMC·1000

S3.25
3.75
4.25
4.75
7.25

Length
4"
2 1;{6"
2 1r.6"

4~"
6 ,*"
---

SPLlT·STATOR MODEL
350-350

12-12

I 20-20 I

6"

I

EMCD.350

$1.50

National EMC Condensers dre mdde in Idrge sizes for generdl
purpose uses. They dre simildr in construction to the TMC Trdnsmitting condenser, dnd hdve hiSh efficiency dnd rugged frdmes.
Insuldtion is Isoldntite, dnd Pedk Voltdge Rdting is 1000 Volts.
Pldte shdpe is Strdight.line Wdvelength.

us -

See tdble - Type US condensers c!re smc!lI, compdct, low·
loss units. Their soldered construction mdkes them pdrticuldrly
5uitdble for dpplicdtions where vibrdtion is present. Adjustment is
mdde with d screw driver. Stedtite bdse.
USE - See tc!ble - Type USE condensers dre simildr to Type US,
but dre provided with a 1,4" didmeter shaft extension dt each end.
USL - See tdble - Type USL condensers are similar to Type US,
but dre provided with d rotor shaft lock, so that the rotor Cdn be
cldmped dt any setti ng.
M-30
List S.30
Type M-30 is a small ddjustdble
mica condenser with d mdximum
capdcity of 30 mmf. Dimensions
I%;" x %;" x %". Isoldntite
base.

W.75, 75 mmf.
List S2.25
W-100, 100 mmf. list S2.50
Small padding condensers hdv.
ing very low temperdture coemdent mounted in dn aluminum shield 11,4" in dic!meter.

NC-6OOU
Lilt S.55
Wirh srando/( insular or
NC-600
Lilt S_45
Without insu/4lor

The NC-600 and NC-600U are for
neutrdlizing low power becJm tubes
requiring from .5 to 4 mmf, .nd 1500
mol<. tot.1 volts such as the 61.6. The
NC-600U is supplied with a GS-l0
stdndoff insuldtor screwed on one
end, which may be removed for pistdil mounting.

NC.800

It is eQuipped with

denser hdS d rTkIximum C4pacity of 18

mmf (3000 V), moking it suitable for
such tubes as the 10 and 45. It is
supplied with two st.ndolf insul.tors.

micrometer

ent settings.

lilt 14.00

For 75T, 808, 811, 812 & similar
tubes.

NC·1SO

Lilt S6.50

For HK354, RK36, 300T, 852, etc.

NC·500
TCN
lilt S4.00
The Type TCN neutralizing condenser is simi I.. to the TMC. It has
a moxlmum cdPOCity of 25 mmf (6000
V), moking it suitable for the 203A,
211 and similar tubes.

d

thimble and cI.mp. The chart below
gives Cdpac.ity dnd dir gdP for diFfer-

NC·75
STN
List 12.00
The Type STN neutr.lizing con-

list $3.00

The NC-BOO disk-type neutralizing
condenser is suitdble for the RCA.
BOO, 35T, HK-54 and similar tubes.

Lilt S12.50

for WE-251, 450TH, 450TL, 750Tl,
etc.
These larger disk-type neutralizins
condensers are for the hisher pow·
ered tubes. Disks are aluminum, In·
sulclltion stedtite.

NATIONAL TRANSMITTING CONDENSERS

TYPE TMS
is a condenser designed for transmitter use in
low power stages. It is compact, rigid, and dependable. Provision has been made for mounting either on the panel, on the chassis, or on
two stand-off insulators. Insulation is Isolantite.
Voltage ratings listed are conservative.

Capacity

Minimum
Capacity

100 Mml.
150
250
300
35
50

9.5
11
13.5
15
8
11

50-50 Mml'I'
100-100
50-50

tr6

list
Price
3"
3"
3"
3"
3"
3"

.026"
.026"
.026"
.026"
.065"
.065"

10
14
23
27
8
11

1000v.
1000v.
1000v.
1000v.
2000v.
2000v.

TMS-1oo
TMS-150
TMS-250
TMS-3oo
TMSA-35
TMSA-50

DOUBLE STATOR MODELS
7-7
10.5-10.5

3"

3"
3"

I

.026"
.026"
.065"

!100Ov.
1000v.
200Ov.

I

5-5
9-9
11-11

TMS-50D
TMS-1OOD
TMSA-50D

52.50
2.75
3.00
3.60
3.00
3.25

I 53.75
4.50
4.00

TYPE TMH
features very compact construction, excellent
power factor, and aluminum plates .040" thick
with polished edges. It mounts on the panel
or on removable stand-off insulators. Isolantite
insulators have long leakage path. Stand-offs
included in listed price.

Capacity

Minimum
Capacity

50 Mmf.
75
100
150
35

9
11
12.5
18
11

35-35 Mml.
50-50
75-75

tr6

6

8-8
11-11

3~"
3 ~"
51;1 "

.085"
.085"
.085"
.085"
.180"

6~"
51 8"

3500v.
3500v.
350Ov.
350Ov.
650Ov.

DOUBLE STATOR MODELS
3500v.
33,4"
.085"
350Ov.
.085"
5~"
.085"
350Ov.
6 1 2"

I

I

15
19
25
37
17

I 13-13
9-9

19-19

Catalog
Symbol

list

TMH·50
TMH.75
TMH·1oo
TMH.150
TMH·35A

53.50
4.00
4.75
6.00
5.25

TMH·35D
TMH·50D
TMH·75D

I 55.50
6.00
7.25

NATIONAL TRANSMITTING CONDENSERS
TYPE TMK
is d new condenser for exciters dnd low power
trdnsmitters. Specidl provision hds been mdde for
mounting AR-16 coils in d swivel plug-in mount
on either the top or redr of the condenser, (see
Pdge 11). For pdnel or stdnd-off mounting. IsoIdntite insuldtion.

Capacity

Minimum
Capacity

Peak
Voltage

Length \ Air Gap

No. of
Plates

Catalog
Symbol

List
Price

7
9
13
17
25
33
41

TMK·35
TMK·50
TMK·75
TMK.100
TMK-150
TMK.200
TMK·250

53.25
3.50
3.75
4.00
4.50
5.00
5.50

TMK·35D
TMK·50D
TMK·100D

55.25
5.75
7.25

SINGLE STATOR MODELS
35 Mmf.
50
75
100
150
200
250

.047"
.047"
.047"
.047"
.047"
.047"
.047"

27"32"
2:yg"
21 X 6"
3"

7.5
8
9
10
10.5
11
11.5

3~"

4 1 ,,"
41's"

1500v.
1500v.
1500v.
1500v.
1500v.
150Ov.
150Ov.

I

DOUBLE STATOR MODELS
35-35 Mmf.j
50--50
100--100

3"
35,1 "

7.5-7.5
8-8
10--10

.047"
.047"
.047"

1500v.
1500v.
1500v.

7-7
9--9
17-17

j 4~"
Extrcl for Swivel Mounting Hardware for AR 16 Coils

I

I

I

I

.15

TYPE TMC
is designed for use in the power stdges of trdnsmitters where
pedk voltdges do not exceed 3000. The frdme is extremely
rigid dnd drrdnged for mounting on pdnel, chdssis or stdndoff insuldtors. The pldtes dre dluminum with buffed edges.
Insuldtion is Isoldntite. The stdtor in the split stdtor models is
supported dt both ends.

Capacity

Minimum
Capacity

I

Length

Peak
I Air Gap I Voltage

No. of
Plates

I

Catalog
Symbol

List
Price

TMC·50
TMC·100
TMC·150
TMC·250
TMC·300

54.00
4.50
5.25
6.00
6.50

TMC·50D

$6.50

TMC·100D
TMC·200D

7.50
10.00

SINGLE STATOR MODELS
50 Mmf.
100
150
250
300

10
13
17
23
25

3"

.077"
.077"
.077"
.077"
.077"

3~"
45
8"

6'
63,4"

3000v.
3000v.
3000v.
3000v.
3000v.

7
13
21
32
39

DOUBLE STATOR MODELS
I

9-9
50--50 Mmf'l
11-11
100--100
200--200
18.5-18.5

\

-

4 S/A"
63,4"
91,4"

.on/l

I

.077"
.077"

I

300Ov.
3000v.
3000v.

7-7
13-13
j 25-25

I

7

NATIONAL TRANSMITTING CONDENSERS
TYPE TMA
is d Idrger model of the populdr TMC. The frdme is extremely rigid dnd drrdnged for mounting on pdnel, chdssis
or stdnd-off insuldtors. The pldtes dre of hedVY dluminum
with rounded dnd buffed edges. Insuldtion is Isoldntite,
locdted outside of the concentrdted Field.
L.nslh

I

AlrGep

I

PHk
Vollas.

I

1'010. 01

PI.1ft

Cllalos
SYMbol

list
Prlc.

SINGLE STAlOR MODELS
300 Mml.
50
100
150
230
100
150
50
100

19.5
15
19.5
22.5
33
30
40.5
21
37.5

200- 200 Mml.
50-50
100-100

15-15
12.5- 12.5
17- 17
195-- 19.5
18- 18

4%"
4%"

.077"
.171"
.171"
.171"
.171"
.265"
.265"
.359"
.359"

6~"
6 "

9~"

9 14"
12\-2"
7~ "

12~"

3000v.
6000v.
6000v.
6000v.
6000v.
9000v.
9000v.
12OOOv.
12OOOv.

23
8
17
23
35
23
35
13
27

TMA-300
TMA-50A
TMA-100A
TMA-150A
TMA-UOA
TMA-100B
TMA-150B
TMA-5OC
TMA-100c

512.00
6.50
10.00
12.00
16.00
13.50
17.00
8.00
14.50

16-16
9-9
15-15
15-15
11-11

TMA-200D
TMA-50DA
TMA-100DA
TMA-60DB
TMA-40DC

S15.00
11 .00
17.50
18.50
13.50

DOUBLE STAlOR MODELS
60-60
40- 40

6YH'

.077"
.171 "
.171 "
.265"
.359"

6%"

9,,"

121ft,"
129'; "

I

3000v.
6000v.
6000v.
9000v.
12OOOv.

TYPE TML
condenser is a 1 t::N job throughout. Isoldntite insulators,
specially tredted dgdinst moisture dbsorption, prevent Adshovers.
A Idrge self-cledning rotor contdct provides high current Cdpdcity. Thick cdpdcitor pldtes, with dccurdtely rounded dnd
polished edges, provide high voltdge rdtings. Sturdy Cdst
dluminum end frdmes dnd durdl tie bdrs permit dn unusUdlly rigid
structure. Precision end bedrings insure smooth turn ing dnd
permdnent dlignment of the rotor. End frdmes dre drrdnged for
pdnel, chdssis Of stdnd-off mountings.

Capacity

MiniMUM
Capacity

L•• ph

I

AlrGep

I

PHk
Vollas.

I

Calalol
Symbol

Lilt
Prlc.

17
27
19
9
35
21
15
11
49
33
25

TML-75E
TML-150D
TML-100D
TML-50D
TML-245B+
TML-150B+
TML-100B+
TML-75B+
TML-500A+
TML·350A+
TML·250A+

526.00
26.50
23.50
16.50
28.50
26.00
25 .00
18.00
35.00
28 .00
26.00

7-7
11-11
15-15
9-9
21 - 21
11- 11

TML·30DE
TML-60DD
TML.100DB+
TML-600B+
TML·200DA+
TML·100DA+

526.50
21.50
31.50
27 .50
35.00
28.50

1'010. 01
PI.t..

SINGLE Sl AlOR MODELS
75 Mmf.
150
100
50
245
150
100
75
500
350
250

25

60

45
22
54
45
32
23 .5
55
45
35

18 ',,"
18', "
13%"
8 \j1"
18 '1i"
13%"
1O,,""

8 ',,"

18","

13W '

10~"

.719"
.469"
.469"
.469"
.344"
.344"
.34<4"
.344"
.219"
.219"
.219"

2O,000v.
15,000v.
15,000v .
15,000v.
10,000v.
10,000v.
10,000v.
10,000v.
7,500v.
7,500v.
7,500v.

DOUBLE STAlOR MODELS
30-30 Mml.

60- 60

100- 100

60-60

200-200
100-100

8

12-12
26-26
27-27
20- 20
30-30
17-17

18Ji1"
18Ji1"
18,1jI"
135/8"
18,'1i"
1O,,""

.719"
.469"
.344"
.344"
.219"
,219"

2O,000v.
15,000v.
10,000v.
10,000v.
7,500v.
7,500v.

NATIONAL RF CHOKES
R·100

List $.50

Without stdndoff insuldtor

R·100U

List $.60

With stdndoff insuldtor
R.F. chokes R·100 dnd R·100U
dre identicdl electricdlly, but
the Idtter is provided with d
removdble stdndoff insuldtor
screwed on one end. Both
hdve Isoldntite insuldtion dnd
both hdve d continuous uni·
versdl winding in four sec·
tions. Inductdnce 2Y2 m.h.
distributed cdpdcity 1 mmf.
DC resistdnce 50 ohms, cur·
rent rdti ng 125 md.

R·300

List $.50

Without insuldtor

R·300U

List $.60

With insuldtor
R.F. chokes R·300 dnd R·300U
dre simildr in size to R·100U
but hdve higher current Cd·
pdcity. The R·300U is pro·
vided with d removdble stdnd·
off insuldtor screwed on one
end. Inductdnce 1 m.h.j dis·
tributed cdpdcity 1 mmf.j DC
resistdnce 10 ohmsj current
rdting 300 MA.

R·152

List $2.25

For the 80 dnd 160 meter
bdnds. Inductdnce 4 m.h., DC
resistdnce 10 ohms, DC cur·
rent 600 MA. Coils honey.
comb wound on Isoldntite
core.

R·154
R·154U

List $2.25
List $1.75

For the 20, 40 dnd 80 meter
bdnds. Inductdnce 1 m.h., DC
resistdnce 6 ohms, DC cur·
rent 600 MA. Coi Is honey·
comb wound on Isoldntite
core. The R·154U does not
hdve the third mounting foot
dnd the smdll insuldtor, but is
otherwise the Sdme dS R·154.
See illustrdtion.

R·175

List $2.75

The R·175 Choke is suitdble
for pdrdllel.feed dS well dS
series-feed in trdnsmitters
with pldte supply up to 3000
volts moduldted or 4000 volts
unmoduldted. Unlike conventioMI chokes, the redctdnce
01 the R·175 is high through·
out the 10 dnd 20 meter
bdnds dS well dS the 40, 80
dnd 160 meter bdnds. In·
ductdnce 225 Ilh, distributed
Cdpdcity 0 .6 mmf, DC resist·
dnce 6 ohms, DC current 800
MA, voltdge bredkdown to
bdse 12,500 volts.

NATIONAL SHAFT COUPLINGS
TX.1, Ledkdge pdth 1"
TX.2, Ledkdge pdth 2Y2"

List $1.00
List $1.10

Flexible couplings with gldzed Isoldntite insuldtion which fit
1A" shdfts.

TX.S
List $.75
A non·Aexible riSid coupling with Isoldntite insuldtion. 1"
didm. Fits 1A" shdFt.

TX.9

List $1.10

This smdll insuldted Aexible coupling provides high electricdl
efficiency when used to isoldte circuits. Insuldtion is Stedtite.
1%" didm. Fits 1A" shdft.

TX·10
List $.55
A very compdct insuldted coupling rree from bdckldsh. Insuld·
tion is CdnVdS Bdkelite. Hi's" didm. Fits 1A" shdft.

TX.11

List $.60

The Aexible shdft of this coupling connects shdfts dt dnsles up
to 90 degrees, dnd elimindtes misdlignment problems. Fits 1A"
shdfts. Length 41A".

TX.12, Length 4Ys"
TX.13, Length 7%"

List $1.25
List $1.50

These couplings use Aexible shdfting like the TX·11 dbove,
but dre dlso provided with Isoldntite insuldtors dt edch end.

NATIONAL TRANSMITTER COIL FORMS
The Transmitter Coil Forms and Mounting are designed
as a group, and mount conveniently on the bars of a
TMA condenser. The lar~er coil form, Type XR-14A,
has a winding diameter of 5" and a windin[ length of
33,4" and is intended for the 80 meter band. (he smaller
form, Type XR-10A, has a winding length of 33,4" and
a winding diameter of 212". For 20 and 40 meter bands.
Either coil form fits the PB-15 plug. For higher frequencies, the plug may' be used with a self-supporting
coil of copper tubing . (he XB-15 Socket may be mounted
on breadboards, chassis, or the TMA Condenser.

SINGLE UNITS
XR-10A, Coil Form only
List $1.50
XR-14A, Coil Form only
PB-15, Plug only
XB-15, Socket only

List 3.50
list 1.35
List 1.75

ASSEMBLIES
UR-10A, Assembly (including smdll
Coil Form, Plug Clnd Socket)
List $4.60
UR-14A, Assembly (including large
Coil Form, Plug dnd Socket)
List $6.25

NATIONAL BUFFER COIL FORMS
National Buffer Coil Forms are desisned to mount
directly on the tie bars of a TMC condenser using the
PB-5 Plug and XB-5 Socket. Plug and Socket are of
molded R-39.
The two coil forms are of Isolantite( left unglazed to

p~ovide a tooth for coil dope. The arger form, Type

XR-13, is 13,4" in diameter and has a winding length of
2%". The smaller form, Type XR-13A, is 1" in diameter
and provides a winding length of 23,4". Both forms have
holes for mounting and for leads.
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SINGLE UNITS
XR-13, Coil Form only list $1.10
XR-13A, Coil Form only
List
.60
PB-5, Plug only
List
.75
List
.75
XB-5, Socket only

ASSEMBLIES
UR-13A, Assembly (including small
Coil Form, Plug dnd Socket)
List $2.00
UR-13, Assembly (including Idrge
Coil Form, Plug dnd Socket)
list $2.50

EXCITER COILS AND FORMS-TYPE AR-16 (Air Spaced)
These "ir,spdced coils dre suit"ble for use in stdges where the
pldte input does not exceed 50 w"tts "nd eIre dVdildble in the
sizes tdbuldted below. Cdpdcities listed will resondte the coils
cIt the low frequency end of the bdnd dnd include "II strdY circuit
cdpdcities. All hdve sepc!rdte link coupling coils "nd dll fit the
PB·16 Plug "nd XB·16 Socket.
The XR·16 Coil Form dlso fits the PB·16 Plug "nd XB.16 Socket.
It hds d winding didmeter of 11,4" dnd d winding length of 1 JA".

Order by utal09 Symbol Shown in This Table
Bend

End Link

Cop

Mml

Cent.
Link

Cop

Mml

Swlnsin.
Link

Cop

Mml

5 meter

AR16-5E

20

AR16-5C

20

--

10 meter

AR16-1OE

20

AR16-1OC

20

AR16-105

25

20 meter

AR16-2OE

26

AR16-2OC

26

AR160205

40

40 meter

AR16-4OE

33

AR16-4OC

33

AR16040S

55

AR1608OE

37

AR16-8OC

37

AR160805

(fJ

AR1601(fJE

65

AR16-1{fJC

65

--

BO meter
1(fJ mater

I

-

Exciter
coil
on

TMK
condenser

-

I. F. TRANSFORMERS

IFC, Tronslormer, oir core
Lid $5.00
List $5.00
IFCO, Oscillotor, oir core
Air dielectric condensers isoloted from eoch other by on olumlnum shield. litz
wound coils on d moisture proofed cerdmic ~5e. Shield Cdn 4Va" )( 2%" x 2".
Av.iloble for either 175 KC or 450-550 KC. Specify frequencY.
IFO, Diode Tronsformer, olr core
List 53.50
Tuned primory ond untuned, closely-coupled secondory lor full.w.ve diode
recti6ers. For noise silencing circuits, etc. 450-550 KC, oir core Oflly.
IFE, Trondormer, iron core
Lid $5.50

FIXED-TUNED EXCITER TANK

FXT, without pluq-in bose
list $4.50
FXTB, with bose (either 5· or 6-prong)
list $4.90
Simildf in generdl construction to the I.F. trdnsformer described dbove~ this unit
hos two 25 mmf, 2000 volt oir condensa" ond on unwound XR-2 coil form.

PLUG-IN BASE AND SHIELD
P8010, (B~S8 ~nd Shield)

XR.16, Coil Form only
List $.60
PlJ..16, Plug-in Bose only
List .-40
XB-16 Plu,-in Socket only
List .50
AR.16 COUI - Any type (see toble)
Eoch, Lilt $1 .50
Including PB-16 Plug os i"ustroted.

List $.75

PlJ..10A, (Bos" only)
List $.-40
The low-loss R-39 bose is ideol for mounting cond"nsers ond coils when it is de·
siroble-to hove them shielded ond aosily ramovobl,,_ Shiald con is 2".2*". 4Ys".
Two models ora ovoiloble, 5- or 6oprong.

NATIONAL HIGH
FIDELITY TRF UNITS
Notionol Tuners ore bosed on 0 high per.
rormdnce TRf circuit reduced to its simplest
terms. Simil.r in construction to .n IF Amplifier, e.ch ChfSSis provides. three-st.ge Rf
Ampli6er tuned to one stotion only. A group
of sePdr.te ch.ssis .re uSUdlly used in e.ch
inst.ll.tion.
Eoch RF Trons/ormer is tuned both prim4ry
ond second.ry(8 tuned circuits). The coupling
is odjustoble to include 10 KCwith less thon 1
db v.ri.tion in the .udio r.nge. Sensitivity Is

odjusloble from 5 microvolts to one volt.
Three models cover ronges of 540-875,
740-1230, ond 1100-1700 KC. Tha chossis
6ts 0 st4ndord 3~" reloy rock ponel.
DLCA, Chossis os iUustroted with sockets ond
LIst $4.60
termindls rivated in ploce
OLPS, Steel J,fj" ponel
LIst $1.50
OLPA, Aluminum YI6" pon,,1
list $5.00
OLT, RF Tronsformer, set of four required
LIst, eech, $6.50
(Sp"cify dPPro.imot" operoting frequency)

11

NATIONAL PARTS
COIL FORMS
XR-1, Four prong, list S.50

XR-2, without prongs
list S.35
Molded of R-39, permitting
them to be grooved ~nd
drilled . Coil form di~meter
1", length 1%".

XR-3

list S.30

Molded of R-39. Di~meter
91. 6", length 3,4". Without
prongs_._ _ _ __

XR-4, Four prong, list S.75
XR-5, Five prong, list S.75
XR-6, Six prong, list S.75
Molded of R-39, permitting
them to be grooved ~nd
drilled. Coil form di~meter
1 % " , length 21,4". A speci~1
socket is required for the
six-prong form.
X(6(, Speciell six prong
socket lor XR-6 Coil Form,

List S.75

-----

IMPEDANCE COUPLER
>101
list S6.00
A pl~te choke, coupling
condenser ~nd grid le~k
se~led in one Cdse, for
coupling the output of ~ regenerdtive detector to ~n ~u
dio stdge. Used in SW-3.

100 KC OSCILL. COIL
OSR
list S1.50
A shielded oscill~tor coil
which tunes to 100 KC with
.00041 Mfd . Two se~r~te
induct~ncesl closely coupled.
Excellent or interruptionfrequency oscilidtor in superregener~tive receivers.

SHIELDS
(>1, 5" x 3" x 3" (outside)
list S5.00
CS-2, 5" x 4" x 4" (outside)

list 56.75
(>3, 63,4" x 6" x 6" (outside)
list S13.50
These rugged CdSt dluminum
shields m~y be used ~s Cases
for smdli w~vemeters, monitors dnd elS stdge shields in
high-g~in equipment.

COIL SHIELDS
List S.35
RO, coil shield

2" )( 2%" )(

4Va" high

J30, coil shield

List S.35

2%" did. x 33,4" high

830, coil shield

list S.35

3" did. x 33,4" high without
mtlunti ng bdse.

830, coil shield

list S.SO

Sdme ~s ~bove, but with
mounting bdse.

TUBE SHIELDS
IS, tube shield
List S.4O
With Cdp ~nd bdse.

158, tube shield

List S.4O

With CdP ~nd bdse, for 77,
78, etc. tubes.

T78, tube shield

List S.4O

With Cdp ~nd b~se, for 77,
78, etc. tubes.

114, tube shield

List S.4O

2%" high, for 814, RK-20,
etc.

T07, tube shield

list S.4O

3" high, for 807, RK-23, etc.

JACK SHIELD
J>1, J~ck shield list S.35
For shield in sm~1I st~nddrd
jdcks. For mounting behind
d Pdnel, or on the ends of
extension cords.

NATIONAL CABINETS
The N~tion~1 C~binets listed below dre the
selme dS those used in Ndtiondl Receivers,
except th~t they ~re supplied in bldnk form.
They ~re m~de of he~vy g~uge steel, dnd the
pdint is unusu~lly well bonded to the met~1.
Sub-b~ses dnd bottom covers ~re included in
the price.

NATIONAL PARTS
CODE PRAcnCE
OSCILLATOR

CRYSTAL HOLDERS
4-in 1
list $7.50

CPO, without batteries or
tube
List 56.00
This small audio oscillator is
suitabl e for either code practice, or as an audio signal
source for ICW on the Ultra
High Frequency Bands.
A type 30 tube is used, and
lour Aashlight cells in the case
provide Rlament and plate
current.

Designed to hold four separate
crystals up to 1" square, which
may be selected by a built-in
low capacity switch. Plug-in
base. Low loss construction.
CHR
list 52.50
A small crystal holder 01 the
resonator type, for use in receivers. Plug-in base. Low loss
construction.
CHT
List 52.50
A small pressure type crystal
holder, for use in transmitters.
Plug-in base. Low loss construction.
CHV, less crystal list 59.50
CHV, with crystal list $32.50
A crystal holder of the variable
sap type which permits tuning
the crystal over a range 01 one
part in 600, when a suitable
crystal is used. An 80 meter
crystal that will double into
the 20 meter phone band is
supplied when the holder is
ordered with crystal.

PUSH SWITCH
ACS-4, Four gang, with trigger bar
list 55.00
ACS-1, Single section, less
List 51.25
trigger bar
The National Interlocking Push
Switch has low losses, complete reliability and positive
contacts. Insulation is R-39. The
si Iverplated contacts are double pole, double throw.

SAFETY METER PANEL
MPF
List 52.50
Meter Panel with window
MPS
List 52.00
Sub-panel for meters
This new panel makes it safe to
connect meters into highvoltage leads. The meters are
mounted behind a glass window on a sub-panel. It is
available either blank( or
punched with 2, 3, or 4 holes
for 2" diameter meters. Holes
lor bolting the meters in place
are not provided as their
location varies with different
makes of meters. Finish is black
wrinkle.

NATIONAL OSCILLOSCOPES
Notionol Oscilloscopes hove power supply ond input
controls built in. A ponel switch permits use of the built·
in 6O-cycle sweep or externdl .udio sweep for securing
the fdmilidr trdPezoid Pc!Ittern for modul.tion medsurements.

CRM, less tubes
list S18.50
1" screen, using RCA·913 ond 6XS reetiAer. T.ble
modal, 4 Ya" • 6Ya" x 8".
CRR, less tubes
list 132.50
2" screen, using RCA·902 .nd 6XS rectiAar. Reloy r.ek
mounting_

CHART FRAMES
Size A, 21,4" x 31,4" list 5.50
Size B, 3" x 4"
list.60
Size C, 33A" x 4" List .70
National Chart Frames are
blanked from one pi ece 01
solid nickel silver. Sides of all
charts are 1,4" wide. Pri _es
include a celluloid sheet to
protect the chart.

SPEAKER CABINETS
NDC·8 lor 8" speaker
List 55.00
NOC.10 for 10" speaker
list 56.00
These cabinets are corrected
acoustically to prevent undesi red resonance peaks.
Acoustic lelt lined. Finish:
black wrinkle.

COIL DOPE
CO.1,1A pint can list 51.50
liquid Polystyrene Cement is ideal for windings as it will
not spoil the properties of the
best coil form.

NATIONAL LOW-LOSS SOCKETS AND INSULATORS
XCA
List S1.50
A low-loss so~ket for <l~orn
triodes.
XMA
List S2.00
For pentode dcorn tubes, this
socket hCls built-in by-pdss condensers. The bClse is d copper
pldte.
XM-10
List SUS
A hedVY duty metClI shell socket
for tubes hdving the UX bClse.
XM-50
List S1.75
A heelVY duty metdl shell
socket for tubes hdving the
Jumbo 4-pin bClse ("fifty WClttersOO).
JX-50

List S1.20

Without St.ndoll IMul.tolS

JX-5OS

List S1.50

With St.ndolf Insul.tolS

A low-loss wdfer socket for
the 813 elnd other tubes hdving
the Gielnt 7-pin Belse.

JX-100

List S3.00

Without SI.ndoff IMul.lors

JX-100S

List S3.60

GS-1,

Y2" x 1%" List S .25

05-2, W' X 27's" List

.35

GS-3, %" x 21's" List

.90

GS-4, %" x 4Ya"

List 1.10

GS-4A, %" x 6" List 1.60
Cylindricdl low-loss steCltite
stClnd-off insuleltors with nickel
plClted CClpS elnd bases.
GSJ, (not iliustrClted) List S.10
A speciClI nickel plClted jelck
top threelded to fit the %"
diClm. InsulCltors GS-3, GS-4
& GS-4A.

GS-5, 11,4"

List, each S.25

GS-6,2"

List, each .45

GS-7,3"

List, each .75

GS-10,

%", Pdckdge of 10
List S.75

These cone type stdndoff
insuleltors elre of low-loss
s~edtite. They helve el tdpped
hole CIt eelch end for mounting.

With Sf/lndoll Insufllors

A low-loss welfer socket for
the 803, RK-28 Clnd other
tubes using the Gidnt 5-pin
Belse.

SAFETY GRID & PLATE
CAPS
List S_35
SPG
Us" CClP, R-39 L. L. insuleltion
SPP-9
List S.35
9 / 16" CdP L. L. cerelmic insuleltion. These offer protection Clgdinst elccidentdl contClct
with High VoltClge lobe CCIPS
SPP-3
List S.30
%" CCIP L. L. cerClmic insuleltion
GRID & PLATE GRIPS
12, for 9 / 16" CCIPS List S.10
List .05
24, for %" CCIPS
8, for 14" CdP
List .05
12 & 24 suitelble for gldSS tubes
8 is for metdl tubes

GS-8, Pldin

List S.35

GS-9, with Jelck

List .50

These low-loss stedtite stClndoff insuldtors elre ellso useful elS
leCld-through bushings.

xC Series

Soclcets
Any Type

List $.60

National wafer sockets have exceptionally good contacts with high current
capacity together with low loss Isolantite
insulation. All types have a locating
groove to make tube insertion easy, with
the exception of the Octal socket which
has a central locdting hole.

NATIONAL LOW-LOSS SOCKETS AND INSULATORS
list S.60

FWG

A Victron termin~1 strip for
high frequency use. The bind·
ing posts t~ke b~n~n~ plugs at
the top, ~nd grip wires through
hole ~t the bottom, simult~ne
ously, if desired.

list S.85

FWH

The insul~tors of this termin~1
assembly ~re molded R-39 ~nd
have serrated bosses that ~lIow
the thinnest ~nel to be
gripped Armly, ~nd yet hllve
ample shoulders. Binding posts
same as FWG ~bove .

list S.65

FWJ

This ~ssembly uses the slime
insul~tors ~s the FWH ~bove,
but has j~cks . When used with
the FWF plug (below), there
is no exposed met~1 when the
plug is in pl~ce.

list S1.OO

FWF

This molded R·39 plug h~s two
b~n~na plugs. on 3,4" centers
and fits FWH or FWJ ~bove.
Le~ds may be brought out
through the top or side.

per

AA-5
A low-loss

ste~tite
type str~in insul~tor.

list S.30
~ircr~ft-

list S.35
AA-6
A general purpose str~in in-

sulator of low-loss ste~tite .

XS-6

list, each S.1 5
A low-loss isolantite bushing
for ]h" holes.

TPB

list, per dozen S.75
A threaded Polystyrene bush-

ing with remov~ble .093 conductor moulded in, %" di~m.,
32 thread.

XS-7, (3/s" Hole)

list S.50

XS-8, (W' Hole)

list S.65

Steatite bushings. Prices include male and fem~le bushings with metal fittings.

XS-1, (1" Hole)

S.15

XS-2, (1 W' Hole) list S.9O

pair S.35

Prices listed are per p~ir, including metal fittings. Insul~
tion - steatite.

FWE, Jack
list, each
Br~ss Nickel PI~ted

list,

for 6 inch line sp~cing. (600
ohms impedance with No. 12
wire.)

S.25

FW A, Post
list, each
Brass Nickel PI~ted

FWC, Insulator

list S.30
AA-3
A low. loss steatite spreader

list S.75

R·39 Insuilltion
FWB, Insul~tor list, each
Polystyrene insulation

S.10

CIR Series Sockets
Any Type

List $.40

Type ClR Sockets fedture low-loss
isoldntite or stedtite insuldtion, d contdct thdt grips the tube prong for its
entire length, dnd d metdl ring for six
position mounting. The sockets dre
supplied with two metdl stdndoffs.

XS-3, (23,4" Hole) list S5.OO
XS-4, (33,4" Hole) list 16.50
Prices are per ~ir, including
metal fittings. These low-loss
steatite bowls ~re ide~1 for
lead-in purposes ~t high voltages.

XS-5, Without Fittings
List, each, S7.50
XS-5, With Fittings
list, per pair, S15.50
These big low·loss bowls h~ve
~n extremely long le~k~.ge
path and a 51.4" Adnge for
bolting in pl~ce. Insul~tion ste~tite.

NTE EXCITER.AMPLIFIER
The idedl dnswer to trc!nsmitter control dt the operdting position, the NTE combines d multibdnd ex-

citer with a high gain sI'eech dmpliher. In the
exciter, d crystdl oscilldtor is followed by three
frequency multiplier stdges, giving d choice of four
dm<lteur bdnds, selected by d push button switch
on the pdnel. Crystdls plug in from the front pdnel,
dnd specidl holders provide for d choice of freouencies in ec!ch bdnd. The speech dmplifier delivers 10 WdttS with dn input of .005 volts. A complete description dnd price listing will be found in
our 1941 cdtdlogue No. 400. NTE Exciter-Amplifier, List $215.00, Tdble Model.

NSA SPEECH AMPLIFIER
Two input circuits with dn electronic mixer, one
with 125 db gdin for crystdl microphones, etc., dnd
the other with one less stdge for phonogrdph pickups, etc. 15 WdttS output from fixed-bids PP 2A3·s.
Frequency chdrdcteristic within 1 db from 25 to
10,000 cycles. A complete description dnd listing
will be found in our 1941 Cdtdlogue No. 400.
NSA Amplifier, list $115.00, Tdble Model.

NTX.lO TRANSMlnER
Simildr to the NTE Exciter described dbove, but
with dn output stdge substituted for the speech
dmpliAer. The NTX-30 is d self-contdined CW
Trdnsmitter with dn output of 30 WdttS on 10, 20,
40 dnd 80 meters. For phone dn externdl moduldtor,
such dS the NSM described below, must be used .
The NTX-30 mdkes dn idedl exciter-buffer for d
high power stdtion. A complete description dnd
listing will be found in our 1941 cdtdlogue No.
400. NTX-30 Transmitter, list $195.00, Tdble
Model.

NSM MODULATOR
The NSM Moduldtor fedtures 30 WdttS output, 50
to 10,000 cycle rdnge, Automdtic Volume Compression, DB meter showing dmount of compression, Tone Control, dnd two sepdrdte input drcuits. A complete description dnd price listing will
be found in our 1941 cdtdlogue No. 400. NSM
Modulator, List $130.00, Tdble Model.
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NATIONAL
NC-200
The Ndtiondl NC-200 is d new
communicdtions receiver hdving d number of fedtures not
previously dVdildble. Twelve
tubes dre used in d hiShly perfected circuit thdt includes dn
extremely effective noise limiter. The crystdl ~Iter hds dn
exceptiondlly wide selectivity
rdnge for use on both CW dnd
phone, dS well dS d phdsing
circuit thdt mdkes rejection
rdtios dS high dS 10,000 to 1
dVdildble even when the interfering signdl is only d few
hundred cycles from the desired signdl. The AVC
holds the dudio constdnt within 2 db for signdls from
10 microvolts to 100,000 microvolts. The sensitivity
of the NC-200 is pdrticuldrly high, requiring only
1 microvolt input for 1 Wdtt of dudio output on the
highest frequencies covered by the receiver. Signdl-to-imdge rdtio is better thdn 30 db dt ten meters.
There dre ten cdlibrdted coil rdnges, edch with its
own sCdle on the direct-redding aidl. Six of these
rdnges provide continuous coverdge from 490 KC
to 30 MC The remdining four rdnges cover the 10,
20, 40 dnd 80 meter banos edch of which is spredd
over the mdjor portion of the didl sCdle. Rdnges dre
selected by d pdnel control knob. A movdble-coil
system simildr to the NC-100 is used. The inertidtype did I drive hds d rdtio of 30 to 1.
All models of the NC-200 dre suitdble for either
AC or battery operdtion, hdving both d built-in
AC power supply dnd d specidl detdchdble cdble
dnd plug for bdttery connection. Removdl of the
spedker plug disconnects both pldte dnd screen

circuits of the dudio power stdge thus providing
mdximum bdttery economy. The B supply filter dnd
the stdndby switch dre wired to the battery termindls, so thdt the filter is dVdildble for vibrdtor or
dYndmotor B supplies.
The ten-inch spedker is housed in d Sepdrdte
cdbinet specidlly designed to hdrmonize with the
trim lines of the receiver. The undistorted output
is 8 WdttS.
All fedtures expected in d ~ne communicdtion receiver dre provided. These include CW oscilldtor,
Signdl Strength Meter, B-supply switch, etc.

NC-200 TG Table Model, two tone GrdY wrinkle.
List 5245.83
Price includes d 10" P.M. dyndmic spedker in
cdbinet.

NC-200 RG Rack Model, GrdY or Bldck wrinkle,
mounted on 3 / 16" dluminum pdnel. List 5275.83
Price includes d 10/1 P.M. dyndmic spedker
mounted on 10%/1 rdck pdnel.

NATIONAL NC-44
The NC-44 Communicdtion Receiver employs seven tubes in d
superheterodyne circuit. There
dre sepdrdte controls for RF dnd
AF gdin, dnd on dnd off switches
for the AVC and CWO circuits.
A
strdight-line-frequency condenser is used in conjunction with
d sepdrdte bdnd spredd condenser.
The full vision did I is cdlibrdted in
frequency for edch range covered.
A coil switch selects the four rdnges
from 550 KC to 30

Me.

NC-44 -

Receiver, complete with tubes,
coils covering from 550 KC to 30 MC, dnd

spedker in cdbinet, for 105-130 volts AC
or DC operdtion - bldck finish.
list $82.50
NC-44B - Receiver, Sdme dS dbove but for
bdttery operdtion, less bdtteries.

list $82.50
NC-44A -

Receiver, Sdme dS dbove but for
105-130 volts AC only.
List $82.50
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The HRO Receiver is a high·gain superheterodyne designed
for communiC4tion service. Two preselector stdges give
remark.abJe imdge suppression, wedk signdl response dnd

high sign.l.to·noise r.tio. Air·dielectric tuning capacitors
account. in part. lor the high degree 01 oper.ting stability. A
.
crystol filter with both v.riable selectivity .nd ph.sing controls m.kes po"ible .djustment of selectivity over a wide
I
range. Heterodynes and Interfering c.w. signlls may be
"ph.sed out" (attenu.ted) by correct setting of the phaSing
control. A signdl strength meter, connected in« vacuum tube
bridge circuit. is calibrated In S units from 1 to 9 and in db
.bove S9 Irom 0 to 40. Also included .re .utomatic .nd
m.nu.1 volume controlle.tur..... belt oscill.tor• • headphone jock .nd •
B+ st.nd-by switch. Power supply is. separate unit. The stlndard model
of HRO is supplied with four sets of coils covering the frequencies from
1.7 to 30 megacycles. Each coil set covers two .mlteur bonds and the
spectrum between. The higher frequency Im.teur bond of elch rlnge. by
• simple change-over oper.tion. m.y be expanded to occupy 400 divi·
sions 01 the 500 division PW instrument type dial.
'.

~' r.' r-::·
• •
':)

'r:.
",c.~.
"

All models 01 the HRO are supplied with 6,3 volt
heater type tubes. Table models and .ccessories .re
finished in black wrinkle enamel.
HRO Ilbl. model, receiver only, complete with lour
sets 01 coils (1.7-4,0,3,5-7.3,7.0-14.0, 14.0-30.0
MCS).
List 1299.50
HRO Jr.• lable model. receiver only. with one set 01
14 to 30 me. coils.
List $180.00
COILS
HRO Type
E, Range 900-2050 kc List 120.00
HRO Type
F, R.nge 480-960 kc List 120.00
HRO Type
G, Range 180-430 kc List $27.50
HRO Type
H. Range 100-200 kc List $30.00
HRO Type
I. R.nge 50-100 kc List $37.50
HRO Jr. Type JA. R.nge 14.0-30.0 mc List $16.50
HRO Jr. Type JB. R.nge 7.0-14.4 mc List $16.50
HRO Jr, Type )C. Range 3.5-7,3 mc List $16,50
HRO Jr, Type JD. Range 1.7-4.0 mc List $16.50
MCS tabl. mod.1 clblnet. 8" PM dynamic speaker
List $16,50
and mltching trlnslormer
697 TIbl. power unltl 115 volt, 60 cycle input, 6.3
volt he.ter Ind 230 volt. 75 m.•. output. with tube
List 126.50
See our 1941 cltllogue No. 400 lor rellY rIck

For those who require the high perform.nce of the HRO but do not need
its extreme versatility, the HRO Jr. is offered. The fundamental circuit
and mech.nical details of both receivers are identical, but the HRO Jr.
is simpliAed by omitting the crystal filter, signol strength meter and by
supplying coils less the bond-spreod fe.ture.
The Irequency r.nge of both the HRO .nd HRO Jr. may be extended to
50 kilOCycl ... by using addition.1 coil sets,
A technical bulletin covering completely dll detdils will be supplied
upon request.

Mounting, coil contdiners dnd dccessories.

NATIONAL NC-100A
NC-101X
These 11 tube superheterodyne receivers Ire self-contained (except for
the spe.ker) in. toble model clbinet that is readily Idapted to relay rack
mounting. One stoge 01 R.F. • nd two stages of I.F. Ire used. Low loss
insul.tion.nd high·O coil, give ample sensitivity and selectivity. Separate
R.F, dnd Audio Gain Controls and. signal strength meter .re mounted on
the ponel. Other controls are tone, CW Oscillator, A VC with ImpliAed
.nd delayed Iction, • B+ switch, and a phone j.ck. A self-contained
~ower supply provides all necessory voltlses including spelker field
€Xcitdtion. The rdnge chdngins ~tem is unique in thdt it combines the

mechanical convenience 01 a coil switch with the electricol efficiency of
plug.in coils.
All NC·1oo series receivers Ire Atted with a noise limiter of truly remarkable effectiveness.
The NC.1OOA. illustrated lbove, covers the range from 540 KC to 30
Me The large full vision dial is colibr.ted directly in meg.cycles and a
separate high speed vernier scole provid ... high precision in losging.
The NC·100XA is similar but equipped with a crystal filter.
NC·100A - complete with tubes. AC model - 10" speaker in
The NC.101 X. illustrated below, Is built strictly for the
cabinet.
List $200.00
.m.teur bonds and covers only the following rlnges: 1.7NC·1 ooXA - complete with tubes and crystal filter. AC model2.05 MC, 3.5-4.0 MC, 7.0-7.3 MC, 14.0.-14.4 MC, and
10" speaker.
Lilt $237,50
28.0-30.0 Me The NC-101X is equipped with a crystal
NC·101X -complete with tubes. AC model -10" speoker in
cobinet.
List 1215.00
Alter, s.meter. and the PW type instrument dial.
NC·101XA - complete with tubes. AC model - 10" speoker
The NC.101XA h.s the ..me leotures .s the NC.101X.
in cabinet.
List Si15.oo
except lor the direct redding di.1 .nd the cabinet. which .re
See our 1941 catalogue No. 400 for bottery models, 12 inch
speakers, 200-400 kc rInge, etc.
similar to the NC-100XA.
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NATIONAL NHU
This specidlized communiCdtion receiver is d superheterodyne covering the rdnge from 27 to 62 MC
in three rdnges, edch being Cdlibrdted on d direct
redding full-vision didl. The circuit uses three dcorn
tubes, dnd includes d Noise Limiter, Cdrrier-off
Noise Suppressor, dnd Ampli~ed dnd Deldyed
AVe.
One Idrge knob on the pdnel slides in or out to
engdge either the tuning condenser or the rdngechdnging system. Inertid-type tuning is used, with d
rdtio of dpproximdtely 70 to 1. The pointer is positively driven by rdck dnd pinion, dnd moves verticdlly when the coil rdnge is chdnged so thdt it dlwdYS points
to the proper frequency. The coils dre mounted rddidlly in d
CdSt dluminum turret which is edsily turned into position by the
knob on the pdnel. Directly dbove the coil turret is the threegdng strdight-line-frequency tuning condenser. The RF circuit
dnd tubes dre built completely inside the frdme of the condenser, thus mdking d compdct dssembly with the shortest
possible ledds from coils to condensers to tubes.
All fedtures dnd controls commonly Found in high-qudlity
comrilUnicdtion receivers dre incorpordted in the NHU,
including d wide rdnge crystdl ~Iter.

NHU Receiver, tdble model, complete
with tubes, 8" spedker with cdbinet
dnd coils covering from 27 to 62 MC,
but without power supply, bldck finish .
List 5275.00
NHU-20 Receiver! Sdme dS NHU but
with 20 Meter Coi .
List 5290.00
5856 Power Supply, tdble model with
rectifier, for NHU or NHU-20.
See our1941 cdtdlogue No. 400 for bdttery operdtion, reldY rdck mounting, etc.

NATIONAL ONE-TEN
The One-Ten Receiver fulfills the need for an adequate
receiver to cover the field between one and ten meters.
A four-tube circuit is used, composed of one tuned R.F.
stage, a self-quenching super-regenerative detector,
transformer coupled to a Rrst stage of audio which is
resistance coupled to the power output stage. Tubes
required: 954-R.F.; 955-Detector; 6C5-1st Audio,
6F6-2nd Audio.

11 0 Receiver .nd 6 ,et, of coils, w ithout
tube" ,pe.ker or power supply. list S85.00

5886 Power Supply for .bove receiver, with
lube.
list Si9.50

NATIONAL SW-3
SW-3, univer .. 1 model, without
coils, phones, tubes or power supply.
List U5.00
5886-AB, Power Suppll.' 115 V,
(;I) cycle, with 80 Rectl: r$i9.5O

Gen ...1 Co....._ Colh
ut.
list
No. R.nse - Meters Per p.ir
30
9 to 15 ..... S5.00
31
13.5 to 2S . . . .. 5.00
3i
23 to
41 . .... 5.00
33
40 to 70 ..... 5.00
3-4
65 to 115 . .... 5.00
35
115 to 200 . .... 5.00
36
200 to 3(;1) .. . .. 5.50
37
350 to 550..... 5.50
38
500 to 850 ..... 6.50
39
850 to 1200 . . . . . 8.00
-40 1200 to 1500 ... .. 8.00
-41 1500 ~o 2000 ..... 8.00
-4i 2000 to 3000 ..... 10.00

IIInd ~pr"d CQill

30A- 10
31 A - 20
33A - 40
3-4A - 80
35A - 1(;I)

meter . .. .... S5.00
meter .. .. . .. 5.00
meter . . . . . . . 5.00
meter . . . . . . . 5.00
meter . . • . . .. 5.00

The SW-3 Receivers employ d
circuit consisting of one R.F.
stage transformer coupled to a
regenerative detector and one
stase of impedance coupled
audio. This circuit provides maximum sensitivity and Aexibility
with the smallest number of
tubes and the least auxiliary
equipment. The single tuning dial operdtes a precisely ddjusted
two gang condenser; the regeneration control is smooth and
noiseless, with no backlash or fringe howl; the volume control is
calibrated from one to nine in steps corresponding to the R scale.
ONE UNIVERSAL MODEL - The circuit of the SW-3 is drrdnsed for
either bdttery or AC operdtion without coil substitution or circuit chdnge.
Bdttery operdtion utilizes two 1 N5-G dnd one 1 A5-G tubes. AC operdtion utilizes type 5886 AB power supply with two 6J7-G dnd one 6C5-G
tubes.
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The new 1941 Super
standards for C~'mllll"lni'ca':io,ns.,
15 tubes. Frequency range
Each control performs
lribules 10 Ihe ()-"ltstan,~i~lg
the unil. all Ihe
ease of operation.
electrical efficiency
veoience of control
been rigidly
taken 10
The new Super Skyrider has an image rauo of 4510 1
at 28 mc - 350 10 1 at 14 mc and a proportionately
increasing ratio as the frequency is lowered. While the
two RF stages are principally needed to obtain such
image ratios they also perform two other useful func·
tions - more favorable si.nal noise ratio and in·
creased selectivity. The If Amplifier of the Super
Sky rider has been designed for permanencY of adjust.
ment under conditions of extreme changes in tem·
perature and humiditY as well as unusual mechanical
vibration. When you see the new Super Skyrider you
will then know why the Hallicrafters lead in Com·
muoicatioDs equipment value.

FEATURES
Micrometer scale tuning inertia controlled - Cali.
brated band spread inertia controlled - Tone and
AC ON·OFF - Beat FreQ.uencY Oscillator - A.F.
Gain - R.F. Gain - 6 Position band switch - An·
tenna Trimmer - 6 Position selectivity controlCrystal phasing - Adjustable noise limiter - Send·
Receive Switch - A.V.C.·B.F.O . Switch - Bass boost
switch - Phone jack.
15 Tubes.
6 Bands for most satisfactory L/ C ratio.
2 R.F. stages on bands 3 to 6.
Push. pull high fidelity, audio output.
6 Step wide range variable selectivity.

Band pass audio lilter.
Wide angle "s" meter.
Phone jack.
Adequate headphone output.
Improved signal to image and noise ratio.
80/ 40/ 20/ 10 Meter amateur bands calibrated.
Temperature compensated high frequencY oscillator.
New type inertia·controlled back·lash free dial mech·
anism on both main tuninl( and bandspread dials. This
mechanism is pre10aded and the main shaf's are
supported at both ends with ball bearings.
The chassis is removed from the front panel and
firmly positioned with two brackets whieh support it
without danger of strain or torque.
Both main tuninl( and band spread condensers are
semi·f1oating and mounted to the chassis at three
points.
FREQUENCY RANGE:
Band 1 - 540 to 1650 kc.
Band 2 - 1.5 to 3.2 mc.
Band 3 - 3.0 to 6.2 mc.
Band 4 - 5.5 to 12.0 mc.
Band 5 - 11.0 to 32.0 me.
Band 6 - 21 .0 to 43.0 mc.
Cabinet dimensions - 20%" long - 14%" deep9%" high.
The MODEL SX.28 receiver with crystal
and tubes, less speaker ............. Net
Hallierafters Jensen bass·re8ex enclosure including
12" speaker 30" high - 16" deep - 22 1/ , ' wide
Model R 12 ....... . .... .. ............ . $28.60
Hallicrafters Jensen bass·re8ex enclosure 8 " speaker
23 th" high - 10'!." deep - 17%" wide - Model
R8 .................................... $18.60

S15950

HANDBOOK

471 ]
[ CATALOG
SECTION

WORLD'S LARGEST BUILDERS OF AMATEUR COMMUNICATIONS EQUIPMENT

-25

A de luxe model acclaimed by amateurs
over the U. S. as the finest amateur receiver
ever manufactured at anywhere near this
price. It offers even better performance than
that of the famed SX-l 7. Its general circuit is
based on the proved efficiency of America's
best selling receiver, the Skyrider DEFIANT.
Among its outstanding advantages are extreme selectivity with more and better
audio. The design o( the crystal filter makes
possible critical CW operation under trying
conditions o( interference, and, in addition,
the sensitivity o( the receiver is raised (rom
2.8 to 4 times in the "CW Xtal" position
when the receiver is tuned to the exact
resonant (requency o( the crystal itself; this
means more usable sensitivity.
Both IF stages are expanded in the "Broad
IF" position (or high fidelity performance.
An effective AVC or automatic volume control circuit keeps most signals at uniform
audibility. The automatic noise limiter
reduces interference by as much as 70%.
The extremely low noise level of the SUPER
DEFIANT makes it sensitive to very weak
signals.
Every part is placed (or best performance
without regard (or symmetry or beauty.
Being self-contained there are no external
units except the speaker. Tuning is effortless. Controls are conveniently located.

FEATURES
of preseleclion.
tubes:
range 540 kc to 42 mc in four bands:
1- 540 kc-1700 kc.
2 - 1.7 mc-5.1 mc.
3 - 5.0 mc-15.5 mc.
4-15.1 mc-42 mc.
Separate calibrated baodspread dial for the 10. 20.
40 and 80 meter baods provide. frequency meIer
luning.
Oscillator compeosatioo for frequency stabililY.
Automatic noi.e limiter.
Six· step variable selectivity soverin. from wide range
high fidelity to extreme CW crystal.
S meter calibrated io "S" and "DB" units.
Push· pull output stage furoishe. 8 watts of audio.
Froot panel controls: RF Gain,). Selectivity Switch.
Crystal Phasiog. Audio Gain. t'ilch Control Main
l ANL
Tuniog Control. Baodspread Tuning Contro.~
Switch. Hi·Lo Tone. Seod-Receive Switch anO BFO
Switch.
Exteroal provisioo for: Send·Receive Terminals.
Headphones! 5000 or 500 ohm Output. Single Wire
or Doublet I\olenna.
Laboratory checked. piezo quartz erySlalfilter iocluded
as staodard equipmeot.
Teo-inch heaor duty PM dyoamic speaker io matching
metal cabinet Included as staodard equipmeot.
Dimensioos of receiver cabinet ooly: 19 1/ . " long.
9'h" high. I IV." deep.
110 volt 50-60 cycle AC operation. DC operatioo
socket provided for battery or vibrapack.
The SUPER DEFIANT (Model SX·25) - Complete
with speaker. crySlal aod tube •. Shipping
weight 52 Ibs................... .. .... ..
Extra for Uoiv. 110-250 volts. 25-60 cYcles .. $5.00

S9950
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ER DEFIANT
SX-24
WITH
FREQUENCY
METER
UNING

The Skyrider Defiant offers perform.
ance that can be favorably compared
only with most receivers at twice the
price. Every advanced feature of the
entire HaIlicrafters line is incor·
porated in this unit. Truly, it has all of
the desirable features and qualities
that are needed for outstanding ama·
teur reception. Four bands cover the
range from 545 kc to 43.5 mc; frequency meter tuning on 10, 20, 40
and 80 meter amateur bands. Tubes3-6SK7, 1-6K8, 1-6SQ7, 1-6F6G,
1-6H6, 1-76, 1-80. Controls include
RF gain, selectivity switch, crystal
phasing, audio gain, pitch control,
main tuning control, bandspread tun·
ing control, A.N.L. switch, Hi-Lo
tone, send-receive switch and BFO
switch. Cabinet size - 19%" long,
9%" high, 10 1/8" deep. For operation
from 110 volt 50-60 cycle AC. For
110 volt AC operation from 6 volt
DC use No. 301 Electronic Converter.

FEATURES
ODe stage of preselectioo.
Accurately calibrated baodspread dial
throughout the amateur baods.
Fre~uency stability throughout a wide range
of hne-voltage, humidity aDd temperature
variations.
DC operation socket - battery or vi bra pack.
A brand new, highly efficient, noise limiter
circuit.
Six point variable selectivity from sharp CW
crystal to high-fidelity.
Terminals provided for break-in relay operation. Single-signal crystal filter standard
equipment.
Meter calibrated io both S and DB units.
The SKYRIDER DEFIANT (Model SX-24)
complete with tubes aDd crystal.
50
Shipping weight 40 Ibs. (SKYFY) ..

S69

The SKYRIDER DEFIANT (Model SC-24)
- With tubes, crystal and 10" PM23
Dyoamic Speaker. Shipping weight
50
S6 lbs.••.....•••••••...•••..•...•

S81

Extra for Univ. 110-250 volts, 25-60
cycles ••• • •.•..••..••.•..••.•....... S 5.00
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The SK

The SX·23 is
outstanding example
of the ability of Hallicrafters engineers to produce a unit of superior
efficiency offering for the first time
compensated
frequency
stability,
eliminating drift. The main feature of
the new band-spread system is its reset
accuracy. There is no band-set dial to
fuss with. The same station always
comes in at the same place on the dial.
The band indicator harmonizes with
the S-DB meter, and is direct reading.
Tubes - 3-6SK7, 1-6SA7, 2-6SJ7,
1-6SQ7, 1-6B8, 1-6H6, 1-6F6G,
1-80. Controls, RF gain, pitch control, tone control, selectivity switch,
A.N.L. switch, band switch, sendreceive switch, audio gain, crystal
phasing control, main tuning control
and phone jack. Cabinet size - 19"
long, 9 1,4" high, 12%" deep. For
operation from 110 volt 50-60 cycle
AC. For 110 volt AC operation from 6
volts DC use No. 301 Electronic
Converter.

FEATU RES
8 bandswitch positions.
Bands 1-2-3-4 cover 545 kc to 44 mc
continuously.
Bands 5-6-7-8 are pre-set band spread for
the amateur 10,20,40, and 80 meter bands.
Six-step variable selectivity.
Improved noise limiter circuit.
Frequency stability, both from temperaturehumidity effects and from line voltage
variations.
"Venetian Blind" dial, band indicator and
S-DB meter.
Completely shielded crystal circuit and
phasing control - permeability tuned coil
- with separate shielded compartment for
crystal.
The SKYRIDER 23 (Model SX23) -Complete with tubes and crystal. Shipping weight 56 lbs. (SKYNU) ••
The 5 KYRI DER 23 (Model SX2 3) - Complete with tubes, crystal, 10"
PM 23 Speaker ............. .
Extra for Univ. 110-250 volts, 25-60
cycles .•..•.•.••................ $5.00

$11550

$12750
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The Hallicrafter engineers
Sky Buddy with the thought
a true amateur receiver in every
One
that could be sold at a moderate price yet
produce superior performance for this type
of receiver. The Sky Buddy covers everything on the air from 44 mc to 545 kc, including the 10, 20, 40, 80 and 160 meter
amateur bands. It now employs the same
electrical bandspread system used in the
higher priced Hallicrafter models. In no
other similar receiver but the Sky Buddy can
be found such extremely smooth and satisfactory electrical bandspread action. The
stator plates are an integral part of the main
condenser and the separate rotor sections
are driven by a gearless mechanism through
the separate bandspread knob. The Sky
Buddy is equipped with conveniently arranged controls enabling the operator to
realize the maximum in performance.
Read and check all the outstanding features
and carefully compare the Sky Buddy with
communications receivers selling at anywhere near this moderate price. When you
operate, and know tbe exceptional sensitivity and selectivity of tbis unit, you too will
agree to its superior performance and amazing ease of operation even under tbe most
trying conditions.

FEATURES
Continuous coverage, 44 mc to 545 kc.
Plus tbe 10 meter band with uniform
sensitivity over tbe entire band.
Four bands.
Electrical band spread.
Illuminated band spread scale covering
360°.
Separate band spread section condenser
witb ball bearing mounting.
Built-in 5" dynamic speaker with floating
rubber supports.
Beat frequency oscillator.
Built-in line filter.
Six tubes witb 8-tube functions.
6K8 Converter tube uses separate filter
supply for greater stability.
Band switcb.
AVC switcb.
Send-receive switcb.
Pitcb control.
Baked black crackle cabinet 17%" x
58
8 1/2" x 8%". Amateurs' net price ..• S

29

HANDBOOK

475 ]
[ CATALOG
SECTION

WORLD'S LARGEST BUILDERS

AMATEUR COMMUNICATIONS EQUIPMENT

Frequency
Amplitude
15 Tubes. 3 bands: 27 to 46 mc; 45 to
81 to 145 mc; Switch changing from
AM reception. Uses Acorn, 1852, and
Power tubes. Controls are: R.F. gain control.
Band switch. Antenna trimmer. I.F. selectivity
control and power switch. Volume, Pitch,

and Tone Control. S meter adj. A VC on-off
send-receive switch. Phone jack. 1 10
50-60 cycle AC. Cabinet 19" x 9" x 14".
Model S-27 complete with tubes
(shipping wt. 75 lbs.) ....••......

A 5-frequency phone
walta on phone (carrier
to 30 me . 14 lube!. 110
11 ~n . Shipping wt. 165 ths .

:!~~:r~ ~T.-~.~ ,~~I~.pl~~~ .~i.t~l. ~~~~s: ~.u.t_ ~~~. ~~:'~~~I~

$199 50

160-80-40 !\'I eter co il~ (for operation on co'stal (requency) each ~t.
S6.65. 20-10 !\Ieter coils (for operation on twice Cf)<stal frequency) each
~et. $8.95. 160-80-40 Meter crystals. each. $4.S'. 20 Meter crYliitala (for
10 meter operation). each, $5.75.

5-30 RADIO

$17500
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Experience a real sensation by operating the
Hallicrafters HT-6. A transmitter which
offers many advantages for the operator.
Instant band-switching is provided for
selection of anyone of three amateur bands.
The transmitter may be operated on any
band from 5 to 160 meters inclusive, providing 25 watts output, except on 5 meters
where it is slightly lower.
Coils for any three bands may be plugged in,
pre-tuned, and then switched at will by a
control on the front panel, which properly
connects all circuits from crystal to antenna.
Coils are available for any amateur band, 5
to 160 meters with crystal control; or with
ECO on the 160,80,40,20 meter bands.
A special form of oscillator keying gives a
clean chirpless signal, providing for breakin operation on CWo
Any high level high impedance mike may be
used, such as an Astatic type 0-104 or Shure
706-SA.
Excellent voice quality with 100% modulation is assured. Output circuit is adjustable
to match any load of from 10 to 600 ohms.
The entire rig including the complete audio
system and power supplies is housed in a
table model metal cabinet 20" x 9" x 15".

FEATURES
Frequency range 1.7 mc to 60 mc - Power
drain about 120 watts CW and 225 watts
phone, Tube complement: 1-6L6 Osc.dblr., 1-807 final R.F. amplifier, 1-6F5
microphone amplifier, 1-6}5 audio amplifier, 2-6L6G modulators and 2-5Z3 rectifiers. All plug-in coil units except the final
tanks include their own air tuning condensers and are individually shielded with
the tuning knobs projecting through the
shield cans. Cabinet dimensions 20" x 9" x
15". For operation on 110 volts 50-60
cycle AC.

59900

MODEL HT·e - Transmitter with tubes, less
coils and crystals. Ship wt. 67 lb•. (TRANO)
Coils for 160, 80, 40 or 20 meier operation, e.ch
set ........................................ $4.95
E.C.O. unit for 160,80,40 or 20 meter operation for
correSpOnding coils listed above. each •..... $3.85
Set of coils for 5 or 10 meter operation on twice crystal
frequency, each set ......................... $8.95
Random Frequency Crystal for 160, 80, 40 meters.
each ...................................... $4.80
Random Frequency Cryst.1 for 20, 10 and 5 meters.
e.ch ....................................... $5.76
Extra for 220 volt 50-60 cycle operation ...... $7.60
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INE
OPHONE
UNIT

A moderately priced complete ship to shore 11 tube
radio transmitter and receiver. The ideal unit for the
smaller pleasure craft who want the added safety of
Radiophone. Rust proofinc and corrosion protective
used throughout. Ricid construction - attractively
finished - compact in shape, small in size (14%" x
S5/." x 9 1/4"), light in weicht.

Specifically designed for
from 16.2 to 2150 meters (1
proved image rejection at the
achieved through the use of 1600
IF Transformer •.
The directly calibrated main tunica dial eliminate. the
use of complicated charts and table.. An efficient
mechanical bandspread with separate dial provide.
easy logging.

FEATURES
Built for 110 volt ACDC operation. Also may be
operated from 6 volt battery supply with the addition
of a Model No. 301 Electronic Converter. Dimensions
1S 'f. " x 9 1,4" x Slh" hich. The SKYRIDI!R MARINE
(Model S.22.R) - Complete with tubes and
speaker. Shippinc weicht 31 lb••• (SKYCU)

S6450

MILLEN RADIO PRODUCTS are well designed 1lODERN PARTS for ~IOO E Rl\ CIRCUITS,
attractively packaged, moderately priced, and fully guaranteed. They have been designed with a view toward easy and practical application as well as efficient performance. For instance, the terminals are located so as to provide shortest possible leads,
mounting feet are designed (or easy insertion of screws and socket contacts, so that the
solder won't run down inside them and make impossible the insertion of the tube, etc.
Thus our slogan, "Designed for Application." Our general catalog is available (or the
asking either (rom your favorite parts supply house or direct (rom the factory. Herewith
we list those parts which are most generally specified in the Handbook.
11000. 12000. 13000. 14000 SERIES COXDE:-oI'SERS
.077" 111r lap Is tor 3000 volt peak rating
MILLEX TYPE
CapacUIl

Code

- - 11035
11050
11070
13035
13050
13070
H 200
J4100
14050
14060

p~r

ddt

MIn .
4.6
6 .5
9.5
4.9
6 .3
7.3
10.7
12.9

~llax.

- --36
51
74

35
49.5

71
204
90.5
50
60

l"olla(Je

AIr Gap

-.077"
---

I

.077
.077
.07,
.077
.077
.077
. 171

. Iil
.26';

ROlIng
- - -3000
3000
3000
3000
3000
3000
3000
6000
6000
9000

,Y et
Price

- -S5.75

5.95

6 .50
3 .80
4.3.;
4.90
6 .50
10.00
6 .00
10.00

C OXVE:-ITIO:-lAL S IXGL E S ECTIOX TYPE
CapacUlI per sICtlon

Code

- - -

12935

12936
12536

1255 1

12576
12510
12515

-

JUn,

-

-

9

9
6
7
9

12
18

-

'}Iaz.

-

37

:17
43

55

76
101
151

Ji'lnl8h on

.HrGap

PltUes

- .176"
- -- - PoJl8hed
- -Plain
Plain
PlaJn
Plain
PlaJn
PlaiD

.176
.077
.077
.077
.077
.077

Nd

Prke

--S3.60
3.25
2.00
2.25
2.50
3.00
3.75

C OXVEXTIONAL D O UBLE SECT lOX TYPE
Code

I CapaCUlJ per ,fUlton
J/tn .

- - - - - - -1203 5
6
12036
6
120 50
12051
12075

12076

79

9

•Hr Gap

I

nnl8h
Plau3on

Xu

Prla

- J/ax.
- - - - - - - - - -- - - 43
S-J.6n
.077"
Polis hed
43
55
55
76
76

.07j

.077

.077
.077
.077

PlaiD
Polished
PlaiD
PolIslled
PlaIn

3 .25

.a .:!;'j

3.6n
5.50

4 .;;0

Code

10000
10001
10007
10008
10050
10060
10065
20015
20035
20050
20100
20140
20920
20935
21050
21100
21140
21935
22075
22100
22140
22915
22935
22950
23075
23100
23925

23950
24100
24935
25130
26025
26050
26075
26100
~~140

:!69:.»O
2693';
:.?7IlW
:!j025
270.:;0

27100

D ...,lpllon

Nit PrfI'.

Worm Drive UnIt
Drum Meter DlaI~-IOO
I
NIckel Silver IlllIt. DlaJ~-100
3 "NIckel SUver lost. DlaHl-IOO
DIal Lock
~~.;o.3~~~oh,;tt Shatts
Steatite Ultra MIdget I IS mmld SS
SteAtite Ultra Mldlet 35 mmld SS
SteAtIte Ultra Mldlet 50 mmld SS
SteatIte Ultra Midget 100 mmld SS
Steatite Ultra MldCet 140 mmld SS
SteAtIte Ultra Mldlet 20 mmld D S
Steatite Ultra Mldlet 35 mmld DS
Steatite Ultra MldCel 50 mmld SS
Steatite Ultra Mldlet 100 mmld SS
Steatite Ultra Mldlel 140 mmld S8
Steatite Ultra Mldlet 35 mmld D S
SteatIte M1dCet 75 mmld SS
Steatite Mldlet 100 mmld SS
Steatite Mld,et 140 mmld SS
SteatIte Mldlet I:; mmld D S
Steatite Mldlet 35 mmld D S

tr

~~m: t;~~feM3,~miff ~:Id

per sec-

1100 S8
Steatite Dual Mid let 100 mmld per sectloo S8
Steatite Dual Mld~et 25 mmld per sectloo OS
Steatite Dual MIdget 00 mmld per sect100 DS
100 mmld per section . Single s pa cel!
35 mmld per sectloo. l>oub le ' paced
93-130 AIr Padder
3 .2-25 AIr Padder
4-50 AIr Padder
4 .3-76 Air Padder
5-97 AIr Padder
8 .5-140 Air Padder
4 .5-20 Air Padder
5 .5-36 Air Padder
10 mml Sliver on Mlc.
2:') mmt Silver 00 Mica
50 mml Silver 00 Mica
JI~) mml Sliver on Mica

$3.00
1.85
.45

.90

.35

.36
.36
.60
.75
.85
1.15
1.30

.85
.90

1.10
1.30
1.50
1.20
1.11)
1.15
1.35
.85

.90

1.00
1.89
2.04
1.68
1.92
2. 10
~ . IO

1.25

.80
.90

1.00
1.10
1.25

.90
.95
.30
.30

.30
.30

31018
32100
32101
32102
32103
32150
33002
33004
33ool>
33006
33007
33008
33087
33105
338l!8
33991
34010
34100
34101
34102
34140
34150
34210
34225
34240
34285
34800
36001
36002
37001
37104
37103
37202
37211
37222
37501
38001
38500
39001
39002
39003
3900S
39006
40205
403115
4120l>
41305
43001
43011
431121
43041

.\''' ~':fC'

IJe!:cr1.pllon

Code

27150
280311
30001
30002
30003
30004
31001
31002
31003
31004
31011
31012
31013
31014
3101l>
31017

150 mOlt SHver on Mica
30 mruld Mien Padder
St.ndotl. H x I li. QuartzQ
St.ndotl. ~ • Hi. Qu.rtzQ
Standotl. ~. x 2~. QuartzQ
St.ndotl. 14 x 4 K Qu.rt.zQ
Standotl. ~ " I. lsolantlte
Standotl. li x 2li. lool.nllte
Standoff. ~-{ x 2, Isolantlte
Standoff. ~~ x 3 ~. lsolantlte

g ..~a
.15

.1;;

1

:55

.6.ll

.12

.IR

.31)
4"

:o~

8~~::

i\\~~!f~te
Cone. lli x I. Steatite

.15

.21
"1

Cone. 2 x I. Steatlt..,
Cone. 3 x lli. Steatite
Cone with base and Jack, 1,,-," high.
Steatite
Cone with base and screw top, 17.(" bl~h.
Steatite
SteaUte Dushlng lor li" hole
Steatite Bushing for }i" hole
Steatite Busblng for J~" hole
Steatite Bushing for ~:I" bole
Jsolantite Thruwbushlng , for Jl" hole
Crystal Socket
4 Pronl! Socket
5 Prong Socket
6 Prong Socket
7 Pron~. Large. Socket
8 Pronq. Octal. Socket
Dase Clamp lor 807 etc.
Acorn Socket. QuartzQ
Aluminum Sbleld lor 3300S
Socket lor 991 etc.
Shielded 10 MH receiving
Unlve.... 1 2.5 Mil
Unlve....1 2.5 MH. less St8/UloU
Commercl.1 type 2 ..~ MH
Universal aIr core TrftDSmlttluJ.{
Amateur Band Iron Core
General PurpOSe RFC 10 M H
General Purpose RFC 25 MH
General Purpose RFC 40 M H
Genera) PurpoSE' R Fe 85 M H
Interruption Frequency OScillator Coil
Cer.mlc Plate Cap. 9/16" lor 866 etc.
Ctrnmlc Plate Cal>. H" for 807 etc.

:45
.:10
.21
.30
.35

.:,W
.45
.05
.25

:~~
:~:
:5~

. !Ill

45004
45005

45500
46100
47001
47002
47003
41004
55001
58000
71083
71866
71872
79020
19040
79080
791l1O

.IR

Pol Idllet coils lor eaeh

band. Mouoted on Xo. 40205
QuartzQ form .,"," dla. x 3~"
Quartlq blank lorm ami plug
"100 watt" colla
lor each band. Mounted on
No. 40305 plul.
~~:f\!~~n~"• .w..~~k~t. low 1088 IIIlco
base Phenolic
Coli Form. I" dla. 4 P .. low 1_ mica
b..... Phenolic
CoU Form. P' diD.. 5 p., low 1088 mlcn
b_Phenolic
Col Form. Jin dla .. SteaUte
con Form. l}in dla. no P .. Quart.O
Coli Form. li" dla .. QuaruQI
Coli Furm. lin dla .• (~artzQ
Coli Form.
dla .. 3uartzQ
Coli Form.
dla.. uartaQ
Shoe\) 3 x 8 ~ x .1. QuaruQ

"n
"n

~~" ~:h 2~I~r~=~

"S66" Haah FIlter 500MA
" 872" Haah Filter
14mc Rand Wave Trap
7mc Band Wave Trap
3.5m. Band Wave Trap
I. 7mc IIRnd W. ve Trap

.36
.30

.36

1.00
1.75

.:10

.35
.40
J)()

.90
.21
,21

.35
55

Five Termln.l. Steatite
Steatite Plat .... Pr.
Dr.cket
Terminal Posta. Pr.
Low Loss ~f1ca Bakelite Safety Termln».!
loolaotlte 3/16" 0.0. Beads (Pk 01 ,';II)
100 Beads. 5/16" dl ... QuartzQ
Truly Flexible l.olaoUte
Conventional
Solid Brass X.P.
Uulver'9al Jolot , Nonwlnsuillted
Slide Action
Midget Plug
Intermediate 8ize plu~
Midget Socket
Intermediate sbe socket
QuartlQ blstJk Corm aDd phllt{

60454
60455
60456
60501
60502
60503
60504

:i~

.45

.30
.:16
. 15
.:16
.36
.24

,45

.:10

.4;;
.!lC>

I

.911

.90
.90

2.10

1.75
.21

.:If)

....ao
.45
~:;

.10
.15

.:1;;

.3;-)
.:15
.30

1.00

1.2':) I,r.
lAO c,r
.75

.i;,

. 7 .~)
.it)

4~6

Diode
IntenltUlle (1)
lnte... tllle (2)
lnterslaie (2)
Dlude
FM I nterstage
FM Dis.
I nterslaie
Diode
Diode
I ntenllaie

."-Ir Core

Air Core

2.7.;
2.7;;
2.7;,

62454
62456
63163
63456
63503

BFO
DFO

Air Core
Air Core
Air Core
Air Core
Air Cure
Iron Core
Iron Core
Iron Core
Iron Core
Air Core
Air Core
Air Core

;!,:)()

67454
67456
81503
67504

456
456
5000
5000

MIca Trimmed
Diode
Iron Core
Interstage
Iron Core
FM I nte... tage AIr Core
FM Disc
Air Core

1.50
1.5/)

6~161

6~162

.61)

.36

.91)
,75
1.20
1.50
1.50
1.50
1.50
1.911

456
456
5000
5000
0000
SOOO
1600
1600
456
456
1600
456
SOOO

..15

.30

,Vet J'rkt'

-~ .90

.4 Ir 7'r1mm,.d

.4~;

,01)

~~':."rk,!!~~,~~t ~[:~k ~:t~t'I~:1

cent.cr lInk. Xo. '2. end link.
pIUK . No.1 at end of rode mellll8

"1

Duerfplfoll

COtU

43081
43161
44000
44001
44005
44010
44020
44040
44080
44160
44500
45000

6H54
644;>6
65456
66454
66456
90600
90605
90606
90607
90608
90721

B~'O

PermcabUllu
(2)
456 mude
456 Interstage (2)
456 BFO

:.!.7.;
2,75
:I.OU

a.oll

:l.II(1

~.oo
;~.oo

3.00
:t.5O
2.50

1.2.;'

1.2{,

7'u"~d

Triple 1' unM

456 Diode
4;>6 Interslaie
Complete set, of tour. in Case
R.anl:e 2.11 to 9.7 me.
Range g.O to 28 me.
Rance 26 to 6h mc.
Rance 50 to 140
Hetrotll

1,:1.5
1.35
1.35

1.75
1.75

6.50
1.65

1.65
1.65

1.65

3.50
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CONNECTORS
Connectors for radio and electrical work. with conduit Itt1nqs and accessories. are now available in ananqemenls from
I to 4S contacts and rallnqs from 2 to 200 amperes. Deslqned
for maximum Interchanqeability. wherein 60 diHerent insulalinq
bakelite elements can be adapted to four style. of metal housInqs In both IItralqht and chauill types as weU as 90' anqle
fittinqs. Specified for Army and Navy work. but equally desirable for broadcastinq hook·ups and industrial or marine use.

AMPHENOL "912-A" and "912-B"
912·A - Transparent Polylllyrene - is the world's finest In·
aulatinq material for hiqh and ultra·hiqh frequency use. Best
for hiqh frequency circuits. providinq temperatures In excess 01
190' F. are not encountered. Available In rods and squares for
machlninq. liquid form for coil dlpplnq. or molded into finished
products .uch as octal. loktal. miniature. and crylltal·holder
sockets. coil forms. insulatorll. co-axial cable insulalinq beads.
aliqnment toola. and other accessories. Moisture abIIorption nil.
At 1.000.000 CYClell. power factor is 0.00025 and dielectric COD·
lllant 3. Tensile lIIrenqth. 5.500 - 7.000 pounds per square blcb.
912·8 Is a transparent synthetic resin product a mechanically
atronq lnaulatlnq material. Beinq a thenno-plalltic. it can be heat·
ed to 212' F w at which point It becomell 110ft and pliable and readUy formable Into any desired llhape. As it ill a qood transmitter of
liqht. bent rods are often UIIed in medical diaqnostic instruments.
whlle rlnqs around the perimeter of Instrument panels provide
diffued IIqhtinq. Available In sheels. rods. tubinq. or thin film.

CO-AXIAL CABLE and ACCESSORIES
For radio antenna and hlqh frequency leads in transmitters.
recelverll. public address systems. television. sensitive measurlnq
devices. etc. lnIIulated with pure polystyrene beads. Exception.
ally loss free. Manufactured in many sizes for both outdoor and
lDdoor use. Shleldlnq of braided flexible wire. copper tublDq. or
flexible metal coyerIDq. Connectorll. shield clamps. terminala. etew
for Installation available. Our enqineerll will help with your problema.

STEATITE PRODUCTS
Newly developed Steatite meets U. S. qovemment IIpeciflca·
tiODil. is non.hYqrollCopic. and hall a lower loss-factor than ordi·
nary Steatite. Amphenol Steatite IIOCkels are recommended for hlqh
frequency work where hlqh temperatures are encountered. In traDII'
mitterll and ampllfierll where the output is in excess of 20 watts. for
pluq·1n coiL crystal. and transformer receptacles. New desiqn qives
maximum contact iDIIulation and extremely lonq leakaqe paths.

BAKELITE PRODUCTS
Amphenol preclslon·built bakelite IIOckels. pluqs. and COnnec·
tor inserts for radio applicatioDil are the most widely known and
mOilt complete line In the Industry. A IIOCket for every tube.
Both shielded and unshielded types are manufactured in a wide
variety of mountinq asaemblles. Power pluql and sockets. microphone and other lloeclal CODDectoril. switches. and convenience
outlets are available over a wide ranqe of contact arranq3ments.

There MUST Be a Reason for
PAR-METAL PREFERENCE!
So many Amateurs who build their
own rigs use Par-Metal

CABINETS, CHASSIS
RACKS and PANELS
that there must be a reason for such outstanding
preference.
Par-Metal parts are easy to use for you can
assemble them and interchange them almost at
will. That's because they are accurately machined. They are modern in design, streamlined, chromium trimmed, equipped with
modern hardware, handsomely finished for
lasting beauty.
You may contemplate a simple rig or a complete transmitter or Sound System - whatever
the job you'll find that Par-Metal Parts will
give the finished job a professional and commercial appearance that wins admiration.

KEEP OUR
CATALOG HANDY!
If you do not have your copy of our catalog No. 40

get one from your jobber or write us today. It lists the
complete Par-Metal line of Standard and De Luxe
Models - everything that you could possibly need
for the job you intend to build!

STANDARD FREQ U
tOOKC. CRYSTAL U
TYPE SOC100

40-80-160 M ETERS
TYPE BC3 ~

10-20 METERS
TYPE HF2

STANDARD FREQ UENC
100KC. CRYSTAL UN IT
TYPE SOCIOOX
40-80 M ETER S
V ARIAB LE FR EQUENCY
TY PE VFl

TYPE SMCIOO
CALIBRATOR CRYSTAL UNIT
100KC.-1000KC.

BULEY VARI-X VARIABLE CRYSTAL OSCILLATOR
WITH VF2 CRYSTAL UNIT
Frequency selection is easy with the Vari-X and u,idc
range VF2 Variable Crystal Units . And, you can forget
worries about frequency stability (so difficult to obtain
with a self-excited oscillator) because the Vari-X is 100%
crystal controlled. Circular D2, obtainable from your
Bliley Distributor, gives complete information.

TYPE B5

TYPE HF2

Thoroughly engineered in every detail, this
compact un it represents the best in a mounted,
low -drift, high-frequency quartz crystal. Each
crystal is manufactured under rigid standards
and has a maximum temperature coefficient of
± 4 cycles,' mc. 1°C.
Price- 7.0 to 7.3mc., within
1: 5kc. of specified kc . *
$4.80
-at specified integral kc.
$5.90

Crystal control of 2Yz, 5, 10, and 20-meter
transmitters is simplified by the use of the type
HF2 High Frequency Crystal Unit. Frequency
drilt is 20 cycles!mc./°C. for the 20-meter unit
and +43 cycleslmc f C. for the 10-meter unit.
Price-14 .0 to 14.4mc., within
± 15kc. of specified kc.·
$5.75
Price-14.4 to 15.0mc., within
:i 30kc. of specified kc.·
$5.75
Price-28 .0 to 30.0mc ., ± 50kc. of
specified kc. (recommended
for 2Yz and 5 meters only). $5.75

TYPE BC3
This popular, economically priced crystal unit
is fully reliable in every respect. The accurately
cut crystal has a high activity with a frequency
drift of only 23 cycles/ mc. r C . Heat, developed
by the crystal, is dissipated by the stainlesssteel holder cover-plate thereby reducing
actual frequency drift.
Price-40 or 80-meter band,
within ± 5kc.· . . . .
$3.35
-at specified integral kc.
$4 .95
Price-160 meters, within ± 10kc. $3.35

+

T YPE SMC100
Frequency checking, calibrating receivers
and signal generators, or performing general
frequency measurements is easy with a 100kc.
-lOOOkc. frequency standard. A few stock
parts and an SMCIOO Dual-Frequency Crystal
Unit is all that's needed for construction.
Price. • • • • . . .
$7.75

TYPE CFt

TYPE VF1
Avoid QRM by frequency selection . The frequency of the VFl Variable Frequency Crystal
Unit is continuously variable up to 6kc. with
the aO-meter unit, or 12kc. with the 40·meter
unit. When multiplying, the range is proportionately increased. The specially finished
crystal has a drift of less than ± 4 cycles/mc. /OC .
and an activity only somewhat less than that of
high activity fixed-frequency crystals.
Price- 40-meter band, minhnum
frequency within ± 15kc.
of speCified .
$6.60
-within ± 5kc. . .
$8.50
Price-80-meter band, minimum
frequency within ± 5kc.
$6.60
Price-at specified integral kc.
$8.50

TYPE LD2
The outstanding crystal unit for the 80 and
160-meter bands. It incorporates a powerful,
highly active crystal with a frequency drift of
less than ± 4 cycles/mc.jOC. Correctly designed
and carefully manufactured, this tim a-proven
unit provides accurate, dependable frequency
control.
Price-within ± 5kc. of specified kc. • $4 .80
Price-at specified integral kc. . $5.90

Engineering Bulletin E-6, FREQUENCY
CONTROL WITH QUARTZ CRYSTALS, is
a handbook on crystal control. Price, lOt
(Ca nada and forei gn, 1St) . Descriptive
catol0911 01 Bliley ClYllt41 Units 41e 4V4il·
able at n o charge.

cn

The Bliley
Crystal Filter Unit,
with its high Q and freedom from _ ......~"1
spurious responses, assures maximum receiver selectivity and
minimum signal loss.
Price-456kc., 465kc. or
500kc. I-F. $5.50
Price-1600kc. I-F. $9.50

TYPE SOC100
This precision. manufactured, knife-edge
mounted, 100kc. bar is designed for use in
primary or secondary standards of frequency
where high stability and accuracy is essential.
The crystal has a maximum temperature coeffi.
cient of ± 3 cycles/mc.rC.
Price-calibrated at room temp. . $15.50
Price-at specified oven temp. . $21.00

TYPE SOC100X
A knife-edge mounted 100kc. X-cut bar for
applications not requiring the high accuracy
and stability of the SOCIOO Unit. Temperature
coefficient is (-) 10 cycles/mcf C.
Price-calibrated at room temp.
$9.50
Price-at specified oven temp. . $15.00

Q uartz crystals for fr eq ue nc y con trol
and special a pplications are manufactured
for all frequ encies from 20kc. to 30mc.
BUley Broadcast Frequency Crys tals

41e 4pploved by tbe F. C. C.
Catalog G ·12.

A ll prices s hown are net in U. S. A.
· Or cho ice from dealer's slock

Ask lot
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LEARN CODE
BY HEARING IT
the way you
will use it-

G. L. AUTOMATIC SENDERS willTeach You Code-Speed..up Your ReceivingSend Your Messages
Type S -

$17.50

Sends from 4 to 60 words per minute. Higher
speeds if desired. Slow enough for the beginner.
Fast enough to speed-up the professional or
the "Ham." Multiple brush type contactspositive at all speeds - no misses. Silent induction type motor. Motors other than standard
voltage and frequency available at slight additional cost. Only 5~" x 4~" x 6". Weighs
only 4 lbs. Aluminum case, black instrument
finished. All exposed parts cadmium plated.
Complete with 10 rolls of double-perforated
lesson tape of carefully arranged and selected
material for speediest results.

Type J -

$12.50

Double purpose instrument code
teacher and automatic sender. Sends
from 6 to 60 words per minute. Multiple
brush type contacts - positive at all
speeds. Silent induction type motor.
Motors other than standard voltage and
frequency available at slight additional
cost. Built-in tape perforator. Cut your
own code practice and reception speedup tapes. Cut your own message tapes
for calling stations or repeating messages. Repeats calls or messages indefinitely. Length of message practically
unlimited. Complete with ready cut
practice tape and 5 rolls of blank tape.

High·Speed Relay

Tape Perforator

Tape Puller

Moisture-proof. Extremely Quiet.
Pin-type base. Will follow accurately at faster than 7000 per minute. Available in 6. 25. 50. 100 and
ISO volts. D. C .
/I.formati01. and prices 0" request

For making your own practice
tapes. Uniform spacing and characters. Cut your own material for
speeding-up reception.
I nformation and prices on reqltest

For almost every purpose where
pulled tape is used. Availableinpractically allY and every speed range.
For tapes from ~"to IJ/,". Write
usaboutyour tape Dulling problems.
Information a"d prices on request

If your dealer cannot supply you, write us

GARDINER"LEVERING CO.
Box 83, Haddon Heights

New Jersey,

u. s. A.
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FIXED .,J-YA'RIADlE

·-RESI·S)TORS

.. HQ-1tO·X"

AMATEUR
RECEIVER
T

HE HAMMARLUND "HO·12D-X" ....b
the .. ost critic.I d.... nds of .....te.r .nd pro·
""on.' oper.lo... Ho ......rI.nd engln ••rs
h.y. gone beyond ordlnory proclic. In deslsn·
Ins thl. n.w .nd o.blandlns r.c.ly... Thll .Itr.·
.. od... 12-tube .uperheterodyn. coye.. •
conllnuous r.ns. of from 31 to .5-4 me. (9.7 10
555 metars) In .1. bondl. t.ldnl In .lIlmportont
....teur. communlcalion•• nd bro.dcalt ch.n·
n.". Th. "HO·12D-X" II not to be confused
wllh modifl.d broadcast sets. Two YII .. were
req.'red to deyelop It. Thl. II a .pecl.1 recelY.r
wllh .pecl.1 ports Ihroulhoat. Eyery w.y. r.ng.
II IndiYldual -Ihot II. IIch r.ns. hIS Ib 0_
IndiYldUlI coil .nd • lunlns condenser of proper
y.... for .... I.. um elflciency, thus. Indudlns
the broadc.st bond doa. not dec_ efAclency
It hlsh fr.qu.ncl ... Besides h.yins .11 the nec..•
sary feelur.. for perfect .hort w.y. reception.
luch II A. V.c.. beet oscillitor. send'NlCe/y.
.witch. phon. lick .nd r.lay termlnoll. the
"HO·12D-X" .1.0 Includ. . . new .nd out·
st.ndlng crystal Alter clrc.it which II Ylrl.ble In
6 lteps from full bend·wldth to rllor edge
selectlvlly. Thll permlb the use of the crystal

AII.r lor the rec.ption of both yolc. . .d music. It II no long.r nec ....ry to contend with
lerlou. hetarodyne int.rfer.nce. Th... ennoylng dillurbanc .. cen be phosed oat with the
phlSlnl controf on the panel. Other /eelu... Includ. drift com~nsatlon for Improyed st.bll·
Ity,. n.w end occurll. "s" metar circuit for mll.urln, Incornlng slsnol sIr.nSlh; .n......
compensllor 10 compensela for y.rlou. Intenn....nd 310 degr••• bond spr••d for eoch
.... teur bend from 80 to 10 mele... The bond spreed dl.ll. callbr.ted In "OSlCYcles for
IIch of these ...... ur bond •. The ... in tunlns dill I. calibrlted In mes.cycl•• throushout
the ..tir. r.ng. of lh. receiY.r. Rock adlpter 56.00 •• Ir•.
Prlc.. Includ. S-~ .. Ind T.bet
Cod.
HO.120·X

I

S-~.r

Typ.
Cryst.1

I

S-~er

Tunln, Rans.
31 - .5-4 .. c.

I

10" P.M. Dyn.

clblnet ( .. et.l) 12'h" • 12'1t" • 7 Inche.

Net Prlc.
5138.00
3.90

Speci.1 .. odel Anl.hed in gr.y •••••.•••.•.••••..•...•• , ••••••.••...• 51-41.00 Net
S_~ .. C.bin.t. ,r.y to ....tch. . . . . • • • • • • . . .. .. .. .. .. . . . . . . . • . • . • ..
-4.50 N.t

. SUPER.PRO"
NEW

T

Code

Ty~

$pkr.

SP·lI10·X

Crystal

10"

SP·210.SX

Cryltal

SP·lIlID-X

Crvst.I

SP·lIlID-SX

Cryst.I

PSC

10"

I
"_~"

T..,lns Rens.

N.t Prlc.

560 ...ten

U79.00

10"

7'h - 240 _I.n

279.00

U"

15 - 56O .. et..1

29-4.00

12"

7'1t - 240 ...ten

29-4.00

15 -

cabinet to ....tch rec.ly..

Speclll Model. Coy..ing Other WlY. Rans .. Ay.iI.bl. On Order

5.10

HIS n.w 18·tub. "SUPER.PRO" Includ ••
• 11 Ih. oublandlng fMlur•• which h.y.....d.
the "Super.Pro" f...ous, and In .ddition ...ny
recent d.y.lop...nb h.y. been added. Th. n.w
"Super·Pro" h.. • y.ri.bl. selectiyity crystal
Alter. Thi. cry.tol Alt.. h•• Av. position. of selec.
tiyity - 3 for phone Ind 2 for CWo Th. y.rllbl.
cryst.1 Aller. in addition to the y.rl.bI. bond
width I.F•• proyld.. I .electiylty rlns. of fro ..
I... thon 100 cycl.. to .ppro.l.... tely 16 kc.
Th. new "Super.Pro" .1.0 hIS .n I"proyed
noi .. Ii,,'t.. desiened to .. Inl .. ,.. Interferenc.
clused by automobll. Ignition .y.......nd disturbane.. of .1 .. II.r n.ture. M..illSum 1.. lse
suppr_lon I. obtained with two stog.. of high
..lectiylty tun.d R.F•• h..d of the fI..t deloctor.
Thr.. ,tose, of I.F.... employ.d .nd there ••
thr.. stes.. of hlsh Adellty .udlo ... pllllcatIOll
r..uhln. In .n output of .ppro.I.....ly 1-4 w.....
A n.w Ind I.. proyed "S" .. eIer has been In.
stollad In the "Super-PIo" for .ccur.t.ly r.porting ....tly••'sn.1 strength. Other f..t.... In.
dud. full bond-spreed on .11 bonds, bIIt
oscil..tor/ .end.recely•• witch, rel.y connec.
tions, phon. connection'l conn.ctions for
phono-pic~up, bIIutif.lly ftnllhad .. od..nistic
c.blnet. Th.....itiyity of Ih. "SUpel'PrO" I.
beller then 1 IISicloYoll. Ay.iI.bl. In r."
mo..,tlng type .t 510.50 ••trl.
Write (or Oreul.r!

HAMMARLUND MANUFACTURING CO ., INC., 41......3. We.t 33rci Street, New York Cit,

"MTC" TRANSMlmNG CONDENSERS
An ...lIrely n.w moder. .ly
priced. hH.Y duty Ir.....
.. Iltln. con...... fHlur.
Inl hH.y "u..lnulII ...d
1)1.1.. IsoIenIIII IMuWlon.
non.lndtoetlYil te!.f..cIHnln.
.llv.. pIeted OIfYIllulII con·
Iects
full 1IoMI... rotor
beerln •• non_.ne.tIc rotor
_bly. poIlsIIec:I heevy
.Iu.ln.. plates occ..... y
'Plced. An • ••c.pt type "L." ha. . .ound ed,. pi.... of .040"
Ihlc...... Type " L" has .Ot5" plates with plain eda... Type "F"
has .!30" 7500 V. • ir !l'lil. Type "G:' .100". 6750 V. Type "H "
•171" 6600 V. Type "j:' .100"••150 V. Type "K." .01.".
3750 V. Type "L:' .070". !OOO V .• 1. '.11.
A •• llobi. In • wid. v•• I.ty 01 ClIIKIII. . .nd worleln, .oIta....
th... condensen ••• Ideal fo... od... uP-.....,. . 1r••• "'I..... with
1I0W.. outiluis ••• ,in, from 200 w.... 10 1 "w.

TO~O-I<

TC.165·1<
TC.!tO-K
TC.330-1<
TC.I40·j
TC·15·H
TC-50-H
TC-l10-H
TC.40-G
TC-65·G
TC.l00-G
TC.15O-G
TC.55..f

Overall
Length
. " ................... $
51~ ...................
2 ......•.•••.... ••••
. ' •.... .•.••..•.. .•••

Capacity

Typ.

TC.!tO-L
TC·.40-L

!to mmf.
465 mmf.
95 mmf.
167 mmf.
222 mmf.
335 .. mf.
150 .. mf.
23.5 .. mf.
53 mmf.
115 .... f.
46mmf.
75 ",ml.
110 m.. f.
165 "'mf.
6Ommf.

.'8..
.................
6'/g ........ .... .. .. ...

61/" ........ .. .........

2~...... .••..........
. " ...................
6'/g. ... . . .......... . ..
. " ...................

1

1

III.

pl....

Cod•
MTC.IO-B
MTC.35-B
MTC·5O-B
MTC.l00-B
MTC.l5O-B
MTC·5O-C
MTC·l00-c
MTC.15o.c
MTC·25o.c
MTC·35o.c

C'Plcity
LIII
22 "'.1 ......................... .. S3.15
33 ..",f ...................... .. .... 3.50
50 .."'f ........................ . ... 3.90
100 ..",f .. . ................. . ... . ... 5.00
150 .. mf ............................ 6.10
46 .... f ............................ !.80
105 .. mf ....................... .. ... 3.05
150 .. mf. • • • • .. • • • .. .. . • • • . • • • . .. • •• 3.10
!55 .. mf ............................ 3.60
36O .. mf .............................00

"MTCD" SPLIT.
STATOR TYPES

s.m.

outsllndln. f......
II MTC .In!'" ••c . the!
stetor section •••• _ .....
Mod.1 l00-B wllh .070"
pi.. _In!. only 5~"
b.hlnd PI~.I. "B" .odeII
- roanded Dietel "C" ..od.
ell - plein 1I1a1. ed....

'.80
................... 11.20
.. .. .. ........ .... . 1•. 80

~
Sr. .. ........ .........
1

Llsl
•• 50
7.7&
..50
6.50
8.00
10.00
10.20
3.50
6.00
9.00
7.00

Be..

ComllKl IYJMI. bolontlll
In ....llon.
o. Pln.1
..ountln,. PolI.hed .Iuml·
num ploll.. SIIlnl... ....1
.hall SI •• of 150 mmf. with
.070" 111.1. '1IKIn, only
4'1," b.hlnd PInel. All
.....;::;::,... type "B" condom... ha ••
roand ed.. III .....025" In
Ihlc....... Type "C" hal
.Ot5"
pliin ed..
Ihlck. Self.. lllnln, wllllnl
conllcl.

. . . . . . . . . . .. . . . . . . .

'.00

"TCD" SPLIT STATOR TYPES
TlI_ sp/It-sWor tr._

xc.

ml...., conclensen •••
Idenllc.1 10 lhe .In,l..
.hown .bo••••
lhal
lhe .Wor lKtIon. • ..
k~" .
IndlvldUlI. Ideol for 1IUIh~~
",,11110- .mpllll..... n,·
In, In IIOW.. UII 10 1 Itw.
Th.y ••• of conv.. I..1
Ind I... d Ihllllselv.. 10 conslrucllon of
comlllCl.IIIII'.tus. Ov...11 dl ....slon. In bec .. of Pinel ... ,Iv... In
Ih ••ccomPlnyin, lobi•. Th. c.lIKlty v.l_ IIsIecI are for IKh _ .
lion. The lui 1.1t•• in Ih. cod. r.II..... ts pi. . '1IKIn, .nd vofllt.
.tlin,. Th_ I •• ldenticilio lhose ,Iv....bov•• Type "M" - pI.ln
IIlale••. 030"
'.11.
Overall
Type
CapacilY
Length
Lisl
mmf.
TCI>-500-M
. " . . . . ... .... ........ $ 6.50
9O
....
f.
TCD.80-L
.~ .. ........ ...... ...
5.50
115 .... f.
51 . . . . . ..... . ....... . '.15
TCD.!IO-L
TCD.9O-I(
95 mlllf.
• ~ .. .. ...... .. .... ... 1.50
161 mmf.
6' .. .. ...... .. .... ... 11.00
TCD.165·K
335 .. ml.
11 .. .. .......... .. ... 20.50
TCD.U5·1<
TCD.I40·j
150mml.
11" .. ........ ...... ... 19.00
53 .... f.
TCD.50-H
6"' .. ........ .. .. .... . 9.80
115 .... f.
11" .. .............. ... 16.00
TCI>-110-H
46
.. mf.
7'/g .. .. .. .... .. .... .. 10.50
TCD-4O-G
11~ ....... . ..... . .... 14.50
85 .... f.
TCD·75-G
6OlIImf.
11"
... . ..... ....... .. . 13.50
TCD·55..f

Cod.
MTCD-IO-B
MTCD-35·B
MTCD-5O-B
MTCD-l00-B
MTCD-5O-C
MTCD-l00-c
MTCD-15o.c
MTCD·!5o.c

C.plcity
Lill
!I ...f. per sect ............... . .... $5.15
33 ....f. per .toet .. . .. . . .. ........ . .. 5.75
50 .mf. per sect ... ... . .. ........... 6 .50
100 ....f. per sect . ...... .. ........ .. . 8.75
46 ...f. per secl . .... . ................ 50
105 ....f. per sect .. .. . .. .... ...... .. . 5.00
150 .. mf. per sect . • • • • . • . • .. .. .. . .... 5.15
!55 .. mf. per sect . . .. . .. . ..... ..... .. 6.00

.Iz.

.1.

.90

"N" NEUTRALIZING CONDENSERS
I",pro.ed n• .tr.. I..... con ....... with
heavy
1I0lithed ..... Inum
pities.

~oun!:W~"~IIII~~..II!t. FIA~~
.:ilu.I...nl. TYII. "N·l0". 1'1," hl,h •
1·3 / 16" d •• II. "N·15" 4-15 / 16" hl,h
• 3V,," dllil. "N·IO". 5·11 / 16" hl,h.
• "dllil.
Cod.

Usl

N.l0-(!.1-10.ml.~ ....... S3.00

N·15 - (3.! - 14 ...1. ...... . 6.00
N·20 - (3.8 - 1 .....f. ...•.•• 6.50

A NEW LINE OF TRANSMITnNG
AND
RECEIVING
CONDENSERS
The n.w HFA .nd HFB ...
colvin. ..d tr_I......
condeMlfl ... the I..... III
conden... dlli!n. The HFB
IrIMml"'n! conden... for
..... pI.~ h•• fully Insuilled
.otor Ina control .halt per.
IIIlttln, hl,her ~n, .01&• for. ,i... III. . 'IIKI•••
Thl. new d..l!n ....... I"
IIIOf. c_1IICI .nd elklen1
c~ construction

ucI

th. In....1ed control .haIt
.edue.. th. dan ... of eIec.
trlc.hocktolh.oper.tor. The
HFB' .... made In both dUll
..d .in," sIaIor types .nd
In ellimpor\eni CllllCltI...
Th. HF A ...elvIn, con·
den... I•••turdler .. Ids"
condenser I.!ended for _
In portabl. .nd ..llIIon
.quillmeni whe.. condltlorl•
of opertllon. dem.ad •
........ nd more .oIld cond.M... Th .... 100.....vln.bl. In • wid.

nrlltV 011111 with both lin." Ind dUll 1111011. AlllyPlS. both Hf A

..d HFB ... of 100"," .oIcIet.d construction with

cod ..I... llialed. hol.nllli .nd plol...

br... II......

S.nd lor Lall1l Clll/ogl

HAMMARLUND MANUFACTURING CO ., INC., 414-43. West nrd Street, New Yorlc City

R.F. "eam-power tetrodes
R.F. po_ ... plI8I1f, b....,

".q.....

cy .. ultlpller, osclll.tor.

Cin. AM lIoc1ulllor 01 exceptionally high power sensitivity.
Fully .hl.lded lor R.F. - no n.utr.lIlIn, r.qulr.d.

HY615

$t.OO net

He.ter .. ..• .... . 6 .3 volt.@ 0.15 .mpere
PI.te .. . ..... 300 m••. volt. It 20 m••. m•.
PI.te dissip.tlon . .. . ..... ... 3.5 m••. w.tt.
R.F. power output @ 240 mc.
4.0 dpprO)(. Wdtts

HY114

$t.OO net

Low·dr.ln RI......t-type triode lor portebl.
.nd .. obll. lIS. . pOWllfed Iro .. betterl...
m.ment ... . ..... 1.4 volts @ 0 .12 .mpere
PI.te ........ 180 m••. volt. It 15 m••. mo.
Medlum·pOW., trlod. with cylind,lal ... phlt.
lIIod., heilcil AI... ent, • ..tlcol.bor IInlll.....Id.
Plo.la.. unu_fly.hIS" pOw., oulput with .. Inl.
..... Inp.t.

HY75

$3.75 net

FII .... nt. ..... . ...... 6.3 volt. @ 2.5 .mpere.
PI.le ....... .• .. 450 m••. volt•• 100 m... m•.
PI.t. dissip.tion ................ 15 m••. w.lI.
Output
Modul.ted Unmedul.t.d
224 Mc ..... . .... 14 .... . ... 17 . . ... . .. w.tt.
112 Me ..... . .. . . 19 ........ 24 ........ w.tt.
56 Me .. .. .... . .24 .. . ..... 33 ..... .. . w.tt.

HY61/807

$3.50 net

He.ter .... .... . ...... 6 .3 volt. @ 0.9 .mp.r.
PI.le ....... .. .. 600 m•• . volts. 100 m••. m• .
Pldte dissipdtion . . . . . . .... . . . . .. 2S

mdX. Weltts

R.F. power output. . ........ 37.5 .ppro • . w.lI.

HY60

$t.50 net

Low·pow...."Ion 01 HY61 with ,educ.d pOw.,
dr.ln - Id..llo, ..obll••11'.
Haoter . .... . .. .. ..... 6 .3 volts @0.5 .mpere
PI.te . .... .. . .... 425 mo • . volt. It 60 m••. m• .

Instant-heating tetrode
Instonton.oUl.heotln, .I...... t type R.f •• nd ludlo
loIrod. lor ..obll•• nd portobl. ..IItten - no
bottery d,.ln durin, sllnd-by. Shielded lor R.f.
Full pI.t. InpUt 10' phOfl••nd doubler ope,.tlon.
Afso _ole••'Aci...dy on AC.

HY69

$3.50 net

FiI.ment. . ...... ... .. 6 .3 volts @ 1.5 .mperes
PI.te . . ........ . 600 m••. volts It 100 m••. m• .
PI.te dissipotion .......... . .... .40 m•• . w.tts
Nomin.1 CI.ss C output ....... 42 .ppro • . w.lI.

Graphite-anode triodes

Mercury-vapor rectifiers

HI,h.. IRcl... cy SPEER ".phlt_ode triodes 10' R.F. CI... B
• nd C ...plIAIIf, bulhr, doubl., oscln.tor. A... B .. odulotor.

H.ll-w......cary·••per _tl8.. with Int .....1 .hleld to "'••
.... t be.. bord..... t of .I.... nb•

HY51A-HY51B $4.50 net
HY51A RI.ment ....... 7.5 volt. @ 3.5 .mpere.
HY51 B RI.ment. . ..... 10 volts @ 2.25 .mpere.
PI.te . . ........ 1000 m••. volts It 175 m...... .
PI.te dissipotion .. . ..... .. . . .. .. 65 m••. w.tts
CI.ss C output .1 75% efRciency .. . .. 131 w.tts

HY51Z

$4.50 net

Z.ro-bl...... Ion 01 HY51 A 10' .11 .ppllcotlon,
Fil.ment. .. . .. .... . .. 7.5 volt. @ 3.5 .mpere.
CI ... C output @ 75% efRciency .. ... 131 w.tt.

HY40

$3.50 net

FII.ment. ........... 7.5 volts @ 2 .2!> .mpere.
PI.te .......... 1000 m••. volt. It 115 m••. m• .
PI.te disslpotion ................ 40 m••. w.tts
CI... C output.t 75% .IRclency ... . .. 86 w.tt.

HY40Z

$3.50 net

Zero·bI.. hl,h·.. u trlod. .1..11., to HY040 In
,atlns. - perllcul..ly dotl,"bS. •• ..odulator.
Fil ... ent .. . ......... . 7.5 volts @ 2.5 .mpere.
CI ... C output @ 75% .lAclency.. . .. . 86 w.tts

HY30Z

$t.50 net

A ,..1 1I5-w.1t tr......lltln. tube with 0 ......11.
",.phlto-onod. .nd .... Insulators - dellnltely
not .n O.IttfOWII ,ee.I.ln. tube.
m.m.nt . . . . . ....•• .... 6 .3 volts @ 2.25 amps.
PI.te . ...... .. . .. 850 mo.. volts It 90 ..... m• .
PI.te dissipotion .. 30 m••. w.tts
CI'ss C output.t 75% efRclency
58 w.tts

866

$1.50 net

Fil.ment. .. .... . . . .... . 2.5 volts @ 5 .mperes
AC pl.te vol"'ge . .... . . . . . .. . 2650 ..... volts
Two Hytron 866'. will deliver up to 2385 volts
De .1 currents up to 500 milli.mperes.
Junior
lor U.ht-duty .ppUc.tlon. with
plole cOfln.ctlOfl to top C.P.

,octi",

866 Jr.

$1.05 net

He.ter .. .. .. ... . .. . . 2.5 volt.@ 3.0 .mpere.
AC pl.le vol"'ge ... ...... , . . . 1250 m••. volts
De pl.te current. .. . 250 m••. m•. for two tubes

Twin triode
In.lut·heatln, thorl.ted·tun ....n IlIfo·bl•• twin·
trlod. lor 1M . . . .odulolo, In .. obil. b.ns .. llten
- dlll,ned ••• co.. peniOfl 10 tho HY69.

HY31Z

$3.50 net

FII.ment. ............ 6 .3 volts @ 2.5 .mperes
PI.te ............ 500 ..... volts It 150 m••. m•.
PI.te dissipotion .. . . . ........... 30 m•• . w.tts
Audio power output. ............ . .. 50 w.tts
Above rotings ore for both seclions of tube .

Ceramic-base Bantams and 6L6GX
6A8GTX converter .. . ... . . . . ... .. . S .95 n.t
6J5GTX mad. mu triode ... ........ S .95 net
6J7GTX d . pantede .... . ........ S .95 n.t
6IC7GTX r.f. pentede .. ...... . ... . . S .95 net
6KBGTX converter ................ S1.30 net
6SA 7GTX conv.rter .. ..... ....... 51 .05 net
6SJ7GTX d. pentede . . .... .. . .... $1.05 net
6SK7GTX ... .. . 51.05 net
6L6GX . . .. . . .. 51.115 net
Speci.lly.selected tubes
wilh low.loss cer.mic bose
for use In high.freQuency
circuits. Interchdngedble

wllh met. I .nd G types.
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THE RECEIVER BUY
OF THE SEASON I

COMMUNICATION
RECEIVER

Double-Purpose
Value
During 0/£ periods of "QSO·
in.... when you are busy experimenting or just relaxing,
you will want some good eoter·
tainment programs. To meet
this extra requirement, we offer

a new Extended Range loud.
speaker MI·8314·A for the
AR·77. A combination hard to
beat for faithful reproduction
of all modulated signals. Di·
mensions of the MI·8314·A
Speaker are : 28" high. 18~"
wide. 13" deep'.
Amtlllllrs' Ntl Priel lor both
AR.n Rlu;,'" and MI·8JI4·A
Splaier S H4. SO

"STAY.PUT" TUNING

UNifORM SENSITIVITY

Tests under average conditions
show maximum drift at 30 Mc (0
be only 3.0 Kc on one hour run,
thereby keeping signal audible.

Each r·f circuit has dual alignment
wilh air·dieleclric lrimmers for
hi~h.frequency end and induclance
adJuslmenl of coils for low end.

ADJUSTAlLE NOISE LIMITER

IANDSPRIAD TUNING

Can easily be regulated to meet
local conditions. Easily understood signals obtained through
noise peaks hundreds of limes
higher Ihan signal level.

Calibraled bandspread for 10,
20, 40, and SO. meter bands eXlends
10 nearly full rOlalion of dial for
"splil.kilocycle" readings. Carrier
lellel meier serves for hOlh peak tuning and 10 measure signal slrenglh
in popular "5" scale.

"IREAK·IN" OPERATION

Used on a separate antenna, reo
ceiver recovers instantly when
lransmiuer key is up. Ideal for
"(Callic hounds"lo move a hook full
of messages promptly. (Ruli,,;,,&
antl""a.sho,,/J rl_at, in hi«~r I"q.,,,ry
band than transmit"r 1"'I'u,,ry 10 /I"fIt""
uussi,,, flO/ill" /liclt.llp/rom Irammiller.)

HIGHEST SIGNAL·TO·NOISE RATIO

A 2·(0·1 ratio of signal.to·noise
is oblained al an average sensitivilY
of 2 microvol!s Ihroughoul range.

Give it a Whirl I

6·STEP SELECTIVITY

W ide choice of seleccivity assures
operalor cOnlrol of signal inter·
ference.
IMPROVID IMAGE RElECTION

Image ralio of approximalely
40·1 al 30 Mc is oblainable.
NEGATIVE FEED lACK

Smoolhs oul and eXlends Ihe
audio response curve.
, - - - -....

Other AR· 77 features include Uniview
dials; accurate sigoal reset; standby switch with relay terminals;
temperature and voltage compensated oscillator; hilh·gain pre·
selector stage and a popular tuning range of 540 to 31,000 Kc.
W rite for Bulletin. Ama".,,' N" Pric, $1 J9.S0. MI.RJOJ T able S/lealter
in malCh,d cabi",t $8.00 ,,,,ra. All prius I. 6. b.lactory.

RCA Tubes have always been noted for their big,
extra measure of dependability. For years, however,
amateurs have told us that RCA Ratings based on the
most exacting commercial use were too conservative
(or intermittent amateur use. So now, two sets o( ratings are given (or popular amateur tube types-the
old CCS (Continuous Commercial Service) and the
new ICAS (Intermittent Commercial and Amateur
Service) Ratings. You take your choice, based on your
own individual requirements. You eliminate guesswork, and, as an amateur, you get
higher power output at lower cost
plus long tube life, plus the utmost
in economy o( weight and space.

PRACTICAL HELP • • • FREE I

TELEVISION TUIES
Ho.
3AP"/906P"
5AP"/ 1805P"
5BP"/ 180IP"
1147

Amale",
Oesc,lpllon
Hel Price
3' Kinescope
S13.75
5" Kinescope (Short Bulb)
ilI.OO
5' Kinescope
ilI.OO
Ama'eur Iconoscope
14.50

CATHODE.RAY TUIES
Ho.
3AP1 /906P1
901
913

Scre.n
3' Green Phospho<
t' Green PholPhor
l' Green PholPhor

Amal.",
H.I Prlc.
S13.50
7.50
".00

UHF ACORN TUIES
Ho.
95"
955
956
957
958
959

O.lcrlpfion
Pen,ode AmpUler, Del~o<
Triode Detector, Oscillalor
Pen'ode, Super.Conhol Amp.
Triode, 1.t5-v., 0.05-0. filamenl
Trlode/l.t5-v., 0.1-0. Alamen'
Pen'ocse, 1.t5.v., 0.05-0. RlameR'

Amal.",

Hel Price

S5.00
3.00
5.00
3.00
3.00
5.00

Do YOII gel YOllr free copy 0/ RCA Ham Tips, Ihe
help/Ill lillie pllblicati()tz/or amalellrs, byamatellrs?
lj not, see YOllr RCA Transmitting Tllbe Distriblltor.

TO VIO(O
.Jot"'--',.IC"

SIGHAL. - tL[CTAOOC
T[RMIN....

l 'StG"''''~['''[CfllK)O(

L - - - -- - - - - - - - - - - - - t
-

....... "SISTOR

INDIC.TtS PATH Of'

ytO(O - SIGNAL CUftA[NT

New fields to conquer- interesting new experiments to be tried - new thrills of achievement!
That is the story of Amateur Television, the most
fascinating development in amateur radio today!
An experimental amateur outfit produced under
supervision of the same RCA engineers who have
led the way in Television proves the practicability of good quality Amateur Television communication with simplified, economical apparatus
that many a ham can build for himself. Even skeptics are frankly amazed at the faithful reproduction and stability of the pictures and with the
simplicity of the complete equipment.
Based on a series of articles published in QST, this
equipment utilizing the RCA 1847 "Mini-Ike" leonoscope is described in detail in a booklet-free on request
-or which may be obtained from your RCA Amateur
Equipment Distributor. It teUs you what to build and
bow to build it. And you'U be surprised to learn how
much of your present equipment can be used-how little
there is to buy.

AMATEUR ICONOSCOPE
"Mini-Ike" is the little brother of the
big studio-type Iconoscopes. It is capable of producing clear pictures suitable for transmission in the 2lh- or ItAmeter bands, operates at relatively low
voltage, employs inexpensive deflection
circuits, and can utilize low-cost, shortfocal-length lenses_ Amateur net $24.50

RCA

Ham
Guide

Tile
. JJ~"'et

no Amateur
-Yt4II ant to
5

JuS! the booklet you've been waiting for! New circuits. Dew outfits, new dia~rams for bellinners as well
as advanced amateurs. PLUS easy·to·use InformatioD OD
the complete line·up of RCA Transmillin~ Tubes for
amateur needs . .(8 pages.
Amaltllr"et 1Ic

K

OOK

[~~~hwitltOHMITE
PARASITIC SUPPRESSOR
Ohmite P-300 Parasitic Suppressor--convenient. compact. efficient . . . designed to
prevent ultra:~igb-f~e
,
quency paraSll1C oscIllations which occur in
the plate and grid leads
of push-pull and parallel tube circuits . Noninductive, "itreous-enameled resistor combined
with I choke into one small integral unit. Only
1%" long overall and 'Ys" diameter.

W

list Price . .. ..... .... ..... . .... $1.50

CENTER-TAPPED
RESISTORS
Especially designed for use

1-

~~os:l~~~~;~a~~~~~~o r~~v:~:

grid and plate returns_ Center
tap accurate to plus or minus
1%. A"ailable in Wirewall
(! wan) and Brown De,iI
( 10 wall) un ilS, in resistances
from 10 to 200 ohms.

POPULAR BROWN DEVILS
There's good reason for the world-wide popularityofOhmite"Brown De.n"Re.istors. They're
tough, extra-sturdy units - built right, sealed
tight and permanently prOlected by Ohmite
Vitreous Enamel. 10 and 20 wall sizes, in resistances from 1 to 100,000 ohms.

R. F. PLATE CHOKES

R. F. POWER LINE CHOKES

High frequency solenoid cbokes designed to 1void either fundamental or harmonic resonance
in the amateur bands. Single·layer wound on
low power flctor steatite cores with nonmagnetic mounting brackets. Moistureproof. Built to carry A THOUSAND
MA. 4 stock sizes for 5 to 160 meter
bands.

Just the thing to keep R. F. currents from going
out over the power line. lessen interference with
BCl receivers. Also to Prevent high frequency
and R. F. interference from coming in to the receiver. 3 stock sizes, rated at 5,10, and 20 amperes. ConsislS of two chokes wound on a single
core. Details in Bulletin 105.

SEND FOR YOUR fREECGPY Of NEW CATALOG 18
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RHEOSTATS * RESISTORS * SWITCHES * CHOKES
... Obmil. V ilr",.s EfI"",el is . .~"celuJ liS" Prelec/i". iItItIlHmJiII" Ctlurillll f. r /lOWer rheosIiIls tJflJ resisttJn.

Vitreous. Enameled

RHEOSTATS

These nelhe rhenslau used by amateurs and broadcasl
Sialion s alike 10
keep power lube
filamenlS al raled
,a1ue aU Ihe timeincrease tube life
-get peak efficiency. Time- proved
Ohmice all -I'orcelain vitreous-enam.
eled construction
and metal-graphile
contact assure per..
manendy smoolh. safe. exact conlrol. Available
in 25.50.75. 100.150.225.300.500. and 1.000
wall sizes. for all lubes and lranSmillers. (Under
wrilers' Laboralories Listed).

OHMITE BAND-SWITCH
A flick-of-the-wrist on
the knob oC this popular
Ohmite Band-ChanseSwilch sives you inslant.
easy chanse from one
frequency to anolher.
with reaUy low-loss efficiency. Band cbansing
may be provided in all
slases of tbe transmiller.
and "ganged" for complete front-of-panel coetrol. Can be used in rigs
up to I K.W. ratiol(.

Asi YOMr Jobber for the Ohmile parIS
YOM need, or Write today/or Catalog 18.

FIXED RESISTORS
These are Ihe same dependable Ohmite vitreousenameled resislors Ihal are almost universally
used by eminent designers and manufacturers oC
amaleur and commercial transmillers and receivers. A"ailable in 25.50. 100. 160. and 200
wall stock sizes. in resislances from 5 to 250.000
ohms.

ADJUSTABLE DIVIDOHMS
Mighly handy resistors to have around when you
need a change of reSlSlor value or a replacement
in a hurry. You can quickh adiuSltheDividohms
to th e exact resislance yOU want and put on one
or more laps wherever needed. Palented percentase of resislance scale. 7 ratinss from 10 to
200 wallS. Resistances up to 100.000 ohms.

OHMITE

OHMITE MANUFACTURING CO.
4840 FLOURNOY STREET
CHICAGO, U.S.A.' '{«I{""()/wu'I.e«J'·

deal Source of Plate Voltage
Where Commercial Electric

Power is not Available

Vil?!._~p~.~ks
Radio operators, engineers and public address
men everywhere have discovered that the
most satisfactory and economical answer to
dependable plate voltage from a storage battery source is a Mallory Vibrapack. This perfected Vibrator type power supply is easy to
lise ... efficient and gives long service.

THE COMPLETE VIBRAPACK LINE
Nominal
Cat.loa
Number

Operaling

l\IaxiNominal Output
Voltaic

mum

Type

Price

Self.Rectifying
Self-Rectifying
Tube-Rectifier
Tube-Rectifier
Tube-Rectifier
Tube·Rectifier
Self-Rectifying
Tube-Rectifier

SI5.00
18.50
16.50
20.00
37.50
37.50
20.00
20.00

Output
Current

Vollaae

VP·551
6.3
6.3
VP·552
VP.553
6.3
6.3
VP-554
6.3
VP·555*
6.3
VP·557*
VP.G556 12.6
VP·F558 32.
peel.

Send for Technical Data
An 8.pale booklet conlOlining complete de·
acription. of all Alallory Vibrapacks wilh
application Imggestion14. technical data and
inBuuctiona, i. available upon requC1:tt.

A,1e Jor Vibrapack Bookk. - Form E-555-C

ua

125·150-175·200 100 rna.
225·250·275·300 100 mao
125-150-175-200 100 mao
225-250·275·300 100 ma.
300
200 rna.
150 ma.
400
225-250-275-300 100 rna.
225·250·275·300 100 rna.

Be 8 or i, output.

Mallory Vibrapacks are available in both self-rectifyin a and tube.
rectifying types. The complete line includes sin~le and duaYVibrapacks
for outputs up to 60 walls. Type VP·G556 is deSIgned for operation with
the 12 volt batteries commonly used in airplane, blls and boat service.
Free engineering service in adapting the Vibrapack to your require.
ments is available on request.

Mi'i'roiY Transmitting Capacitors
or

ft ,ood bit to be confident ollhe reliability
your Iransmiucrto know that wben you cloee tbe Ubi", flwitch. n your ri, ;" reudy to deliver a
T9X si,nal. h·& false economy to use ubar,ain n filter cnndensers since lll~ir
failure can result in damage 10 expen8ive tranamitler componenls. For eel'·
tain condenaer aati8faction be 8ure to use :M allory Tran8millin, Condenserll.
l\.Iallory type TZ Transmitting Condenser. are compact economy unils for
thOM! who must walch their COltS. Thel\e round aluminum container unit8
have all the essentials, and are built with true MallOl"Y quality. Available
in lIizea to 1500 workin, volta DC.
If you prefer aquare containen then M3110ry TX U'ana ..
millin, condenaera will fill your requirements. Available
in 21 stock. SiKaI, with workio. voltage8 from 600 volta to
6000 volts. lbette condensel'8 have every needed featureand a safely factor' that insures lon, life even under
adverse condition •. Con8lructed wilh an exclmaive dielec.
tric that ,ive8 longer IiIe and greater dependability •. .
Af.nory Transmiuin. Capacitor. are a real safeguard for
expenjjive ri,.8. This MallOl"Y developed dielectric provitle14
high dielectric con,,'ant, bi,h voltage breakdown and
hi.,b •• table ill8ulation reai.lance, wilh low IJOwer factor
under all open tin. conaitiona.

11'8 worth

~~Hamswitch"

Multiple Push Button

Designed for economy and convenience, thisMa Hory -Y axley Hamswi tch
No_ 151L permits the use of a single
meter to measure currents or voltages
on up to and including five circuits in
an amateur transmitter. An adjustable
stop permits easy adaptation for fewer
positions.

Mallory-Yaxley Type 2190 switches
make it possible to measure a number
of circuits with a single current reading meter. The insertion of the meter
in the circllit is accomplished merely
by pushing a button. Other circuits
connected to the switch remain closed
and uninterrupted.

Mallory-Yaxley HamBand Switches
make transmitter wave band switching as convenient as changing bands
on your communica tions receiver. Convenient terminal arrangement, wide
spacing of current carrying parts,
heavily silverplated contacts and lowloss magnesium silica te ceramic insulation are features especially designed
for high-frequency applications. Your
distrihutor has data sheets.

I

I

L__ _

SINGLE PUSH BUTTON

SINGLE GANG
CIRCUIT SELECTOR
Positive action and long life are two
outstanding characteristics of this
switch .•. just olle of many types
available.

Yaxley Two-way phone plug No. 75N,
with shielded nickel shell. Other types
-three-way, tie cord, etc.-in both
bakelite and nickel shells.
Yaxley Junior Jack No. 704-springs
are I?arallel to panel for compactness
-thirteen combinations available.

Yaxley Push Button switches are ideal
for meter shunt service, as well as for
set analyzers, tube checkers and other
tes t equipment. A vailahle in both locking and non-locking types with a variety
of spring contact arrangements.

A void run down ba tteries, or increased
power bills by using Mallory-Y axley
Pilot Lie:hts and Jewels as indicators.
They will keep you "informed" at all
times, and enhance the appearance of
your rig. These real money savers are
availahle in red, green and white.

SEND FOR COMPLETE CATALOG

MULTI.GANG
CIRCUIT SELECTOR
Here's the ideal answer to simplified
control of complicated circuits. Positive action and long life are assured
by rigid construction.

This three circuit microphone jack No.
2B is typical of the famous MalloryYaxley Line. A variety of spring combinations is available for practically
any applica tion and special models can
be furnished on order.

•

•

•

You should be familiar ,..ith all the product.
manufactured hy Mallory.Yaxley. They include
condenser.... phone - plug", tip jacke and plu ...
jncks and jack switches. resietOlft, dial li,ble ••
well 8S many other items. Send for a complete
cateloltoday.

ANTENNAS AND ACCESSORIES
TUBULAR ANTENNAS AND ELEMENTS
Premu Monel Antennaa are deai",ed for marine and other commerdal uael where hi&h Itrenlth. unulual reaiatance to corrOlion and
ability to withltand thc mOlt ICVCle wind and ,hock atraina are ellen.
tial. They are built up of multiple lectiona of hard-drawn Monel tubinll,
fully teleacopinll and adjuatable. Firm, rili<! contact il lecured between
aectionl by precisely desillned clutch.type ciampa.
Premaz Aluminum Antenna. combine Iiaht weilht, carrceion re.
liatance and adequate Itrenllth to meet the most enctinll requirementa.
Sectiona are of lpecial drawn brillht finilh leamlesl alummum engineered to Itand wind velocities up to 60 m_p.h. Recommended for
mobile inatallationa, freah water craft, police, fire, forestry or for home
r«eivina: antennae.
Premaz Steel Antennaa, heavily plated in brillht cadmium, are
hillhly reliltant to corrosion and e:rtremelr Itronll. U.ed for vertical
radiator I. home receive". and commercial mltallationa.
Premaz Corulite Elementa, a ribbed Ityle preferred for horizontal
mountinll becauae of IIreat Itrenllth, lillhtneaa and riKidity. Tubular
unitl (illultrated at bottom of palle) that are fully telelcopinll and
adjultable.

MONEL ANTENNAS - LESS INSULATOR
E:rt'd
No.
Sec. Lenllth
MM-ll3 2 13'1"
MM-1l9 3 19'1~"
MM-115 4 24'10~"
MM-330 5 30'0"
MM-335 5 35'0~"

Col. Bale
Lth. 0 . 0.
6'9" .625"
6/~1
.750"
6'9" .875"
6'9" 1.063"
7'8" 1.063"

l°l>.
.489"
.489"
.489"
.489"
.489"

Baae

r. O.

.555"
.666"
.777"
.935"
.935"

Weillht
Price
Each
Each
$15.50
2~ba •
5 I .
36.00
81ba.
48.00
131ba.
63.00
151ba.
1>9.00

ALUMINUM ANTENNAS - LESS INSULATOR
No.
AM-311
AM-518
AM-1l4
AM-lJO
AM-331>

E:rt'd

:sec. LenKth
2
3
4
5
6

12'2~"
18'0~"

~~;~},i"
34'8"

Col.
Lth.
6'3"
6'3"
6'3"
6'3"
6'3"

Base

0.0.
.500"
.750"
1.000"
1.312"
1.625"

lOt,.

Base

r. o.

.320" .334"
•320" .584"
.320" .810"
.320" 1. Il 2"
.320" 1.425"

Weillht
Each

Price
Each
$ 4.50
8.15
11.75
18.75
17.00

l~ba .
3 I .
51ba .

7~lba .

Illba.

STEEL ANTENNAS - LESS INSULATOR
No.
IIl-M
318-M
114-M
130-M
1l6-M

Sec.
2
3
4
5
6

ElIt'd
Lenllth
11'8"
17'3"
22'9"
28'3"
33'9"

Col.
Lth.
6'1"
6'2"
6'3"
6'4"
6'5"

0.0.

Baae

lot,.

.656"
.875"
1.063"
1.250"
1.500"

.500"
.500"
.500"
.500"
. 500"

Bale
Weillht
I. O .
Each
.556" 4 lb •.
.775" 71ba.
.963" Il Ibl.
1.150" 151ba.
1.400" 201ba.

Price
Each
$3.00
4.50
6.00
7.50
9.00

BASE INSULATORS
TYPE 1
Lapp delilll
heavy.duty footinll
or bale insulator ror
Premaz vertical .D~
tenoal . Heavy. wet.
process, brown-Ilaft
porcelain conel held
In compreaaion be.
tween hot-llaivanilled
malleable iron e •• t.
inll. which form the ba.e lupport.
Tested. compte.lion ratina: up to
10,000 lb•. and will lupport 35'
vertical under ordinary wind
stresses without use of IUY' or
other supporta. Heillht to top 7";
bolt circle 5~"; weillht 7 lba.
Complete with mountinll bolta and
nuta.
Old
Diameter
Number Number Top Poot
IP-14
136-L
~;;
IP-16
New
IP-30
~"
New
IP-U
136-P
1~"

TYPE 2
A Iillht desilln base
insulator luitable ror
vertical antenna. up
to 18' heillht or with
IIreater lenKtha if prop·
erly lIuyed or IUpported
with Itand-off mount.
inlll. Of brown lIaR
porcelain with top peat
and bale lupport cemented in inaulator. Metal parta
Kalvaniaed . Porcelain diameter
3~"; heiaht to top of rorcelaiD
6 11 ; flanlc diameter 3~' : weilbt
4 lba. Furniahed complete with the
neceeaary mouDtin" bolta and nutl .
No.
lP-14

CORULITE ELEMENTS

lot,.

Ellt.
Col.
Baae
Weillht
No.
Sec.
Lth .
Lth.
0.0.
Per Pair
104-M
4'0"
4'0"
I
lib.
H"
H"
108-M
8'2"
2
4'7"
2 lba.
H"
II3-M
3
12'4"
4'8"
3}i Ibl.
H"
618-M
4
17'0"
5'3"
I"
5}i lba.
H"
PremBll Corulite Elementa are aold only in pain, a. lilted .

;1"
fl"

Price
Per Pro
$1.50
3.30
5.40
7.50

PREMAX POLICE ANTENNAS

I

.1

Premall Automobile Antennaa for police and other commercial
applicationa are deaillned for rouah, hard ulalle coupled with
efficient, dependable performanee, heinl of lolid Iteel of an
elltremely hillh carbon content, heat treated and oil·tempered.
Rod. oC varyinl diametet'l, cold drawn, are joined securely into
a .inille llraduated lenllth which providel hillh flnibility, minimum wind resiatance, and indefinite life. Brillht cadmium plate
offen almoat unlimited reai.tance to corrosion in all inland and
nIt water are ... Rod. are alae available in .tainles. ateel.
SPECIFICATIONS-RODS ONLY, LESS MOUNTING

Lth.

72"

78"
84"
90"
96"
STYLE
MM

MONEL

STYLE
AM

AlUMINUM

STYLE STYU

M

CADMIUM
Style A
No.
Price
AC-171
$1.50
AC-178
1.65
AC-IS4
1.80
AC-I90
1.95
AC-196
1.10

STAINLESS
Style A
No.
Price
AS-I7l
$3.30
AS-17S
3.60
AS-IS4
3.90
AS-190
4.10
AS-I"
4.50

Price
Bacb
$9.0'
9.00
9.00
9.00

Old
Oi..
No . Top Post
318-P
~"

Price
Each

$3.00

TYPE 6
Type 6 Bale In·
lulator will be recognized 8S the most
practical unit available for moun tin II
vertical antennae on
Ihipboard. or on
rooftops. tower platforma. mobile truckl,
etc. In general conItruction it is limilar to Type 1
with the lame Keneral characteristics. Simple to install, neat iD
appearance. The lead-throuah dc·
si&n avoids neceaaity for eztra
holea, lead-in buahinll_, etc. Flanllea
6" diameter with 6 bolt holet OD
S" circle. Center stud luited for
decko ~" to 3" thick. Total heiaht
above deck 4~". Weillht II }i lba.
Available in hot'lIalvanized or
lolid bronze with exposed bronR
portiona polilhed.
Diameter
No. Top POlt
6P-14
')i"
I>P-ll>
6P-30
6P-44

%::

I~"

Price Eacb
Galv. BrOllR
$11.75 $11.50
11.75
11.50
11.75
11.50
11.75
11.50

PREMAX CORULITE TYPE STEEL ELEMENTS

A

STEEL roUCE

maT'I~M . . . .lEmI. . . .~BI. . . . . . . . . .' . . . . . . . . . . . . . . . . . . . . . . . .................~~~~....a...~~~~~~~~~~~~. . .
UNIT IIS-M

...............................

UNITI~M . . . . . .~=-~==~~~~~

PREMAX PRODUCTS

Ask your jobber for the
new Premllx Antenn.
Bulletin No. 29 giVing complete details of Antenn..,
Mountings, Insuletors end Accessories. If he cennot
supply you, write direct.

DIVISION CHISHOLM·RYDER CO./ INC
41 '29 HI9hland AvC!

Niagara Falls, N Y
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Learn Code the Easy Way
This automatic code IranSDlitter, the In~lructo ..
~raph, wilh ils Book of Inslruclion, affords one of
the quickesl, easiest and most praclical mel hods of
teachin~ Ihe code thai has yel been de"ise.!.

MACHINES FOR RENT OR SALE

Tbe Inslruclo~rapb is a sci"nlifically conslructed
macbine Ihal sends Ielegraphic characlers perfeclly
al any dcsired spced, By so floin~ il lilerally lakes
the place oC an operator-instructor, and enahles
aO\'one 10 learll eilher the i\lorse or Conlinenlal
("o,~les without any rurther assistance.

The "Standard" Instructosraph
The "Slandard~ as iIIuslraled is strongly constructed, enclosed in an attractive case and is built
for years of IIsefulness. Ten eode lapes a",1 the in·
slruclion book are supplied wilh Ihe machin ... Can
be furnishcd eilher wilh an e1eclric IIO-volt 60-cycle
AC motor or a spring wound motor. Priced $24.50
for Ihe electric OIolor and $18.50 for Ihe sprin~
wound mol or. These prices are delivered 10 any
point in Ibe Unile,l Siaies or Possessions. $1.00
additional to poinls in Foreign Counlries. l\Iay be
purcbased 011 convenient montbly paymenls if
desired.

The" Junior"
Tbe "Junior" operales just as efficiently aa Ihe
larger machine and also comes in an attractive case.
Tbe difference heing mainly in aize and conslruclioll.
Five tapes and Ibe book of inslructions are supplied
wilb tbis macbine. Priced $12.00 delivered to allY
point in Ibe Uniled Stales or Possessions, and $13.00
to points in Foreign Counlries. Sold on easy monthly
"syments if desired.

Witb Ibeae macbines il is necessary to use an oscillator or
buzzer to furnisb Ibe beat nole. Full oscillalor equipmenl
with audio Iransformer and tube socket deaigned 10 fil inside Ibe macbine. Priced $5.50 (less battery). Wben bougbl
witb an Inslructograpb tbis is wired and inslalled in Ibe
machine.

RENTAL PROPOSITION

The Instructosr.ph Accomplishes
These Purposes:
FIRST: - It teacbes you to receive lelegraph symbol ••
words and me..ages.
SECOND: - I t leacbes you 10 send perfeclly.

The "Slandard" machine only is used in Renlal Service and
rental. apply only 10 the United States proper.
Instruclograph. 10 lapes and book of inslruclions: For the
110 volt 60 cycle AC motor; First monlb $3.50, eacb addi.
lional monlb 52.75. For Ibe spring wound mol or; Firsl
montb $3.00, eacb addilional montb $2.25.
For audio Iransformer and lube sockel ill81alled add 25c per
month. For full oscilla lor equiprnen t add SOC per month.
(Tuhe and ballery not renled bUI may be purcbased for
$1.00.)
'''e pay r~lurn transportal ion charges 011 all renlal •. A
deposit of $10.00 in a<l<lilion 10 Ihe renlal or saIM(aclon'
references and sufficit"nt information al.out "ourself is
required.
.

All renral payment.• rna)' be applied an t"e parc"ase price
should you decide to bu.y the equipment.

THIRD: - It increases your 8peed of sen<ling alld recei"ing
afler you bave learned tbe code.
Witb the Instructograph it is not necessary to impose on
your friends. It is always ready and wailing for you. You
are also free from Q.n.M. experienced in listening Ihrougb
your receiver. The speed ran"e is five to forty words per
minule and tbe lapes ran~e from tbe alphabel 10 typical
me .. a~e8 on all subjecls including code group lapes tbal
cannol be memorized. Tbis machine is ju.t as valuable to tbe
licensed amateur (or increasin g his speed as to tbe beginner
who wisbes to obtain his amateur license.

POSTAL CARD WILL BRING FULL PARTICULARS
IMMEDIATELY

THE INSTRUCTOGRAPH CO.
4701 SHERIDAN ROAD

(Dept. H. B. 7)

CHICAGO, ILLINOIS
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RATINGS A u etm GEA-202IB.

.

ND PRICE

Cylindrical Caiel
Volts

No.

Net
Prlcc·

UF60
UF61
UF61

S1.95
I.U
2.70

(0",109

D-C

UF~
UF64
UF65

~66

m~

1500

UF68

_~
UF70
UF71

2000

RATINGS
R
AND PRICES

S

LO

1.65
I .U
2.55
__1.85
1.e o 2.10
1.15
- - -- 1.70

3.00

s~~t[~8IYI
UNITS

Casel
_ ectangular
_

1000

2.70
3.75
5.10
5.40
3.30

3.90
5.40
6.00

lR~NStA\~~\~~a~~~ in Value
Priced LoW.··

G

ENERAL ELECTR I C has designed and
built tubes to meet the most exacting
requirements on land and sea and in the air
for more than 27 years. G.E. on a transmitting
tube assures you of long, dependable service

at low cost. Bulletin GEA-3315 lists the complete G-E transmitting-tube line, together
with technical data and prices. Ask your
dealer for a copy or write to General Electric,
Schenectady, N. Y.

G-E BEAM POWER TUBES
for More Power with Less Equipment
Low Driving Power
Quiclc Band Change

G-E MERCURY-VAPOR RECTI·
FIERS
GL-I66 ............ NET $1.50
M... P•• k Inv .... Voll•••.......... 7500
POlk Piol. Curr.nl. ............... 10mI'
Av ••o,. Piol. Curr.nl ........... 0.25 omp

G L-807 ............... NET $3.50

GL-I66A .......... NET $1.50

The G-E beam tube for your low-power requirements. Oscillator, amplifier. frequency multiplier
or modulator-you can't buy a more versatile
performer for $3.501 Less than half a watt drives
two 807'5; ICAS cw output: 100 watt. I

GL-814 ............ NET

$17.50

The G-E beam power tube for any medium-power
r-f application up to 30 mc. 160 watt cwo 130 watts
plate-modulated phone (ICAS) with 1.5 or 3.2
watt. driving power respectively. A fb frequency
multiplier, too. $17.50 puts one in your rig.

GL-813 ............. NET $tt.OO
The G-E beam tube for high power. It will produce
150 watt. cw as a crystal oscillator. 260 wath cw
with only 0.5 watt driving power. An excellent frequency multiplier. Makes quick band change at
high power easy.

FOR ECONOMICAL
MEDIUM POWER
GL-I11 .... High Mu Triode
ICAS· CI... B Modul.lor R.lln, (2 lube.)
Mo •. PI.I. Volb ................. 1500
MOl. PI.I. Currenl ............ 200 mil.
D.ivin, POWI •.....•.... •.•.. 10.5 woR.
Oulpul Pow ••......... . .... .. 225 WIR.

NET $3.50
GL-I1t ...... Low Mu Triode
ICAS· CII.. C T.Iu.lph Rolin,
Max. Piol. Volts .... .. .. . . ..... .. 1500
Mo •. Pili. Curr.nl ............ 150 mil.
D.iving Pow.r ... .... ..• .. .. .. 6.5 wolls
Pow.r Oulpul ............... 170 w.11s
Mo.. F.equ.ncy ...........•.• 100 me.

NET $3.50
*lnltrmillenl (omm,reial anti Amllle", Se"";ce

M... P.ok Inv .... Volb . ..•....•. 10.000
P.lk Piol. Curr.nl ................ 10mI'
A •• ro,. PIIII. Curr.nl. ......... 0 .25 ... p

FOR HEAVY DUTY
G L-I7t ............. NET $9.00
Mo •. POlk In •• n. Volb ••••••••...•.. 7500
P.ok Pili. C"".nl .... .............. 5 Imp
A ••••,. PIli. Curr.nl ............ 1.25 .mp

GL-I7tA .. .. .. , .. NET

$11.00

Mo •• P.ok Inv.n. Volb .. 10.000

P.ok PI.I. Curr.nl ....... 5 omp
Avo.o,. PIli. Curr.nl .. l.25 ....1'

HErp.'CES

TOPS IN
"50WATTERS"
GL-831
CII .. 8 Audio 260
wotb oulpul (2 lub•• )
CI.i. C Tolophony
100 wllh oulpul
CII.. C T.I.g•• ph
130 WI", oulpul
Mo •. Fr.qu.ncy 30
me 01 lull Inpul, 1 20
me 01 reduc.d •• Iin,.

NET $11.00

Gl-I03A
Gl.l11 . ""0.00
Gl••OO .... • '0.00
Gl·.O, ..... '0.00
Gl ••O ····· 3.•5
Gl"03I .... . 3.50
Gl-'05 ... " 1'.50
Gl....... H.se
Gl ••::· .. " lIt.OO
Gl ••09 •• '"
3.50
Gl·.,O· .. ·· ' .50
Gl,," ..... 13.50
Gl_., I . . . . . 3.50
Gl"'3 ..... 3.50
Gl." ...... lIt.OO
Gl" n ..... '7.50
Gl•• n · .. " IS.OO
Gl •• 3• •.... 7.50
Gl-8.5 .. '.. 11.00
Gl-860 .. '.. '0.00
Gl'866 '" '. 31.50
Gl·866 .. ··· '.50
Gl'''1 A. . . '.50
Gl •• 7IA···· 9.00

0("'623 '"

""

"·00
1.50

• Antennas
• Insulators
• Condensers
• Inductors
• Tube Sockets
• Plugs &Jacks
Famous Johnson products are being used by every big name
manufacturer of diathermy and radio transmiHing equipment.
These same identical parts are available to you from your jobber.
We could not crowd even a representative showing of the line
into the above photograph but your jobber has a catalog for you
including the Johnson-BasseH antenna and concentric feeder line.
Don't use cheap inferior products when the best cost no more.
Compare Johnson prices and you will be agreeably surprised.
The answer? --.:. quantity production.

,q~~
CATALOG 966M

(?'*4uIt

~ PARTS JOBBER

H. v.I,•• YD., b"';.... '.d ..m.dv;•• YD.
o. yo" P...hI..... H. '''p/o,.....1••"
10 '.'Y. y-".I • ... of I.h.;, .xpe..;.""••
And .....• ..he, - .11 hell., Jobb."
SUpply Johnson and Johnson-Bassett
products.

C'.
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Behind the doors of some of America's finest radio transmitting equipment, Kenyon Transformers carry
on - doing their work quietly, efficiently, dependably even under the most adverse conditions. Such a
record 01 performance is truly a model for the entire industry.

UNIVERSAL MODULATION TRANSFORMERS
Kenyon
Portable Broadcast Units
Thes•••c.n.nt unlb ar..... an yet ••tr.... ely
elAei .... For both hid .nd ,qlion _.lion.

Laboratory
Standard Units
"Th. Sl.rndard 01 the World." UMd by the
moot dilCrlmlnating lor laUhlul r.productlon.

Modulation Transformers

w. runul.ctur. an types

up to and Includlnt
th.l0 K.W. unlblorco ......e1.I ..... lc•.

Special Units
A lars. portion 01 the busin... don. by
K.. yon is on .peelll units to lulAII _1.1
appllcotion •. Smlll or Ilrs. qUlntilies.

Audio Transformers
• Shl.lded. Hu.. bucklng Iypes
• Lab. Sl.rndard unlb. unllor... fro.. 20 to
20.000 cycl••
• PI", In types lor go.........lal •• lra.1t and
other .ppllcatloM wh...
I. at •
pr.... lum.

.pee.

Filament Transformers

Type No.
T-388
T-352
T-36O
T-389
T-390
T-391
T-387

Amateur Transformers
Long • I..orit. with .moleu.. • ••rywh ....
On thl. page W. li.t but I I.w 01 the ..... y
types w. ,,"nulactur•. Complet. colalos FREE
on .. quest.

15
40
75
125
300

WIlli
walll
WIlli
WIlli
watts

N.I Prlc.
52.70
3.90
5.85
13.20
19.80

D.C. Volts
5001750
1000/ 1250
1500/ 1750/ 2000
1000/ 1250
1000/ 1250/ 1500

D.C.M.A.
300
300
300
500
300

FILAMENT TRANSFORMERS
2.5.5.6.3 V - 3A
2.5 V. -10 A. CT.
2.5 V. -10 A. CT.
2.5 V. -10 A. CT.
5 V. - 20 A . CT.
5 V.-20 A. CT.
6.3.6.45,6.6 V. - 8A

1000 V. Test
2000 V. T••t
5000 V. Test
9000 V. Test
10000 V. Test
5000 V. Test
2000 V. Test

Nat Prlc.
15.85
9.60
12.90
12.90
11.85
Net Prlc.
51.65
2.10
3.00
4.50
8.40
4.80
2.40

FIL TER REACTORS
Type No.
T-153
T-152 ••
T-l66 ••

the ,r"l high reactanc. type lor 50 KW Anal.
From the 75 .olt bla. type to the hug. 3 pha..
air and oil cool.d unlb lor I.rg. planb.
broadca.t .lalion•••te.

Primary

PLATE TRANSFORMERS
Type No.
T-668
T-669
T-670
T-671
T-672

E•..., concel.abl. type Iro ... the ._lIesl 10

Plate Transformers

Audio Output

Type No.
T-489
T-493
T-494
T·495
T-496

Type No.
T-517
T-506 . .
T-510

..

Inductanc.
Henri ..

MIX.
M.A.

Nat
Price
51 .95
2.40
4.65

Inductanc.
Henri ••
15-45
5-20
6-19

MI •.
M.A.
90-20
200-30
300-30

Net
Prlc.
51.95
2.40
4.65

30
90
· .. . . ..
10
200
· . . . . ..
300
· .. . . . .
11
SWINGING REACTORS

The one stylet universal mounting case design
of Kenyon ransformers adds eye appeal
and beauty to the finished product.

Send for FREE CA TALOG showing
hundreds of types not Listed above

1\11 Sizes1\1/ Sbapes1\11 Vo/tages-

NEW SPRAGUE HIGH VOLTAGE MICAS
You don't bave to go looking with a micmscope for
voltage markings on Sprague Higb Voltage Mica
Condensers! Eacb voltage bas a different colored
label for quick and positive identification - red for
5,000 volt condensers, blue for 2,500 volt and green
for 1,000 volts. Condensers are molded in moisture·
proof, low-loss bakelite, wbile tbe extremely bigb
voltage units are sealed in non-bygroscopic porcelain_

Lifeguard Safety Caps for exposed condenser terminals are only one of four outstanding safety features tbat make Sprague Transmitting Condensers
(round or rectangular types) tops for any amateur
need. Terminals are perfectly insulated from tbe cans;
cans are automatically grounded tbrougb tbe mounting clamps; and all condensers are oil-impregnated
and oil-filled (not wax-filled) with SPRACOL. tbe
500° flasb protection oil.

You're sure the voltage is right. You know
from past experience that Sprague quality
cannot be surpassed

Lifeguards are supplied free with every Sprague
Transmitting Condenser - or you can buy them for
your old condensers at 15~ per pair, amateur net.

SAVE MONEY! ••• with Type UC Transmitting Condensers
For either beginners or old timers who don't want to
invest much money in a rig, we heartily recommend
Sprague Type UC cardboard type "uncased" paper
sections. They'll do a tip-top job on reqnirements up
to 1,000 volts at about one-third the price of standard high voltage units. You can buy a UC-14 1 mfd.
400 volt condenser for only 45~ amateur net; a
UC-lS 1 mCd. SOO volt for only 75~; or a UC-ll 1
mfd. 1,000 volt for only 90~ net. Otber capacities
proportionately low. It should pay you to investigate!

TRY TELEVISION!
Alon, with a lot of other
amateun, you'll probably
be gh'in. Television a
whirl - and wben you do.

8000

look to Spra,ue f.,. tbe
d,ht condenaerl. For

Ie..,.·

era) yearr pall, webave been

workin. with leading equipment manufacturen and
have developed a complete
line of quality units specifi.
cally constructed for exactin"Televieionrequil'emenlso

See pa Ie 20 of the new
SpralueConden... Catalo,
fOl' .tandard typea now generallyavailable.

LOOK AT THESE RESISTOR VALUES!
Study the construction of Sprague Koolohm Resistors. See
for yourself the tremendous plus-values you get every time
you use one. Common sense will tell you the advantage of
having every bit of wire insulated before il i. u'ound with a
special heat-proof, moisture-resistant material. Lay~r windings, larger wire sizes, more resistaoce in less space. 5% accuracy, no chance for shorted windin gs, cooler opera tion.
inexpensive non-inductive windings ... these are but a few
oC the resulting features that are unsurpassed in the resistor
market today. Write for Koolobm Catalo,.

SPRAGUE KOOLOHM RESISTORS

Other condenser types
come and go, but famous Sprague TC Tub\lIars go on forever. Tbe
reason? Well, it's simply
tbat you can't beat
tbem for any by-passing
requirement. Test voltage 1200, working
voltage 600. 1\1 ade "Not a Failure
in a complete line.
in a it-lillion"

GET THIS CATALOG FREEl
The bi,geat moet complete Conden8el' Cu-

aIor Spralue baa ever is,ued. Ask your jobber or write 10 U8. Ask for tbe 1941 CataJoc.

ertn. Section - .J.owins prosreuwe iMer'-Dod wirnl~ for "is""r r ... io,anc:e volue.
illIoJl'~.

Cro.. Section - -""wins wire ...od ira
Koolohnu u:irJo a .ee,io" " rIM wulGlioto

,.m/ll1erl
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Clearer reception! Greater range with

PYREX BRAND GLASS INSULATORS
THERE'S no doubt about it! Pyrex Radio Insulators, made from tough, non-porous PYREX
brand glass, bring in clearer signals from greater
distances under any weather conditions!
Formed in a single piece, with a smooth surface
that can't absorb moisture, PYREX Insulators
have no pores or cracks for dust to lodge in.
There is no glaze to chip or crack.

.,ft.u/.,O,.-

AIOVE: "YREX AItt...
HOI. 6701J,670J 7,67007.

H", "<lWe,

BELOW: PYREX SI.IIfI-Ofllftlu/.,ot. lor
T,._/I!erI-H.... 67707,67709.

The result is an insulator of great stability with
superior surface resistance and minimum power
loss ... the very features you've been looking
for!
Send now for the free folder or United catalog
pages describing the
complete line of PYREX
CORNING MEANS
Radio Insulators. Specify
PYREX Insulators next
RESEARCH IN GLASS
time you buy from your
local radio supply house.

CORNING GLASS WORKS
CORNING, N. Y.

ounce, leatht!rw@
sure on record
face noise and
deep maroon
plete with shielded ca
rest.

MODEL FP-18
(Fr.quency Respon ••
30107,000 cycles)

Volc.-Rong.
MODEL UT-48

MODEL FP-38

List Prlc.
$16.50

LI.IPrlc.
E.ch $16.50

ANtic CryNI Products LIcensed Under Brush Development Co. Patents
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STANDARD RADIOHM
Featuring maximum resistor length to case
diameter • • . accurate tapers • • • low
noise level •.. longer life ... better power
dissipation and better aU 'round performance,

srLlT·KNUIK.
REPLACEMENTS

MIDGET RADIOHM

Can be easily adapted to
many of the current sets
by merely cutting shaft to
proper length . . . of brass
, . . easy to cut . , • ex·
tends 3" from the end of a
3/a" bushing.

LEVER ACTION
SWITCH
Used singly or In
groups. , • for broad·
casting, receiving.
public address, teat
instruments and in·
dustrial uses, AvaU,
able in anyone of
ten different com.
blnations including
positive and sprin<J
return action.

In compact sets space is at a premium,the
MIDGET fills the bill . . . bakelite case
WIRE WOUND RADIOHMS
11;8" diameter . . . 1ft" aluminum shaft, , •
30/s" long milled for standard push·on or In values from 2 to 10,000 ohms • • . insulated
construction . . . 3 walls . . . universal ahaft for
,et·screw knob.
all replacements .• , regular Radiohm switch covers
may be attached , •• in linear curve only . . .
ATTACHABLE SWITCH COVERS
For standard and wire wound
AXIAL LEAD RESISTORS
resistors (Radiohms) as weU as
Body is insulated by inert ceramic jacket
(8
Midget Radiohma . . . S.P.S. T.
, . . proof against vibration and humidity
• . . S.P.D.T.• , . D.P.s.T. , . ,
. . . will withstand five times rated load
four point .•. S.P.D.T. (operates
without permanent change. In two sizes
at clockwiae position) and S.P.S.T.
. . . RMA coded . . , V2 watt at l/s" x Sfa"
with Dummy Lug,
and l' watt at l/t" x I".

it

ADASHAFT MIDGET RADIOHM
Will handle more than 400 different makes (several
thouaand different models' as far as values and tapers
concerned. A valuable and ideal emergency kit.

E1

ao4OO" Sl.O"'D tlt"'n.Alll'. (ou"IJl

As specialists for many years in
the production of highest quality
relays and timers, Dunco offers a
complete line of standard and
special types engineered for spe·
cific requirements. We welcome
the opportunity to cooperate
with you in supplying suita·
ble units for practically any
application.

(I) DUNCO MIDGET

(1) DUNCO RADIO

KEYING RELAY

RELAY
Isolated conlacts permit operation in bigb or low voltage
circuits at any frequency. No feedback or bum. Unit is de·
signed for extremely fast operation. Unexcelled for bug
keying. Low contact resistance: single break contacts: bigb
vohage and current carrying and breaking capacity: vibration.
proof cons truction and many otber features.
Type

Operates On

Amateur Net

RA 1
2.5 V. 60 Cycle Coil....... .. $2.00
RA2
2.5 V. 25 Cycle Coil.. . . ... . . 2.00
RA3
6.3 V. 60 Cycle Coil.. . . . . . .. 2.00
RAI5 115 V. 60 Cycle Coil. . . . . . . . 3.50
RDI
5t06V. D.C.COil. .... .... 2.00
RDI5 10 to 12 V. D.C. Coil. . . . . .. 3.00

(3) DUNCO TIME DELAY RELAYS
By connecting input terminals across primary of filament
transformer. and output terminals to primary of plate Irans·
former, power is delivered to tbe latter 30 seconds after lila.
ments ar. turned on, tbereby prolonging tube life. Unit
bas snap·on bousing witb panel mounting as illustrated for
back-of.panel connection. Contacts rated 6 amps. at 115 v.,
a.c. 3" bigb, 2~" wide, 2M." deep including cover.
Dunco Type TD.327, Amateur Net '8.80
Other Time

Dela y~

and Time Controle available. Tell ua your
requirements

(4) DUNCO MERCURY PLUNGER RELAY
Tbis power type relay bandle. loads up to 30 amperes at no
volts a.c. or 20 amperes at 220 volts a.C. Unexcelled for reo
motely controlled Iran.mitters, receivers, motors, etc. Tbe
mercury tube i. of tbe plunger type witb only one moving
part. It is completely silent in operation . Due to tbe use of
mercury cOnlacts, tbere is no sticking or burning of contacts.
Standard coils operate on llS volts, 60 cycles, but otber coils
are available. Vertical panel mounting. Size 331" bigb x 231"
wide x 2%" deep.
Dllnco Type lHR.I, single pole, Amateur Net '6.00

A bigb quality relay for speeds up to 40 w.p.m. Silver button
replaceable contacts will interrupt currents of 6 amps. at
110 v., a.c. Contacts are single pole, and elose wben coil is
energized. Consumes 50 mao at llO v., 60 cycles. Vertical
panel mounting. Handles loads to 660 walls. 2%" bigb, 1~"
wide, 1%" deep.
Dunco Type ASBXI, Amateur Net $.3.75
NOTE: Dunco mak .. many olber Midget Relay Types wbicb are
de&cribed in detail in our general catalog. Amon g thue are: ABTX 1

S.P.D.B. Front Contact, $3.75: ABTXIP S.P.D.B. Front Contact
witb piglail. $4.00: ADBXI D.I'.S.D. Fwnt Contact. $4.75: BSBXI
S.I'.S.B. Dack Contacl. $3.75: CSBXI S.P.S.B. Double Throw.
$4.00: and CDBXl D.P.S.B. Double Tbrow. $5.25 amateur net.
The.., do not operate .. (81t aa Type ASDX I.

(5) DUNCO RADIO FREQUENCY RELAY
Developed for use witb low power transmillers. Contacts ar.
double pole, double tbrow rated 6 amperc. at 500 volt. R.F.
Mounted On miealex base and a micalex cross arm insulates
tbe moving contacts from armature. Vertical mounting.
Standard coil operates on U5 volts, 60 cyclcs, consumes"
watts. Otber voltage coils available. Size 3" bigb x 2" wide
,. 2~" deep.
Dunco Type CXAI946, Amateur Net $5.25

(6) DUNCO VACUUM TUBE RELAY
An ultra.sensitive unit specifically designed for opera lion in
plate circuits of small vacuum tubes. Takcs d .c. in coil circuit
and eitber d.c. or a.c. in conlact circuit. S.P., D.T. contacts
make One circuit wben coil is energized, and anotber circuit
wben de-energized. Coil bas 10,000 obms resistance. Handles
up to 18 mao Unit may be adjusted for operation down to 1
mao Contacls rated 2 amps. at 110 v., a.c. 2Ys" bigb, 2~"
wide, 2" deep.
Dunco Type SD40S2, Amateur Net $6.00
Write £01' detail, OD Dunco sequence, ratchet or uatep-by-atep"rej.YI.

-..

~~~~~~~~~~~~~~~~~.
THE DUl'OCO CATALOG i. ,.our ,uido to botter rela,. •. Li ... tbo (ull line o( .tandard and .pecial .
Dunco Rel.ys and eontam. a wealtb of enlmeerinl and application information. Write for your COpy.":

8'J

STRUTHERS DUNN -In.:. /,
.
III."•.::'" ,~. .

1.

RX21
Onl)'6'1.: incht-s Itlnt:whh a diamctcr of 21~
ilKhe. )'Cl i( carries a peak rf YohOl";C' ralint:
of .\2,000. Ma}' he: uw:d in a f'U",h pull 100%
modulated cran""iucr of'Cralin,.; OIl '1000
VI.ltS un (he plate' .•• hilthcr VOh3)tc:. rna)',
be: u$cd " 'llh .in~1c: eRucd ( f.. n~milU:D
where no modultllion i~ require-d. Proper
combinations of the sumd.ud unih will
produce any desired cap:.cil)' for uplimum
circuil efficiencies on any frcqucoc)' :u any
vohaJ:c. Rf Cutrenl rOIling 20 (0 ~O am·
JM.'rc:s p.:r unit depending upon frequency.

e
Result
leased In-
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PRECISION-BUILT RADIO EQUIPMENT
UN I-SIGNAL SELECTOR
Connects as a speaker to
the output of any receiver.
Eliminates all interference
in the form of QRM. QRN.
Tube Hi... etc. For CW only
-can not be used on phone.
Hen clean. IOOO-cycle note.
25·cycle selectivity - takes
up where crystal leaves off.

No. 9-1026, Amateur Net .......•... $13.75

SIGNAL SPLICER
Designed to match any type
of antenna to the input of
any receiver. Where transmitting anteDna is used for
receiving also. this unit will
pi'ovide material increase in
Signal Gain. U.e. no power
-no tubesl Improves image
rejection reduces noise
pick-up.

No. 9-1022, Amateur t.et ............. $3.95

SIGNAL RESONATOR

~
.. , ' ._ .-'
t=-....::t~----,..-

-c...~

"-='...-.-....-

- i
± i -- .
•
I~

Single Control unit
lor YOUR transmitterl
Automatically sets
all condense... bandswitch.s. etc. to
completely tune your
transmitter to any of
eleven de.ired IrequeDei•••

Entirely mechanical. easy to in. tall; only 3 seconds
10 change frequency with the Signal Resonatorl

No. 9-1024, Amateur Net .••.. . ..... $29.50

DE LUXE SIGNAL SHIFTER
The accepted standard for
ECO operation. Shifts your
frequency to a clear spot
with ease and accuracy.
All-band operation; voltac;oregulated for stability. ree·
tures positive oscillator keying for "break·in" opera·
tion. Complete with tubes.

No. 9-1027, Amateur Net ........... $47.50

SIGNAL BOOSTER
Used ahead of any receiver.
provides average gain of
40 db. Two stages of highgain RF amplification. seU·
powered. Cov.rs full range
between 1.6 and 31 mc. Has
RF Gain. Range. Antelina
Compensator.
Cut·Over
Switch and Tuning Control.
Complete with tubes.

No. 9-1031, Amateur Net ........... $43.50

MC 28-56 CONVERTER
Covers 28 to 30 me and 56
to 60 me. Convert. to 6.9-7.4
me IF to work into any
communications receiver.
Uses 1852. high' 9ain RF
amplifier. Provide. consistent reception on the 5 and
10 meter band.. Voltage
regulated. Complete with
tubes.

No. 9-1032, Amateur Net . .......... $44.75
Write for your Free copy of the Now Amateur Catalog
Read the story behind Meissner Precision· Built Equipment

Address

CORNELLDUBILIER

tM7?':
'*~
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ARE YOU PROFESSIONAL
OR

t1JuL

'IJnu- ~?

RME'S ENGINEERING FACILITIES ARE AVAILABLE TO THE
PROFESSIONAL AND AMATEUR ALIKE
RegdlrdleS5, whether your rddio communic4tion needs cHe for industridl dppliedition, or whether just for pledsure, there is 4n RME instrument to meet mdny
specifiCdtions. Nedrly d decdCIe in the communicdtion engineering field h elS given
our engineers d w8dlth of prdcticdl informdtion dod
experience in the

design of new dod customed dPPdfdtuS. Price
or ,I.nd.rd equlpmenl will gl<tdly be given

quotdtions on speci.1

•

HERE ARE 2 FINE.
OUTSTANDING
EXAMPLES OF
RME SUPERIOR
CRAnSMANSHIP,
One is

d

univerS4I,

amelteur or professioMl, stdnd.rd communiCdtions receiver, the Rtv\E~99,
the other is d new, speci.1 purpose receptor for lndustridl dpplicdtion. This
Idtter receiver, the SPD-11, is d crysldl controlled instrument incorpordting

6 predetermined frequency ch.nnels.

UNIFORMITY
OF ALL RECEIVING EQUIPMENT IN YOUR STATION is possible
when RME units dre incorpordted throughout. RME provtdes the steps to

more .ccur.te, efficient, .nd .bove .11, STANDARDIZED reception 01.11
communic.tion services from 90 KILOCYCLES TO 60 MEGACYCLES.
Th. followlns ch.rt .hoWl the .t.p•• pon which RME Inslrumenb or. c"ufRed. Choos. th. c.... IAc.tfon Of cl... IAc..tlon. In whIch you Ire Int....ted.
then wrile u. for .peclAc In'Ofm.tion conc.... lng pertlc.", unlls In eech
IfOUP!

1. STANDARD COMMUNICATIONS RECEPTION
The RME-99, 12 tube custom-built receiver incorpordtes every convenience dod control necessary for efficient dnd dccur.te reception

•

of .11 frequencies from SSO to 33,000 kilocycleo. R.I.y r.ck or c.binet models .re .v.il.ble in • v.dely of different vole.ges .nd
currents.

2. SPECIAL LOW FREQUENCY AND AIRCRAn RECEPTION
A number of units dre dVdil.ble in this delss. All dre constructed with selective

•

.net

efficient circuits for provan performdnce.

Ask for inform.lion concerning the LF-90 FREOUENCY INVERTER.nd the ME-14 PORTABLE RECEIVER_(In process 01 design dr e 2 new dircr.h units of Pdrticuld( interest to the priVdt. pilot.)

3. ULTRA·HIGH FREQUENCY UNITS
listed in this group dr. complete receivers tuning .11 chdnnels from 27.8 to

•

60.3 megdcvcles, helm bdnd models,

crysl.1 conlrolled spot-frequency police units, EXPANDER UNITS for conversion of st.nd.rd communic.tion receivers to eHicient high frequency reception, cmd receivers especi.lly designed for remote pick-up service.

4. INDUSTRIAL AND COMMERCIAL RADIO DEVICES
This cldssificdtion includes forest service units, crystdl controlled receivers such dS the SPO~11 (dOOve),
oscilloscope dmpli~ers,
other electronic instruments. In this group, "Iso, .re cldssed specidl units

e m<tde up to individu.1 specl6Cdtions.
"nd

Detailed Information I. Avai/ab/. withoul Obligation
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A mong t he Fin est Semi-Autom at ic Rad io and Teleg raph Ke y s
Genuine
P referred b y good op erators the world over
for it s cla ri t y . . . speed
.. . sending ease .

V IBROPLEX
TH E LIFETIME KEY

The "CHAMPION"
O NLY

59.

95

Like all real champions t h is
New Vibroplex " CHAM P ION" defies com pet itio n.
Attractive d esign . sturd ily
built and a "STAR" perio rmer. Standard size black
crystal base wit h polished
chromiu m top parts. ~'i6"
contacts, Furn ished wit hout circuit closer, cord and
wedge (or radio lIse o nly.

V I B R 0 P L EX " Original"

Model

New 1941 Vib roplex Key s
T he Ne w 194 1 Vibroplex Semi-Automa t ic Keys a re
t he sma rtest, smoothest , easiest to operate keys
Vibroplex has ever p rod uced . Sta nda rd fi n ish
includes Polished Chromium top parts wi th black base. De Luxe
finish incl ud es Polished C hrom ium top parts and base. colorful
red switch knob , finge r and thumb pieces and a green silk cord.
F o r a li mited ti me . D e Luxe models are being equ ipped wit h
Pa tented JEWEL Movem e n t withou t ext ra c harge . J eweled
movement insures a lifetime of dependable service a nd ease of
operatio n no t possible in any other key. The 194 1 Vibroplcx
keys also include D IE C UT dot contacts and ma in springs
insuring u niform length an d tensile strengt h at a ll times.

H ere's a key li ked by eve! y blass-puunder who has ever us ..."Cl it.
Smooth . easy actio n - this is the type of key an expe rt operator
needs when he has a tough sending assignment , because he
knows from experience that it will handle the job Quicker,
better and with less effort. Suita b le for both M orse and Radio.
~ a " contacts. S t a n d ard fi nis h , $ 15 .95 . D e L u xe , $19.50.

V I B R 0 P L EX \\ Lightning Bug"

Model

'V I B R 0 P LE X " Blue Racer"

Model
Similar to t he " Orig inal'·
\, ibroplex bu t only ha lf
the size. T ucks away in
small space and is a
handy. reliable and efficient key fo r al l classes
of telegraph work. Embodies the same sending
possib ilities. t he same slrcng:t h and durability as the Standard
size keys. ilia" co ntacts. S t a ndard fi n ish, $15 .95 . De L uxe,
$19.50 .

CARRYI NG
CASE
Pl us h lined . Fini.!lhed in bl ack
morocco . Rei n-

(orced co rn ers .

F lexible leat h er
homaIe. Lock and
key . $3.50.

Thi. GREAT :>:EW D ES IG:--/ VI UROPLE X is one oi t he
smartest. smoothest . easiest -work ing keys ever produced , ft is
popular wit h both M orse and Radio operators because of its
strong. clear signal , precision adjustment a nd ease oi man ipu lation. M ai n tai ns t he same hig h quali t y signal at a ll speeds.
Embodies many features not fou nd in any ot her key. 7i o"
contacts. S tandard fin ish , $13.95 . De L u xe , $ 17.50.
\ Vritc for :\"C\\· lllu.!trated Cata log showing
complete line of Vibroplex key~ includ in g
t he :\"ew Sen.!3tional 1941 Patented Jewel
M ovemen t Vi brop/("x in co lor .

THE VIBROPLEX (0 ., IN C.
832 Broadway, New York, N. Y.
J. E. ALbright, President

e

Heretofore supplied OfIly to Army and Navy,
commercial communication companies and
broadcasters, and to builders of quality radio and
eledronic equipment, Aerovox now makes available to "hams" this extra-quality line. Here are
typical mica items . . .

• For .uch .pplicatlon••• "Id, pIat••bloc.ln" co.plln"lonk .nd by.pau·
Inl In hllhopow...cl .. 'I' .... Low-lon sl..ed car... lc culn, p,ovid•• Ion,
ClMpa.. path bacw... cast.. la .. lna.. larlllin.I•• Corona 101... elilllin.ted
Inslele and owl. Uniform vollo.. aradl.nt. Low conlocl ,..illonc. batw...
•Iac.ed unlts.lndl. ,aby .. Ica taction ...ad. 10 cIOl... loI.,.nc.. 10 equall ••
loadln, 01 _Ias-connactacl tactlons. Rlsldly Clalllped in 10w·10I' non·
...,nallc cIa..ps. Heat.......ed for ... aI .. a.. capacily-lalll_alu,. IIobllily.
Vecn ......_naIed taction. I..bedded in 10w-lOi' Rllar, ,educln, str.y
I_and barrl....oIstur. _ .....Ion. Flv•• I.....0000110.5 lII'd. 1000
10 35,000 I... volts ahdlva.

• Mica capacllOft .._I.lIy .alled 10 .ppllcatlon. ,.qul,lnl .hl.lded c.paclty with on...... In.1 .,ounded. Co.. pleloly .hlelded "OM str.y R.lds of
nearby COlllponents. Corona 1 _ .volded by • IIock construction .nd
arounded caM. HI,h-laMlon Steatite pilla, tar.. ln.l..000025 10 .1 Mid.
1000 10 6000 I... volts .hctlv••

• ~ ba••llta-c.e .. Ica capacllOft .._I.lIy 'or ultr.·hl,h-"equancy
.ppllcatlons. Handli", elevated yolta," .nd his..... curranl ,"In,.. Non...,nalle clalllpl... 0' .. Ica taction .. Vecaulll.l .. pr.....ted IIock ......bly
with 10W-lOll an....00001 10 1.0 ..Id. 250 10 8000 .... volts "actl•••

pa_

• Also ......heavy-duty 011 capac 110ft, • wldar cholc. 0' w•• -fliled
condan ...., ",... In .Iectrolytlc. and
copaciton, etc., alc.

Asic You r Local Jobber
•

Consult him atH»ut those extra-heavy.
duty capacitor proWeml. He'll so over
our special ensineerins data with you
and help you select jUlt the capacitors
you require.

pa_

•
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Quality at a price that isn't "loaded"
will always command a buyer's attention. That's why HOWARD Communication Receivers sell in steadily
growing volume. Every HOWARD
Receiver is truly a triumph of design,
performance, beauty and engineering craftsmanship-each developed
to meet the exacting operating demands of today and tomorrow.

ALL MODELS HAVE
650 PRESELECTOR

MODEL "437"

The performance of this hi'lh 'lain
two 8Ia'le RF pre-<lmplilier, usin'l
1853 tubes, is truly remarkable in
inc:reasinq DX and in reducin'l si'l'
nal Interference. Self powered, with
exclusive loop arran'lement readin'l
directly In deqr eu of the compass,
this important unit of the HOWARD
Proqreuive Series can be effectively
uaed with any type or make of re·
ceiver. The maater .electin'l system provides operation with loop or
external antenna or culs out pre·
aelector for reqular op·
eration of receiver.
Price complete, but
without lOOp.
(Loop ......."0s-$7.501

Eztremely sensitive emd selective-is aD
outstaDdinq performer on all bands. It
leatures: 9 tube•• RF .taqe on all 4 bonds.
two Iron core IF staqes. Noise Limiter.
Crystal Filter. BFO. Electrical Bond
Spread. exclusive HOWARD Inertia Knobs.
and all other desirable refinements. Exact
Carrier Level Meter. em entirely new device lor meaaurinq input liqnal strenqth
in microvolts. can be installed
on any HOWARD Proqressive
model lor SI2.00.
-

$2995

$5450

(With Crystol-$62.001

FOU~

660 FREQUENCY
MONITOR
Enables you 10 read directly III
frequency, any unknown siqnal
in the amateur bands. Ceramic
insulated precision built yori·
able condenser carries an ex·
tremely accurate frequency
scale. Frequency can be read
within one kilocycle on the
lower frequency bands and
wilhin five kilocycles on the 10
meter band. Hiqhly stabilised,
has built in power
supply and will oper·
ate with any receiver,
__
Complete price,

$18 95

/
•
Owners everywhere have acclaimed
the abundance of exclusive features
found in the 1941 HOWARD Communication Receivers. Dollar for dollar, the outstanding performance of
these great receivers is representative of America's finest values. Be
sure to personally see the brilliant
new HOWARD Models before you
buy any receiver.

~NDS-540

Howard Model "4
For Ih_ d" lrlllq a Ilia'll. unit recelv.r that estabJiU..
n.w standard. of performance the n.w 14 tube HOWAllD
490 Is outstandinq In ....ry r.8p8CI. Has ..nllitivity that
never bOWl crow~ and ..lectlvity that may be varied
at w ill from the halrllae shClTp position requued for CW
to wide ~. lor hl9h lid.lity reproduction. 2 RF SlaJJ'"
calibrated bCDul spread, 9 position variable IF aelectl"lty.
aIr.tuned IF translormen, t.mperature compenaat.d
lator, automatic 'n o_ limit.r, variable audio fidelity, •
watt push.pull output. Come. complete with 14 ~
cryBIal fllt.r and 10 Inch ext.mal dynamic speaker III
matchiD9, cabinet.

oacn.:

KC. to 43 MC.

MODEL " 436"

MODEL "435"

Providing more features than Model 435,
but lower In cost than Model 437, the
HOW ABO 436 Is the answer to outstanding performance in the medium price
range. A seven tube receiver containing
all features of basic Model 435, plus an
efficient noise limiter, a new eight Inch
band spread micrometer dicit and exclusive HOWABO Inertia tuning control.
which provide fly-wheel tuning
on both main and band spread
95
dials_ A remarkable value.
-

HOW ABO Model 435 is the )Josic. unit of
the HOW ABO Progressive Series, features
six tubes, separate electrical band spread
condenser, ceramic coil forms. built in 61h
inch electrodynamic speaker, BFO. iron
core IF coils. copper plated chassis and
silver plated shieldlng_ The slide rule dial
is silver plated and well illuminated_ A
band-in-use-indicator is at the
left of the main dial with elec95
trical band spread at the right.
-

$39

$29

PROGRESSIVE
SERIES PLAN
HOW ARD'S
r.volutionary direct factory couversion .et-up. applicable
to Models 435. 436 and
437. enable. you to OWll
at all tim... our lat••t
receiving equipment without loss or unJa'l'orable trade-in deal._ 11
is the most flexibl. and
all-in-your-favor
"urchase plan in exiatenc••
Inquire today I

"For national defense or private industry ... where
dependability and adherence to specifications are
essential •.• transformer users turn to UTe."

THERE IS NO SUBSTITUTE FOR EXPERIENCE
UTC hos

0

Whether STANDAR.D or SPECIAL
tronsformer for every purse ond purpose

With

the
NEW

CANDLER SYSTEM

TRAINS YOU TO MEET NEW CODE SPEED REQUIREMENTS

*

Obtain Your Amateur or Commercial License in Y2 Usual Time With
The New CANDLER SYSTEM Training

You Can Learn Code RIGHT, from the beginning as you will be
using it on the air, or obtain your commercial license and qualify for a good
job by taking CANDLER TRAINING in
your own home, a8 McElroy, Jean Hudson.
McDonald and many others have done and
are doing. It is surprisingly easy and
inexpensive.

It takes more than merely the sending and
receiving of code to become a skilled radio·
telegraph operator. The New CANDLER
SYSTEM teaches you quickly the tech·
nique of Fast, Accurate telegraphing.

LEARN AT HOME
T. R. McELROY

~:~"dl 7f.la~~~. !~di~t ~~h~~~/le

Code Tourname,rl July Z, 1939. says:
"My skill and speed are the result of
the exclusive. scientific training \Valter
Candler gave me. Practice is necessary.
but without proper traini~ to develop
Concentration, Co-ordinahon and a
keen Peruplive Se,tse, practice i. of
little value. One likely will practice
the wron&, way."

To Read Code at High Speeds
Lilce You Read Print

L. R. McDONALD, W8CW
At the Asheville Tournament copied

~Sandfe~' 8~~~'lical~ra1~r:~ '~~Jt~~~

cialized practice, I could never have
made my record of 75 wpm. Candler
fundamental trainioK i8 necessary to
speed and skill."

If you 've practiced and practiced with any
kind of practice sct. hut can't get over the
~hump" that seems to he your limit - don't
be discouraged. Thousands of skilled operatora
have had the same experience. Some thought
they were dumb; others thought they ....eren·t
~ gifted." But you should see those fellows to·
day! They can send beautiful code and copy
fast press 4 to 8 words bebind without conscious
effort or strain. Those fellows have Automatic
Sound Conociousness - and they got it tbrougb
CANDLER Training!

No Expensive Practice Sets
Needed for Candler Training
Learning to Send and Receive Code Rapidly.
okilfully is a Mental Process tbat requires Mind
Training such as only CANDLER can give you.
Practice of any kind witbout this Specialized
Training is like trying to learn electricity with.
out a knowledge of Ohm', Law. CANDLER
shows you the easy. interestin g way to Speed.
Skill, and that Amatenr or Commercial License
in half the usual time.

ChamploD Jean at the age of 14
when she won the champio nship in
Class B at the Asheville Code Tournament.

SEND FOR THIS FREE

BOOK OF

FACTS
It aivee you the

.tory olthe cham·
JEAN HUDSON, W3BAK

~~~r~:i~f .9'j:*"~er w~~int'teC~~~I::_
plonahip in Cfa8.B E. at Chicago World's
Fair.

CANDLER SYSTEM
Box 331. Dept. LM-40

ASHEVILLE. N. C •• U.S.A.

pions and many
Inside tips that
will help you. It
is FREE. a D08~
tal will brina it
to YOU. No obliaation.

..Announcing! .
I&W TYPE

ex

VARIABLE AIR
CONDENSERS
Improved in D~sign! Sturdi~, in Construction! T"~ P,actical Basis lor a
Symm~trical Amplili~r Tank Circuit!
LOOK AT THESE FEATURES! ••• (1) Improved. sturdy construction. employin& heavy nickel-plated end plates. (2 ) Heavy, highly polished
aluminum plates with well-rounded ed&es increase breakdown voltage. (3)
Aisimag 196 insulation throughout. (4) Built-in neutralizers. (Optional.) (5)
Built-in coil mount ing. (Optional.)
Hiah maximum-to~minimuUl ratios.
r mproved baRic dellhrn s horlene and even
elim inates aome leads.
Absence of t ic-bars pre vents short..circuited. loopa.

*

*

*

~(r:a~t~ ~rc:!iyah~lt:~ i:~~r~~f~O~ovt;>:t~~~~;at~~d!~~r~~1 ~~~r~:~h~~

~r~c~itd :!:~~I~.•~msT;i?' i:~s~~eaii~~eC~:~~Jo~ !d°(r.Y1C::; ~Tit~fi:~~l:~~

* Special types obtainable on order.

BAW TYPE CX VARIABLE AIR CONDENSERS are available at your local

jobber's. Literature JV\Oing complete technical information and prices is in preparation as the Radio Amateur's Handbook a;oea to r.(e[t8. Write (or )'our copy_

B&W 1GO-WATT, S·BAND TURRETS
BCL -Center Linked. Center tapped Coil..

BEL -

End Linked Coils

These 8&W lOO-Watt Tuneta aet Dew hiahs in fast. poaitive band IIwitchio, 00

!~:t!~S~y!~~;:~!~e~'m~~a~n7e~,~ihi~h ; t7 ~~~ ~~d~ ~n3~~~~u~Ii'I~3-~~~i~

4)i"; shaft extension, 1". They may be used with tuues operatina: at 1.000 to
1.250 volts and a maximum input power of 165 watts. Each unit cornea complete
with frequency -marked dial plate. lockwasher and nut. It may be mounted
directly on the panel in a sinllle ,"," hole. Amateur net .. . , . .. . . . . . . . $8. 5' each

B&W BAND SWITCHING ASSEMBLIES
BAW "BABY" TURRETS (25 Watl

BAW "BAND-HOPPERS" (25 a1l4
SO Wall Rall'",). The9C reliable, practical UDib are now available in two
co mple tely redetligned units .•. improved throuehout. Cover an five
bands. yet require very little apace.
Panel control.
MODEL lA - (25 Watt Ratin&) For inter.taKe coupling with beam
power tubes . .. , ... . ..... $3.25 Det

with a minimum Dumber of tubea.
BTCL, Center Linked. BTEL, End
Linked.
Amateur Net, any type •.... .. .- $5.15

MODEL lAB - (50 Watt Ratin&) For interstage coupling between
beam power tubes aDd triodes or
hi"h-powered beam tubes. .
net

coil.) ... ........ .. .. ... . .... . '7.5'

".S'

Raling). Compact. practical S-band
switch unib for low-power tranamitten
and exciter atage9. Cover amateur
bands from 10 to 160 metera. Their ex-

~~ir~fg~~~~::'S':na::iu;.~Brrr:fficT::g:

MODEL B TURRET

U::''1r~~rrr~~f·or~~r:r.i~!i~ri~:1t:;

B&W LOW·POWER COILS
BAW "BABIES" (25 W.II R.ling).
Ideal UNU Cor crowded layouts, portables and field tranemittera. Made by an
exctu8ive B&W process which anures
maximum ruuedneu. uniform air-

spacing and excellent appearance in aD
amaziDqly small coil. Their 2S-watt
ratin, is very conservative.

~ 11..
1. '. '!:
~

0:)

160
80
40
20
10

~~ I

:iiuluf..
M

M
M

M

M

MC
MC
MC
Me
MC

BAW "JUNIORS" (75 W.u Rat-

JUNIORS rar surpas..". in ruaaedoep and efficiency. most of the laraer I
more bulky coil. of comparable ratln_.
Designed for optimum performance ID

'1Ig).

~~i~~~~~. ~tU~:~'utor~::r~ifi:r ~'f~
watts and plate voltage to

Sra voltl.

~

ltt'

.'.
1

... 1
ltl",,:

•• :::"
~~
ttl l'~
H~

l~
u...:

...~

MEL MCL 82
MEL MeL 44
MEL M e L 14
MEL MeL 4.2
MEL MCL
1.1

~~

100
48
35
28
28

Amateur Net Price . . ....... '.75 each

Amateur net - each . . .. . . . .. ..• t.M
Any tyJlO. less base. . . . . . . . . .. _85
5-prong l\ lsi mag Base. . . . . . . . . . .35
• Total effective capacity required to

eaeca

BARKER &.
A RDMORE,

PA.

Export AJJr, .<

B&W VARIABLE
LINK ASSEMBLIES
TYPE HOVL • I K.W. RATING
*Co/HJcily
Wire
Outside PIN,
Nd
Si:e Dia.
Type
.14 icrohenrys
1.IMld.
C."UTS
Prj"
94 .0
90
14
160HDVL
JJi"
7U"
'5.15
44
10
47.0
lU"
80HDVL
7~"
4.5'
28
8
18.0
40HDVL
7Ji"
4."
25
8
5.2
20HDVL
JJa"
"
7~r
3.75
25
4
I.J
10HDVL
7
"
3.15
2 "
HOV B • .., Assembly ...... .... ... ....... ............ . . .. .. . .... .... 5.00
TYPE TVH • 500 WATTS RATING
90
16
2}i"
I60TVH
90
1>"
Sl.85
50
H
80TVH
40
2Ji"
6"
1.85
40TVH
12
32
16
2Ji"
6"
1.85
5 .7
22
12
20TVH
6"
1.85
2~"
22
10TVH
1.35
6
6"
1.85
2 "
TVH Base Asaembly ... ............ ,
.. ... . 3.75
TYPE TVL • 150 WATTS RATING
160TVL
94 .0
90
18
2}ij"
5"
$2.15
14
801'VL
38.0
55
2J.t"
5"
1.15
15.0
34
12
40TVL
5"
2Ji"
20TVL
4 .6
28
12
2}i"
5"
1.65
10TVL
1.5
22
6
2 11/16"
5"
1.60
TV Baae Assembly .
. ... .... .. - .
. .. .... ... ...... ...... . 4."
TYPE BVL • 100 WATTS RATING
I60BVL
MO
100
20
2}i"
Jji"
U.1I
IIOBVL
J8
50
16
2W'
3li"
1.90
4OBVI,
13
40
14
2W'
3li"
1.65
20BVL
4 .8
14
25
2Ji"
3a"
1.45
IOBVL
2
25
8
2 "
3"
1.4'
25
5BV!.
O.S
8
IW'
3"
1.35
BV Base Assembly ...
. .. . . . 2.5'
Indtt"a1f~

I."

B&W ANTENNA COILS
TYPE HOA-2K .W. RATING 'TYPE TA-U' WATTS RATING
16OHD,\
94.0
90
14
3Ji"
7j"
$6.15
80H D,\
40.0
50
10
3)i"
7"
5.5'
40llDA
15.0
35
8
Hi"
7"
5.00
20HDA
4 .2
29
8
3"
7"
4.75
IOHDA
1.3
25
4
2 li"
7"
4.15
160TA
80
100
16
2)i"
5'
2.85
80TA
35 .0
60
14
2W'
5"
2.65
401'A
13.5
38
12
2 W'
5"
2.40
20TA
4.3
30
12
2W'
5"
2.15
IOTA
1.3
25
12
2)i"
5"
2.1'
A68
Pi-Xetwork Coil Complete with Clip .. ..
. . $1.85

law STANDARD AND FIXED LINK COILS
Slandard

Type
160HU
80HD
40HD
20HD
IOHD
1601'
SOT
COT
20T
lOT
160BX
80BX
40BX
20BX
lOB X
160B
80B
40B
20B
lOB

TYPE HD AND HOL . I K.W . RATING
Linked
Nd
Dia,,:~:::;~~~~~!
Price A~i:':h':n",~:!i ·1~r;;~~.v
$6.15
94.0
90
10
5"
7W'
5.50
40.0
5U
10
3)i"
7~"
15.0
35
8
5."
"
~~" 77Ji"
4.75
4.2
29
8
4.25
1.3
25
4
2"
7)i"
AND TL • 500 WATTS RATING
$1.85
74.0
1\5
12
5"
5"
2.65
35.0
60
12
3W' 5"
2.4.
13.5
38
12
5"
2~"
2.15
4.3
30
12
2W' 5"
2.10
1.3
25
12
2"
5"
TYPE BX AND BXL • 250 WATTS RATING
$1.80 160llXL U.SO
84.0
100
14
4"
4"
1.60 SOBXI, 2.60
37 .0
54
14
3"
4"
~OBXL
2.35
1.35
10.0
51
14
4"
2Ji"
1.10
20BXL 2.10
2.8
45
14
2"
4"
1.05
IOBXL 2.05
1.0
35
12
2"
4"
TYPE BAND BL , 100 WATTS RATING
$1.75 1608L
$1.50
78.0
1\0
18
2Ji"
3","
1.55
SOBL
2.30
39.0
52
16
2Ji"
J~"
1.30 40BL
2.05
12.0
43
14
2"
3~"
1.05
20B!.
1.80
3.0
40
14
2"
3li"
1.00
lOBI .
1.75
1.1
28
12
2"
3li"

.vet

P,ice
Type
$4.25 I60HUL
3.50
SOHDL
3 .00
40HDL
2 .75
20HUL
2 .15
10HUL
TYPE T
$I.S5 1601'L
1.65 80TL
1.40
40TL
20TL
LIS
IOTL
1.10

'rt;:

law UNMOUNTED COILS
2 3.i" Dla .• 10" Length. 6 turns per inch, 1\"0. 12. !'\et Price. , ...... '1.51
2 W' Dia., 10" LeD~th, 8 turns per inch. Xo. 14. l\el Price •...... 1.58
No. 1 - 2" Dia .. 10" Length, 10 turn" pcr inch. ~o. 16. Net Price ........ 1.50
No.1 No.2 -

resonance on low frequency end of specified band.
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To Manufacturers of
Products lIsed in Short-Wave
Radio Communication
THE RADIO AIUATEUR'S HANDBOOK is the world's
standard reference on the technique of short-wave
radio communication. Now in its eighteenth annual
edition, it is universally used by radio engineers as
well as the thousands of amateurs and experimenters
for whom it is published. Year after year, each
succeeding edition has sold more widely than its
predecessor, until the Handbook now has a worldwide annual distribution in excess of sixty-five thousand copies of its English and Spanish editions. To
manufacturers whose integrity is established and
whose products meet the approval of the American
Radio Relay League technical staff, we offer use of
space in the Handbook's Catalog-Advertising Section.
Testimony to its effectiveness is the large volume of
advertising which the Handbook carries each year. It
is truly the standard guide for amateur, commercial
and government buyers of short-wave radio equipment. Particularly valuable as a medium through
which complete data on products can be made easily
available to the whole radio engineering and experimenting field, it offers a surprisingly inexpensive
method of producing and distributing a creditable
catalog, accomplishes its production in the easiest
possible manner, and provides adequate distribution
and permanent availability impossible to attain by
any other means. We solicit inquiries from qualified
manufacturers who wish full data for their examination when catalog and advertising plans are under
consideration.
ADVERTISING DEPARTMENT _._

American Radio Relay League
"~EST

HARTFORD, CONNECTICUT

resiatance wire ;woun"
on insulated aluminum strip
and hnbedded in cold-seUillil
inorgani ... cement. Ccranlic eaS:ing. Graphited-col.per 8hoe. Tripod~otor. Smooth. ,.00,itiv .. operation. COD1pal"ativc [COlt." invited.
25-watt rating. I'o,mlsl' reaialanee values.

*

Right: Wire-Wound CoDh'ola
Identical ·to tit.,.., ulled .". U. S.
Govt., BeD LaINo., G. E., NBC,
Columbia, Crosley · and other
critical buyen. Thoroughly de. .ndahle rheostats or potentiometers for delicate conh'ol P'. - yet eapable 01 handUDg
considerable current. Ad-ASwitch. 1 to 180.000 obma. AU
tapers. Dual and triple typeal
fadera; L-~ T-pU8, mIS~
etc.

resisto.... aud baIahown ;$ a typical
QU'Clllltilt job - a general-utUity
tt line-volti.ge-droppinlJ
.....tor with plug-in cord aud
Ediaou female receptacle. ClaroIIlat liDe ballaats regulate appHed voltage within narrow Ihntt. despite wide line-voltage
8aetuatioWl.

*

Greenobma - superior iuor"auie-cement-eoated power
resistors in the characteriatie
IJreCD finish - are now found in
the very finest assemblies. Check
thia staleDlent for yourself! 10 to
200 watts. Fhed or adjustable
(Rilfhd. Abo in Non-Inductive
Series Z (Left) in 10-, 25-. 56- and
lOG-walt, all popular resistance
values.

ADIO 'rELEGRAPH APPARATUS

"y
-ORLD'-~~
S CHAMPION RADIO
TELEGRAP I '
m7i1'i1'Ir
ManujacLuH'd

AUTOMATIC EQUIPMENT lor TRANSMITTING and RECEIVING

Write for .heet descrlbln, Mlc'. nloundln, device which eutomilicolly keyslocol oscillator or Inolher Inn.mllier on Ihe Incoming .I,nol. III. po.illv""
em.. in,! RETRANSMITIER, Model No. 1400, S75.00 nello operelor complele, nolhing el.elo buy.

MAC RECORDER
Rel.sy for extern.sl keying is .sctu.sted
by RCA·923 photo tube in cir·
cuit usin~ two 117Z6GT .snd one
117N7GT. Employs ordin.sry ink
recorder slip. E.sch roll of slip runs
.sbout one solid hour .st 20 words per
minute. Slip is on 400' 16mm. reels.

$29.50

MODEL PCT811A at •••
V.sriilble speed t.spe puller for either
Auto or Recorder.
MODEL CTP1300 at ....

$29.50

MASTER TONE SOURCE
Designed for Government r.sdio op·
eriltor schools. Finest combined .sudio
oscill.stor .snd .smplifier currently
economicillly .svilil.sble. About ten
Wiltts output. Tone control; volume
control. Output m.sy be keyed by ilny
number of keying devices for .sny
~h~~:;. of groups of student heild·
MODEL G.700 at .....

$29.50

Commerciill qUillity ink recorder for
d i rect coupling to rildio receiver.
Equipped with heilVY pen for desired bl.sck line for running through
Milc Auto if desired. Perfect recora·
ing speeds beyond 200 wpm. Model
RRD900. Lower priced model AR900
turns out excellent slip direct from
receiver or by locill keying but good
only for .sbout 50 wpm .
MODEL RRD-900 at ••••
MODEL

$75.00
AR-900 at ..... $29.50

WRITE ME FOR COMPLETELY DESCRIPTIVE MIMEOGRAPHED SHEETS ON All ITEMS

GOVERNMENT SCHOOL TYPE COMPLETE UNITS G813 AND G913 @ $75.00 EACH
G·B13 consists of the PCTB11 A ilnd CTP1300 with
motorized tilke up reel, .sll mounted on one b.sse.
G913 consists of the AR900 .snd CTP1300 with motorized
take up reel, likewise illl mounted on one b.sse. Ink
recordings of student sending milde with G913 m.sy be
run through GB13 to correct errors .snd improve sending.
6S rolls of prdctice slip for GB13 immedi.stely dVdil.sble,
e.sch roll runs one hour .st 20 wpm . Rolls 51 to 65 .sre
U. S. Army trdining rolls .snd highly desir.sble for Army,
Ndvv or NY A schoo ls. Rolls $1 .00 edch.

• The Amazing OSCILLATONE
More th.sn 10,000 oscill.stors built
for operdtors during the p.sst four
ye.srs .snd one improvement dfter
dnother hds MnIllly culminilted in "
genuine mdsterpiece.
_ Be.sutiful pl.sstic c.sbinet devel.
oped by the Silme artist who deSigned the "Super Stre.sm.speed."

_ AC-DC oper.stion.
_ Complete with built.in
ducer.

repro-

- Toggle switch gives choice of low
or high volume.
_ Choice of 600 or 1000 cycle
note.

Truly an outstanding piece of equipment that belongs on
every operator's desk.
MODEL No. S700-NETTOTHEOPERATOR

55.95 tts~~~f7J~~~

OSCILLAFONE MODEL No. CR.700 @ $2.85 net to the operator.
An exceptionally fine quality speaker designed expressly for key·clickless
dots and dashes. Housed in this same pretty plastic cabinet.

100 BROOKLINE AVENUE

ing dbility in the reldio-telegrdph industry . . . with their
combined efforts coordindted under the styling genius of
one of Americel's outstdnding design drtists. See it! Hdndle
it! You'll hdve to own it! Combining beduty dnd utility in d
most striking fdshion, this reldicdlly new, semi-dutomdtic key
is the Idst word in operdting edse. Fdst, rhythmicdl Morse
is el reel I pledsure with this key.
• Stredmlined bdse of specidl dense dlloy. Wt. 4 Ibs.

NEW
SUPER
STREAM-SPEED
S-6OO.pc
$11
PI.finum Conf.cfs
S-600·SC

Silver Contacts

•

• Tedr-drop shdped bdse mdkes it immovdble on tdble.
• Hedvily chromed with bluish tinge to prevent glelre.
• Stdinless steel coil springs dnd bedrings.
• Beryllium copper melinspring dnd U spring.

85

• Bronze bedring screws,

9.50

• Bronze dlloy pigtdi!.

Into this gorgeous speed key hds gone Mdc's 30 yedrs
operelting experience supplemented by the finest engineer.

PROFESSIONAL MODELl MAC KEY

MODEL
No. P500

, $7.50
NET TO THE
OPERATOR

Designed to conform with
United Stdtes NdVY speci·
nCeltions for "speed key."
It is just
whdt its
ndme implies: A
fine Professionell
Operel·
tor'smodel
Melc Key.
Bdse 3%"
x 6Yz" x
%" thickness. Bedutifully bldck wrinkled over
Pdrkerized bdse cdsting. Cdrefully designed super-structure, simildrly finished.

Chromed puts, circuit closer, bdkelite insuldtion, 3/ 16" silver contlicts. A
key th,d will thrill dny fdd io or telegrdph operdtor.

AMA lEUR MODEL, SPEED KEY, A-'IOO @, SS.9S
A senuin. commercial or amateur r.dio operato,.' .peed key 01 such
quelily 1""1 you'll Rnd it dilRculllo r... li.e Ihe price I••0 low.

AC-DC AUDIO OSCILLATOR
$2.85

Net to Operator
Minus Tube
Uses 117N7GT
An oscilldtor fully dS good dS my
dmdzingly good Oscilldtone, except smdller housing beceluse no
spedker. Electronicdlly keyed
which medns limitless speed elnd
cledn keying. Uses 110 to 120
volts, either AC or DC. Connect
jumper wire dcross two redr
termindls for spedker volume.
Termindls: 2 right for key; 2 left
for heeldphones.

100 BROOKLINE A

• Bdkelite insuldtion throughout.
• Molded pldstic dot pdddle dnd ddsh button.

DELUXE MODELl STREAMKEY
No. 300
at $2.85 net
No. 200
at $1.80 net
No. 100
at $1.00 net

Beelutiful tedr-drop stredmlined bdse with hedVY bluish
tinged chrome. All pdrts chromed, Finely bdlelnced key
lever. 3 / 16" contdcts, deSigned expressly for these keys.
These pretty Streelmkeys hdve d "feel" thdt mdkes good
Morse edSY for elny operdtor. BB-300, bdll bedring bdlelnced
lever; BS-300, bronze bedring screws. Sdme price.
PROfESSIONAL MODEL, some key but bose "block wrinkled."
BB-200 or BS-200 some price. AMATEUR MODEL, neorly the s.me key,
th~t is, using ~me lever and cont4cts. Pretty pldstic bdse, c.dmium ~rts.
Bronze b84ring screws. Stocle depleted "nd delive ries stop .Mnudry. New
5-100, met.ilizad seeper-plostic, .t $1.35 will reploce this 100.

Battery Powered AUDIO OSCILLATOR
MODEL No. B·700
Net to Operator

$1.80

Minus Tube and Batteries
Uses 1Q5GT
Selme pretty plelstic celbinet dS
Model A-700. A remelrkdbly
good eludio oscilldtor giving d
bedutiful cledr 1000 cycle
note. Uses 11;2 volt for A
bdttery dnd 221;2 volts or 45
volts B bdttery depending
upon volume desired. Terminells: 2 right for key; 2 left for phones or spedker. Rear
terminclls, left to right: B plus, B minus; A plus, A minus.

BOSTON, MASS.
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IQueridos Senores! I
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"THE RADIO

AMAT~R'S

HANDBOOK" se

puede ahora conseguir en lengua espanola traducido
p~r la Revista Telegrafica de Buenos Aires, Argentina, reconocida como la mas antigua establecida y la
mas imporlanle publicacion de lileralura de Radio en
Sudamerica.

EI "Handbook" (Iibro manual) esta reconocido
como ellibro modelo en su clase. EI p~r tanto tiempo
esperado y sugestionado libro manual (Handbook)
estamos seguros que su edicion en espanol encontrara
una acogida extraordinaria. Ha sido cuidadosa y escrupulosamente traducido. Ha sido impreso en una
imprenta que esta reconocida como la mejor de
Sudamerica.
Nosotros estamos orgullosos del hecho que la Revista
Telegrafica haya producido este trabajo y estamos
seguros al mismo tiempo que es una contribucion
notable para la literatura tecnica en la lengua espanola.
Se pueden conseguir ejemplares en "The American
Radio Relay Leagu~, West Hartford, Connecticut,
U. S. A." a $1.50 cada ejemplar, franco, 0 si es mas
conveniente directarriente de la Revista Telegrafica,
Peru 165, Buenos Aires, Argentina, a cinco pesos, en
moneda argentina.

e

AMERICAN RADIO RELAY LEAGUE
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BIRNBACH

A

lor

~=

C ABL ES-WIRE-CERAMICS
TRANSMISSION CABLES

FM AND TELEVISION ANTENNAS
(ADJUSTABLE)

Guul.. HI Call.. willllllldle n II
I KW.2 NI. U CndllCllR n IIHIs
sU'I' l.pe~ ..CI wtt. WIll.....
b,ald DYIfIIl wtt. lllcalllis •.

Tbe "'''1l1li IInslll II ellllslll p,.1
IIIIIIIUII lillY lublS ADJUSTAILE 11111
~DlIdis betweel II lies, lid 41 .es.
II"III~ II bll.llI~a law MS."'IIIIm'

perCl11i1 S1llddllSull1IIl.li~ IIIIIIIIIM
lis eIIIdltlCJ .Im III .nlm CIId1dlllll.
UI.I"IIIII'~

_tlledll'il lIelby tha

IIrIII •• d'i SI,,*,1. CIII,t,l, wit.
11I11III.. pillS I. StIli Clllllft ...

1Z Ihm III ,ubber ••l1ba,,,.1. 2 NI.
II slraldld I. F' M II~ Telnlsl..
Racal", II~ MIS" Aatll" IplellS.

Usl

PrIce

NI.
14~D ••bl"

142-01l1li1" wll."ftlel.

MULTI CONDUCTOR CABLES
lubber Jac"lId C'ystll IIICftII .....
ClbIIIllYl.. II. 1_ ..1111111111 3
lid Ilpll t"es hi .\15
Ind .I51I1iL

SUI
11.1.

PORTABLE DOU8LET

sillS• . 211 ~I.

(FOR TELErlS/ON OR FM)

SlIIelded Iallbll Mlcrlpbell Cabl'
IIIlIlbll Ir.. 2 111 ClldlCllrS. U..
SllllldH I". 2 II • CIIdlctars. All
nWl I 11111. Rabbis Jac"l 0..111.
tlHefy CI~"II 2III. CI1Id.ctII ..lI~
Ibilin 3 tyPIS. CIII.. brlld. sllill.d
IVlllllln~ CIItII brld "If 1l1li".

AI IdjlSlJllla 1II.lllllII CIII h 11111.. II '1, ~..'n al ,.11II1•• al. AlIIIII ••
• IIIy
",11111111'• • •ad..1.
tIpIII~ IlCl lusli..s IIII~ IICl
SICdIIII , _ 11.,1, l, I...... ,111M.. , ....
F'.... acy ..... II Mcs.
NI.
USlI'rtCI
0,..
Ttlml,d
151 . . ... .. .. .. . .... . SUS ........ . . . ....... Il ... . .. .... 155
1&1 ..... . .... .... .SU5 ....... .... ....... 4... .. .... .. 15

"*'..

DII1I1erIlY l1li11 nlil... II bPJ lid
IIlht dlly IIIIIIIIr wll. plill II~
jacks III IIlIplell _ ..I,.

CERAMIC

1' $fed.,

INSULATORS

FEED THRU INSULATORS

STANDOFF INSULATORS

·0' t
I:::!
.:

.

.

lUCITE
FEEDTHIU

'C

;-

"

CORRUGATED
FEEDTHRU

FEEDTNIU

STUJlT[
IUTTON

METAl
IAU

AI..a selectlll IllyptS If "I~ tflrllus.'.t.! willi lIItllllr.. %-114 y,- ,1111
u~ will lacl 1111111 .dlll... tl tll 1111, IICII", .,... " GlIIId ,........
'1ICIIu. S......., ladle liftS cWel If IHllaII1I ..
..,1AtIN. All
_ callfl." will
NP _~ ....

"lIS

If.,

SEE YOUR DEALER FOR A COPY
OF OUR 1941 CATALOG

nEATlTE

STANDOFF

PllLAI

CONE

E,., ...... type II SIIHd IIIIfItIr II • ,,,,1 If btlllIts hi W 'a 4W
,1111 "' wltII jac:l lips. HlI'" .... ~ 1ft ...... IlIId . . . . . .,
SIIdII I....... " ..,... wltII brass .... '1IId _,....

'.sutator..

A."n..
Spread..... A.....INI wlr.. Sock.ts.
H.rdw.r•• T.st LHd•• J.cks ud
Hook., wlr••

r.

....._ _ _ otII... ,. . . . .

"..g•.

1I...d.

BIR NBACH RADIO CO .• Inc.
145 HUDSON STREET, NEW YORK. U.S.A,
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(or
'Prepare }'

NATIONAL DEFENSE
Although Our Part Is Very Small We Will Do
It as Though the Entire Program
Depended Upon Us!
All those of the selective draft age
should prepare themselves as much
as possible and as quickly as possible to render technical service.

Radio telegraphy rates high in
importance in every phase of
national security.

•
MASTER THE CODE
with

ALL
ELECfRICALL Y
OPERATED

MASTER TELEPLEX

JIISI P/lIg II III

THIS TAPE was made on MASTER TELEPLEX

"y "Bu," sendin,

YOU CAN'T GO WRONG WHEN YOU CAN SEE WHAT YOU ARE DOINGI

THERE IS ONLY ONE WAY TO LEARN TO RECEIVE THE CODE SIGNALS
AND THAT IS BY LISTENING TO THE SIGNALS. THERE IS ONLY ONE
WAY TO LEARN TO SEND THE SIGNALS PROPERLY AND THAT IS BY
BEING ABLE TO SEE AND HEAR YOUR OWN SIGNALS.
WITH MASTER TELEPLEX YOU LEARN THE CODE IN THE NATURAL,
EASY, FASCINATING WAY. THERE IS NO GUESSWORK BECAUSE YOU
ACTUALLY SEE AND HEAR WHAT YOU ARE DOING!
Learning to send PROPERLY is more difficult than learning to receive. Most
people think sending is easy. Well, just ask the fellow who tries to receive it!
How do you make the letter" C"? Of course not like the third one shown below.
But you might be surprised! Actually; most professional operators are astounded
to see their sending recorded on MASTER TELEPLEX.

----

_._. _. _.

MASTER TELEPLEX will show you exactly how you make the letter "c" and
all the rest of the characters. And it will show you how to make them correctly!
CATALOGUE QB EXPLAINS FULLY THE MANY INTERESTING AND
FASCINATING FEATURES OF MASTER TELEPLEX. It II/s() 1i.1s thrt. oth.r
Iyp•• o/Cod. T.llch.r•• l'l$l Ulfa" PO$l Cllre/ asI;;II,/orclltil/olll' QB. No oh/;,IIt;O/I.

TELEPLEX CO.

67 -69 Park Place
New York City

In Cal/ada Write CANADIAN ELECTRONIC INST., TORONTO, ONT.

HANDBOOIC
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HIGH POWERHIGH FREQUENCY

FOR REMOTE
CONTROL
0

••••

A transmjner using one
RJ(.;H will operate an
RK· 62 receinr over
considerable distances
(or control o( model
airplanes, boau, etc.

Tantalum clements, heavy
filaments, long Ii(e. Over
500 watts (rom either type
with ooly 6 walls drive (Or
the RJ(·65.

GENERAL
PURPOSE
RECTIFIERS
RK-60 .•••• $2.75
866 ....... $1 .50
866 now carries
10,000 vollS rating!
For many lower
power

RK-65
Tetrode
$34.50

RK·63
Triode
$22.00

RK·34..
$3.50
RK-62.. ••••. $3.50

HEARING AID TYPES
CJ(·501
CJ(·50l1
CJ(.503
CJ(.50<4
CJ(.505

Volto,. AlllpliR.... . ...... $3.00
Cry,,"1 Phon. Output. . . • . 3.00
Ma",etie Phon. Output. • • 3.00
Crystol Phon. Oulput . • • •• 3.00
Vol...,. A .. pli...... ••••. • • 3.00

reQ,uiremeol.t

usc high vacuum typC
RK·60.

TYPE
RIC.1I0A
RK·lI3
RK.lIS
RK· lIIA
RK.'"
RK.3'
RK·19
RK-41
RK-47
RIC·... A
RIC-49
RIC·51
RIC·51

Powe,
Outpu/*
I ..

u
u

150
16
U5
36
36
111O
lISO
15
170
U5

AIII<lfeu,
Net
515.00
".50
3,95
lII.50
3.50
U .50
' .50
'.50
17.50
17.50
1.15
6 .95
6.95

TYPE
RIC·56
RK.57/105
RK.59
RK-60
Rk-6l1
RIC-63
RK-6<4
Rk-65
RIC-66

166

I66A
UIA

* c.C.S. (Continuous Commerci.1 Service R.otins.)

Powe,
Oulpu/*
n .5
115
III
600v·1I5O" ••
515
10
510
<40

M_....,
V_
Rectifl...

Alllateu,
Nel
53.00
13.50
".50
1.75
3.50

lIt.oo
'.50

3".50
3.50
1.50
1.50
11.00

RK·39 ••••
RK·59* ••
RK-64*o
RK-66*o

0

0

•• 0

••••

0000000000

0

0

0

0

0

0

0

o.

0

0

0

0

0

0

0

0

00 0

0

0

$3.50
4.50
3.50
3.50

It''or practically a ll mobile: rCQ uireme nu. c om bin ations of t he q uick

r~~~ lrtft~~c~~-S~;IU~'~I!'t a'~1

RK-39) will be fo und most etlicicnt.

MICROPHONES
EACH SCIENTIFICALLY DESIGNED,
BEAUTIFULLY STYLED AND
ENGINEERED FOR YOUR BETTER
PERFORMANCE AND DEPENDABILITY

22X
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CEDAR RAPIDS. IOWA
Please send me Free Detaila
on Model .... .. ... .. .......... ..

I

Name., ... . ""'" "'" ., •

I

I ........... ... ........ ........ .

on Any Models -

Use the Coupon

. ......... .. .. ... . .. . .. ...

I Address ............ .. .. . . .
I .. .... .. ........ .... ..... .
I City . .. . .... ..... .. .. .... . .
I State ................. ... ..
I

_ _ _ _ _ _ _ _ _ ,_ _ _

Cry".hoUcensed UnderPaunuo(
Th< Bl ush Deveiopmen....;.
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CO..;;..
._
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Mod.. 321

Mod.1327·A

IN TRIPU:IT'S complete line of instruments, you can
always find the answer to your amateur station and
experimental electrical measurement requirements.
Panel instruments and portable types are available
in more than 26 case styles - round, square and fan.
Panel instrument sizes are from 2" to 7" inclusive;
with rear or front illumination optional. Included in
the line are Voltmeters, Ammeters, Milliammeters,
Millivoltmeters, Microammeters, R Meters, Thermo
Ammeters, Decibel Meters, Volume Unit Meters,
Electrodynamometer type instruments and Instru·
ment Relays.
Each Triplett instrument has two genuine sap·
phire jewel bearings and incorporates every refine·
ment marking the most approved instrument
building practice. D.C. instruments are the D'Arson·
val type with an extra light moving coil; magnets
with pole pieces aligned to permanent _precision
accuracy; trussed metal bar bridges. A.C. instru·
ments are the movable double iron repulsion type,
with interchangeable coils.

Model 529

Mod.1446

A Few Typical Barsains
Models 341 (3" round), 317-A (3" square) Thermo
Ammeters - Ranges 0-.5, 0-1, 0-1.5,0-2.5 and 0-5
Amps. - with internal couples .... $4.50 net each

Mod ..!s 311 (3" round), 317-A (3" square) D.C.
Voltmeters, 1000 ohms per volt. Provided with spe·
cial external metallized multipliers on bakelite strifl.
Ranges - 0-1000; 0-1500; 0-2000; 0-2500; 0-3000
and ()--.<w()0 . . . .. . ............... $8.67 net each

Models 311 (3" round) and 317-A (3" square)
Decibel Meter. Standard range, up 6, down 10.
$7.84 net each
(All p,(t". If" U. S.A.

Amate.,', Het)

Vacuum Tube VoI'melen and a complele lille
oj radio ,.,./ eq..ipment a/.sa are amilable.
Wrile Jor literalure

DESIGNED FOR YOUR REQUIREMENTS
THIS handy pocket.size Volt·Ohm-Milliammeter is a "mllst" item for every
ham shack. Has A.C.-D_C. voltage ranges to 5000 Volts, self.contained, and com·
plete facilities for Direct Current and Resistance analyses. A.C. and D.C. Volts
at 1000 Ohms per Volt 0-10-50-250-1000-5000 (compensated copper-oxide
rectifier provides for A.C. measurements); D.C. Milliamperes 0-10-100-500;
Resistance 0-300 Ohms, shunt type circuit; 10 Ohms readin a at center scale;
0-250,000 Ohms, series type circuit. Higher resistance measureu;'ents are available
by using external battenes. Selector switch for all instrument readings. Hand set
for resistance adjustment; no need to use screwdriver. Model 666·H has black
molded case and panel, completely insulated. Net Price ... . . . .. .. .. . .. . $14.50

Get Peale Efficiency with a Modulation Monitor
solved your problem of getting maximum
efficiency from your transmitter when you invest in
a Triplett Modulation Monitor. Triplett engineers,
worklDg closely with radio amateurs, have developed
this monitor exactly as you want it - to fill your
needs and fit your pocketbook.
And ... better yet ... it saves you money by
increasing your range without the added expense of
remodeling your transmitter. (Amateur experience
has shown that a properly modulated 10·watt rig
can he as efficient as a 50% modulated 4O·watt
transmitter.)
Write for technical details
YOU'VE

HANDBOOK
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For twenty-six years (and
thereby the oldest American
radio magazine) QST has
been the "bible" of Amateur Radio.

QST faithfully and adequately reports each month the rapid
development which makes Amateur Radio so intriguing.
Edited in the sole interests of the members of The American
Radio Relay League, who are its owners, QST treats of equipment and practices and construction and design, and the romance which is part of Amateur Radio, in a direct and analytical
style which has made QST famous all over the world. It is essential to the well-being of any radio amateur. QST goes to every
member of The American Radio Relay League and membership
costs $2.50 per year in the United States and Possessions.
All other countries $3.00 per year. Elsewhere in this book
will be found an application blank for AR.R.L. membership.

J he OFFICIAL
MAGAZINE 0/ the
AMERICAN RADIO
RELAY LEAGUE

pride in the appearance of their lay-out and wish to keep their
reference file of QST's in a presentable manner, appreciate the QST binder.
It is stiff-covered, finished in beautiful and practical maroon fabrikoid. Cleverly
designed to take each issue as received and hold it firmly without mutilation, it
permits removal of any desired issue without disturbing the rest of the file. It
accommodates 12 copies of QST and the yearly index. Opens flat at any page
of any issue.

teur techni
issues is al a

A file of several years 01 OST, kept in order in binders, is a most valuable ref.
erence library for any Radio Amateur.
1934 to 1940 copies, inclusive, complete, $2.50 per yearly set.
1925 to 1933 copies, inclusive, incomplete. Available copies of these years
furnished upon application.
All single copies, 25c each . Foreign add SOc for each twelve copies ordered.

-Price

Available only In United
St.tes end Po..... lo...

'I

POSTPAID

11.50 OunlDE
CONTINENTAL
U.S.A.

BUCKRAM BOUND
11.50 POSTPAID
SPANISH EDITION
11.50 POSTPAID

The Hanclbook tells the things which are needed for a comprehensive
understanding of Amateur Radio. From the story of how Amateur Radio
started through an outline of its wide scope of the present - from sug~es
tions on how to learn the code through explanations of traffic-handling
procedure and good operating practices - from electrical and radio
fundamentals throush the design, construction, and operation of amateur
equipment - this book covers the subject thoroughly. It includes the
latest and the best information on everything in Amateur Radio.
Universally recognized as the standard elementary guide for
the prospective amateur, How to Become a Radio Amateur,
features equipment which, although simple in construction,
conforms in every detail to present practices. The apparatus is
of a thoroughly practical type capable of giving long and
satisfactory service - while at the same time it can be built at a
minimum of expense. The design is such that a high degree of
lIexibility is secured, making the various units fit into the more
elaborate station layouts which inevitably result as the amateur
progresses. Complete operating instructions and references to
sources of detailed information on licensing procedure are
given, as well as a highly absorbing narrative account of just
what amateur radio is and does.

25e
POSTPAID
ANYWHERE

Amateurs are noted for their ingenuity in overcoming by clever
means the minor and major obstacles they meet in their pursuit of
their chosen hobby. An amateur must be resourceful end a good
tinkerer. He must be able to make a small emount of money do a
great deal for him. He must frequently be able to utilize the contents of the junk box rather than buy new equipment. Hints and
Kinks is a compilation of hundreds of good ideas which ameteurs
have found helpful. It will return its cost many times in money
savings - and it will save hours of time.

SOe
POSTPAID
ANYWHERE

A comprehensive manual of amateur antenna
design and construction, by the headquarters
staff of the American Radio Relay Lea,ue.
Eighteen chapters, proFusely illustrated. Hoth
the theory and the practice of all types of
antennas used by the amateur, from simple
doublets to multi-element rotaries, including
long wires, rhomboids, vees, phased systems,
u.h.F. systems, etc. Feed systems and their adjustment. Construction of masts, lines and rotating mechanisms. The most comprehensive
and reliable inFormation ever published on
the subject.

SOe
POSTPAID
ANYWHERE

poslpiJid
4f1ywhere

Before you can operate an amateur transmitter, you must have a government license and an officially assigned call. These cost nothing - but you
must be able to pass the examination. The examinations are based on the
multiple-choice type of questions. The "license Manual" has been written to make it as easy as possible for the individual to acquire the necessary knowledge to pass the examination with flying colors. Whether you
are going up for your Class ·C, B or your Class A ticket, "The license
Manual" will provide the most direct path to getting that ticket. If you are
one of the thousands who always wants a "license Manual" around the
shack for ready reference for amateur regulations, it wi II please you to know
that the regulations are very thoroughly indexed.

An introduction into Amateul Radio-telephony.
Written for the man who has a class C or class B
license. A companion book to "How to Become a Radio Amateur." Contains simple description of the process of modulation and principles of good design for 'phone. Description of
inexpensive low power transmitter and modulator, with complete operating instructions plus
some antenna dope of particular interest in 160and 10-meter operation . It tells what a new or
inexperienced ham should know before attempting to use 'phone.

A.R.R.L.

Amateur Radio
MAP 0/ the World
A map entirely new in conception and design, contains every bit of
information useful to the radio amateur. A special type of projection
made by Rand, McNally to A.R.R.l. specifications. It gives great circle
distance measurements in miles or kilometers within an accuracy of 2%.
Shows all principal cities of the world; local time zones and Greenwich;
WAC divisions; 230 countries, indexed; 180 prefixes, districts and subdivisions, where used; and U. S. examining points. Large enough to be
usable, printed in six colors on heavy map paper, 30 x 40 inches.

'1_ 25

POSTPAID

Two

HUNDRED METERS AND DOWN
The Story 0/ Amateur Radio
by CLINTON B. DESOTO

A detailed, accurate presentation in full book length
of all the elements that have served to develop the
most unique institution of its kind in the history of
the world. A book of history but not a history-book,
TWO HUNDRED METERS AND DOWN: The
Story of Amateur Radio tells in spirited, dramatic
fashion the entire chain of significant events in the
development of the art.
Approximole/y 200 pogos, 90,000
woras, wilh aurobl. imilolion leother
,.cI
pdper cover

D./uxe .ailion bouna

in blue clofh

'1. 00 '2.00
POSTPAID

POSTPAID

Aware of the practical bent of the average amateur and knowing of his limited time, the
League~ under license of the designer, W . P.
Koechel, has made available several calculators to obviate the tedious and sometimes
difficult mathematical work involved in the
design and construction of radio equipment.
The various lightning calculators are ingenious
devices for rapid, certain and simple solution
of the various mathematical problems which
arise in all kinds of radio an? allied work. They make i~ possible to read direct ans~ers witho~t struggling
with formulas and computalions. They are tremendous lime-savers for amateurs, engineers, servicemen and
experimenters. Their accuracy is more than adequate for the solution of practical problems, and is well
within the limits of measurement by ordinary means. Each calculator has on its reverse side detailed instructions for its use; the greatest mathematical ability required is that of dividing or multiplying simple
numbers. All calculators are printed in several colors and are wrapped in cellophane. You will nnd
lightning calculators the most useful gadgets you ever owned.

RADIO CALCULATOR
T,peA

This calculator is useful for the problems that
confront the amateur every time he builds a
new rig or rebuilds an old one or winds a coil
or designs a circuit. It has two scales for physical
dimensions of coils from one-half inch to nve
and one-half inches in diameter and from onequarter to ten inches in length; a frequency
scale from 400 kilocycles through 150 megacycles; a wavelength scale from two to 600
meters; a capacity scale from 3 to 1,000 micromicrofarads; two inductance scales with a range
of from one microhenry through 1,500; a turns·
per-inch scale to cover enameled or single silk
covered wire from 12 to 35 gauge, double silk or
cotton covered from 0 to 36 and double cotton
covered from 2 to 36. Using these scales in the
simple manner outlined in the instructions on
the back of the calculator, it is possible to solve
problems involving frequency in kilocycles,
wavelength in meters, inductance in microhenrys
and capacity in microfarads, for practically all
problems that the amateur will have in designing
- from high-powered transmitters down to
simple receivers. Gives the direct reading
answers for these problems with accuracy well
within the tolerances of practical construction.

,1.00

POSTPAID

OHM'S LAW CALCULATOR
T,pel
This calculator has four scales:
A power scale from 10 microwatts through 10
kilowatts.
A resistance scale from .01 ohms through
100 megohms.
A current scale from 1 microampere through
100 amperes.
A voltage scale from 10 microvolts through
10 kilovolts.
With this concentrated collection of scale,
calculations may be made involving voltage,
current, and resistance, and can be made with a
single setting of a dial. The power or voltage or
current or resistance in any circuit can be found
easily if any two are known. This is a newly-designed Type B Calculator which is more accurate
and simpler to use than the justly-famous original
model. It will be found useful for many calculations which must be made frequently but which
are often confusing if done by ordinary methods.
All answers will be accurate within the tolerances
of commercial equipment.

,1.00

POSTPAID

WIRE DATA CALCULATOR

DECIBEL CALCULATOR

Type C

TypeD

Makes instantly available information on electrical conductors which would require hours of
work and access to many textbooks. It has scales
for dia. in mills, Stubbs and B&S wire gauges,
current carrying capacity in milliamps, turns-perinch and turns-per-centimeter for all kinds of
insulated and bare wire, and a current-carryingcapacity scale for weatherproof and rubberinsulated wire . It gives turns per sq. in ., ft. per
lb., ohms per mi., ohms per km ., ohms per 1000',
volts lost per 1000' per amp., current carrying
capacity at 1500 cm. per amp., Ibs. per 1000',
Ibs. per mi., approximate tensile strength, ft.
and meters per ohm, circular mills, equivalent in
sq. wire. Nichrome, manganin, nickel, brass,
aluminum, copper and silver wires are covereCl
by these scales.

With a scale each lor input and output level in
current or voltage or power, and a transmission
loss or gain scale for either voltage or power
ratio plus and minus 120 or 60 db., this calculator may be used in determining decibel gain or
loss on four types of problems. When input and
output voltages are known, when input and output currents are known, when input and output
power are known, or when input voltage to
receiver and output level are known. The decibel
calculator gives an instant and clear picture of
what a decibel is - its relation to power and
voltage. Anyone having anything to do with
amplifiers, transmission lines, directional antennas,
etc., will appreciate this calculator.

50c

50,~ POSTPAID

POSTPAID

RESISTANCE CALCULATOR

PARALLEL RESISTANCE
SERIES CAPACITY
CALCULATOR

Type F

TypeE

This calculator makes an ohmmeter of your
voltmeter. With it, it is possible to measure the
resistance of a resistor or circuit by using any
voltmeter with a known voltage source of from
1 to 300 volts, such as a "B" battery. Has a
'ilnge from 1 ohm to 1 megohm.

Solves easily an always confusing problemthe total effective resistance of two or more resistors in parallel, or the total effective capacity
of two or more condensers in series. Direct
reading answers for condensers or resistors of an y
size. A simple calculator but very useful.

50c

POSTPAID

50c

POSTPAID
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The operating supplies
shown on this page have
been designed by the
A.R.RL Communications
Department.
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MEMBERSHIP

Stationery and Emblems are avail.
able only to A.R.R.L. Membe",

TH E AMATEUR'S BOOKSHE LF
A balanced selection of good technical books, additional to the A.R.R.L. publications,
should be on every amateur's bookshelf. We have arranged, for the convenience of our
readers, to handle through the A.R.R.L. Book Department those works which we believe to be
most usefu I. Make your selection from the following, add to it from time to time and acquire
the habit of study for improvement. Prices quoted incfude postage. Please remit with order.

RA DI O THEORY AN D ENGINEERING
FUNDAMENTALS OF RADIO. by R. R. R01'rue), . .-\ rC\'iaionof the
author's work which hal;! tong been a favorite with amateurs and es-

~J~~~~t~~~ .. ~~~ .I:~~~~: .~ ~ ~ .~~\.1~~8: • ~~ • ~~~~I~~~ .. ~?~. ~i~~54

RADIO ENGINEERING, by F . E. Terman. A comprehensive treatment con'ring a ll phase" of radio communication. An all-around book

i9J1~l~~~~t~. ~I~~ . ~~~i_n.e.e.r~ •. ~.l~. ~)~:. ~~~ .i~l,u.s~~~~i~~~: .2.~~ .~l~~;o
ELEMENTS OF RADIO COMMUNICATION. by Prof. J. H.

A-Iar~(rofl. By the author of the well-known ""rinciples," It is about
hali the ~ize of the lan::cr work. and the subject is trealed in a more
elementary fas hion. Simple algebra is sufficient. An excellent book
for the "first-year" ~tl1dent. 286 pages, 170 illustrations. Second
edition. 1934 ...........................................

$3."

PRINCIPLES OF RADIO. b), K.ith H •••• )'. Thi. book is chockfull of meat for the experimenter. The subjects treated range from
the fundamentals of ch..-ctricity to the modern concepts of modulation
and detection. -1.95 pp., 311 i1Iu~trationl't. 3rd Edition, 193M .... 13.50

COMMUNICATIOS ENGINEERING. b), W . L. E".,iII. A general
text for both fil"st year and advanced courses. Complete treatment of
network theory. including mathematical analysis of radio circuita
and tube operation. 727 PP., 411 illustrations. 1937 .. ........ 15.00
ENGINEERING ELECTRONICS. by Donald G. Fi.k. Co\'en the
field of electronic tubes and their applications, including not only
radio but the other fields into which vacuuln-. ~as-fil1cd and photosensitive tubes arc (lenetl"ating. Includes theory and design; only

~~jAi.v.e~~ ~i.~~~~ ~~~~~~.a.t~~s. ~~~~i.r~: .3.~~ ~~~~~~ 217 il~l~8.t~~1i~.5f

~~';:.?nAo~f~~~~h~r~t;·:~?oI~:':(..~~~g~~::i~i.· .;~~Dii~~c~;e'::t

ment and intended for readers of limited. mathematical ability.
Suitable as a text for an introductory course in radio, and features
problema for classroom work.. 458 pqea, 278 illustrations. lr~,85

ELECTRICAL ENGINEERS' HANDBOOK, ELECTRIC COMMUNICATION AND ELECTRONICS. b}' H. Pender a"d K.
Mclllllai,.. A C'omprehenllive handbook covering the field of com-

ffi~~:~!~:~~~. tr~:~d\\~~t~n~ [~A~'. ~~~ .t!.'~~t~~~I.c~: .I.~~~ .~~~e.3$l:A

RA DIO EXPERIMENTS A N D MEA SUREMENTS
MEASUREMENTS IN RADIO ENGINEERING. byF. E. Torma •.
A colllDrehensh'e engineerin/.( discll&tion of the me38tlrement problems encountered in enJ,tinecring practice, with emphasis on basic
J)rinciple s rather than on methods in detail. Includes an a.l!pendix of
outlines for lalx>rator)" experiments and a comprehensive IOdex. 400
PBRe14. 20S ilIu stratiol1:1. 1t)35 ............................. 14.0'
THE CATIIOnE-ItAY TUDE AT WORK. by Jolin F. Rider.
Devoted to ca tl lodc-ray tuUe theory. sweep circuits, a.c. wave pattcml:t aud descri ption of cununcrdal ol'CiliolfCOpe unite inciudina
actual phutograph14 of Screen patlern~ represcntin" about every condition likely to be encountered in audio- and radio-frequency am-

~~~~!~~j40i~1~~'lt~~ri'~I~~~.. ~~I~~~C.t~. ~~~~i.v.e~~. ~~~. ~~~~~~.i~~~r~S2~~i

~lt?':~~~~~l~J~~~~oo~!~!!{~~~~n~ a"l'a:c~ul~bo~~rdy
nJ~111!~t~~~1~~~~ IJj.r.~~ ~~. ~~~~o.-~~~c.t~~~ ~~~~~~~~~~i~.~s: ,~~~f.~.

EXPERIMENTAL RADIO ENGINEERING. by Prof. J. H.
Morecrojl. An excellent laboratory text directed I'Ipecifically to emphasizing the principle .. involved in the oPt-'ration of radio avparatu8
and intended u a companion to the same author's "Principles."
Following an introductory chapter on instrument-;; and accefUtOrieti.
51 choice experiments are outlined. 345 pp .. 250 iJ1u!!tration8, 1931.
53.51

~t~!I~~~:-~~rn~:e:.~\h'i: 1:~Q{a.!;a~~:~:~~i~l.Ad::::I~b~~~

132 experiment!l de8iRned to bdn$( out the principles of radio theory,
instruments and measurements. 196 pagel!, 167 figures. Fourth edition.19J7.... ................ . ....
. ...... $2.75

RADIO FREQUENCY ELECTRICAL ME!I.SUREMENTS. by
HNK" A. Brou'N. A laboratory collrse in r.f. mcasuremenh for communications students. Contain. much practical inforDlation on methooa of measurement. 384 pages, 177 il1u8tration..~. 2nd edition. 1938.

COMMERCIA L EQUIPMENT AND OPERA TING
PRACTICAL RADIO COMMUNICATION. by A. R. Nilso. and
J . L . lIun",,,/{ . .\ new moderu treatment meeting the expanded scope

of technical req uirements in the varioulA ("ommercial fields. The fint
six chaPter~ arc uevoted to princivlcs. the remainin" nine to latest
practice in broadcasting, 1.tOlice system, a\'iation radio and marine
communication. Includes an appendix of tabula.ted data and a complete topical index. 754 pagel'. 435 illustl"3.tiona. 1935 ........ 15."
THE RADIO r.,'I .-\NUAL. byCeorge E. Sle.r/i,., . ..\n escellent practical
handbook. especially \'aluable to the commercial and broadcast

~ra:~o~f ;~l:li;~~~r!~~. ~ ~~I~I~:~~t~J~9i 1"20t~~~~~~38~~~~t.t~s. sl.~

RADIO TR.\FFIC MANUAL AND OPERATING REGULATIO!'JS. by IJIWC.(J" a,rJ DrrH'. A book for ~tucJentlf. amateur. or radio
opcratorg who contemplate cnterinll the commercial field; it will enable rOll to lea rn quickly and easily all the government and com mel"cial traffic rules anfl operating regulations. 187 DP., 1929 ..... $1.00

..."

RADIO OPERATING QUESTIONS AND ANSWERS. b}· NilSON
and Hon'''''K. Gives the anHwer8 to the paraphrase questions in the
F.C.C. »tudy auide. including all six elements of the commercial
examinatioDtl. The old sland-by of the would - be commercial operator,
DOW completely modernized. 415 pages, 87 illustrations. 7th edition,
1940 .................................................. $1.51
RADIO OPERATOR'S MANUAL. by /lle Radio Depl .. G. E. Co.
Primarily a manual to qualify an applicant for the radiotelephone
clB.83e" of aicenM (including volicf'), but at$> provides material of
general interest to IIscrll of commercial radio eQuipment, 194 paaes,
56 iIlustrationa, 4th edition, 1939 .....................•• , .$1.00

M ISCELLA NEOUS
THE RADIO AMATEUR CALL BOOK. List. all U. S. and (ore:gn amateur radio station~, S.w. commercials and broadcaatere.
SI.U (Foreian SI.35)
MAKING A LIVING IS RADIO. by Z •• Bouck. A worth-whil. book
for the radio amateur who i" conliliderinK; enterina the commercial
radio field in its many brauches; explodes the bunk, points out the
pitfalls. 221 pagcg, 2$ illustrations . .
. .......... 11.00
RADIO DATA CHARTS, by R. T. Beall.v ..\ series of graphic charta
for solving, without the 1I!le of matbematkll, moat of the problema
invoh'cd i'n recci\'er design. 82 lJP., 8.1.4" x II. , . _............ $1.50

PRINCIPLES AND PRACTICE OF RADIO SERVICING. by
H. J. Hicks . .-\ combination of the tYlJical radio textbook deanng
with fundamentals and the practical information of the serviceman'.
manuals. 305 paae~. 211 illustrations. 1939 ............. _... 13.~

SERVICING RECEIVERS BY MEl.. NS OF RESISTANCE
MEASUREMENTS, b)'J.F. Rider. 203 pp .• 9-1. il1u9tl"3.tions. An ex~
cellent book for the service man and amateur constructor .. . $1.'0

A M ERI CA N RA D I O RE L A Y L EAGUE , IN C., W EST HARTF ORD, CONN ECTI CU T
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Pieza-Electric Microphone. • . . . . . . . .. ........... 100
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Plate Detection.. . ... ........... ... . ....
.44,51
Plate Keying. . . ... .... . . . .. . .. .. ........... 222
PIat. Load Resistan•..,.. . .. . .. .
.. ... ; .. . ..
50
PIate Modulation............
. ......... 91-92
PIate Neutralization.. ....
78
PIat. Resistance.
. .. . ....................... 35, 39
PIatinum............. ......... .. .......
24
Polarization. ... .... . ....................... 318, 32n
Portable Equipment:
Antenna Systems. . • . . . . . . . . . . .. .. . ...... 269
Battery Service Hours (Table). . . . . . . . . . . . . . .. 2M
Converters. A.C.-D.C ...................... 266-267
Dry Batteries ............................ 263-264
Dynamotors .............................. 265, 266
Equipment •................... , ...... , . . . .. 263
Genemotors. . . . .. ......................... 266
Generators ............................... 267-268
Power Supply ............................ 263-267
Rece; vers . . . . . .. .......................... 268
Storage Batteri........................... 263-264
Transmitters ............................. 268--269
Vibrator-Transformers ..................... 264-266
Windchargers .. .. .. • .. ... ................. 267
Positive Charges. . . . . . . . . . .. ...................
22
Pot Oscillator ................................ 387-389
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Portable (/le• .. Portable Equipment ")
Portable and Emergency Power Supplies. .. .263-267
R.F. Filters.. .. . .. . .. .. ... ..... . .... .227, 229
Receiver Power Supplies. . . . . . . . . . . . .. ...... 190
Rectifier Circuits. . . . . . . .. ....... . ..... 175~176
Rectifier Noise ...••............... , . . . . . . .. 230
Rectifiers ................................ 175--177
Regulation •••................ 170. 181-182, 184-186
Ripple ............................... 174-175, 177
Safety Precautions .....................•.. 187-188
Series Connection of Transformers and Rectifiers. 181
Storage Batteries .....••.................. 263-264
Swinging Choke .......................... 174, 178
Vibrator Supplies (Table) . • .. . . . . . . . . . . . . . . .. 265
Vibrator-Transformers. . . . . . . . .. . ......... 264-265
Voltage Dividers .......................... 188-190
Voltage-ReguIated Power Supplies ......... 181-183
Windchargers.. .. .. .... . ... ,............. 267
Wiring, Current Capacity.. .... ............ 285
Prefixes, Amateur. .. .. .. .. .... ................. 440
Prefix.. , Metric. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2SO
Pre-Selention. . . . . . . . . . .. .,.... , ......... 64, 125-127
Primary...... ...... ................ .... ......
28
Primary Keying. . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . 222
Protection from High Voltage •..•...... 177-178. 275--276
P . ...... . .. . .. . .. . .. ...... . ......... 59-60, 129
P
Currents.. .. .. . .. . .. .. .. . .. .. ..
36
Amplifiers............ .......
.40-41
Q... ............... ............
31
333
Q Antennas. .. .. .. . .. .. ... ..... .. .. .. .. .. ..
Q Code .................................. 437-438
QRR ..................................... 429, 438
QST ......•.•................. , ............ 10, 13, 14
Quarter Wave. . . . • .. . .. . . .. .. . . . . . . ... ........
32
Quartz........................................
26
Quartz Crystals (aee .. Crystals")
Quench Frequency .............................. 45--46

RoM.S. Current Value...........................
28
R-S-T Syatem. . . .. ............................ 427
Rack Construction. . . •. ............ . ........ 202-206
Radiation. . . . . . . . . . . • . . . . . . . . .. ...............
37
Radiation Angle .....•........................ 320-322
Radiation Resistance ........................... 33,321
Radiator (a•• " Antennas")
Radio Frequency Amplifiers ...................... 55, 76
Radio Frequency Choke Coil. .•.... , ...... , . . . . . •
32
Radio Inspection Districts. . . . . . • . . . . . . . . . . . . . . .. 445
Radiotelephony:
Adjustment .•...•........................ 232-233
Amplitude and Power Relations ..•....•...... 90-91
Audio Test Signal Source. . • . . . . . . . . . . . . . . . .. 259
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Cathode Modulation. . . . . . .
.... 93, 98. 242
Choke-Coupled Plate Modulation ..•.......... 91,92
Class-B Audio Operation. " ., ....... ,42-43,98-99
Class-B Modulators .. ,. . ...... 98-99, 198-201,209
Cl..-B Modulator Data.", ... , ... ,', ....... 96--{J7
Construction Practire ..................... 191,209
Constructional:
3-W
Amplifier/Grid Modulator ... 192-193
4-W
Tube Modulator. . . . .
. .191-192
6.5Band Limiting and Compr....ion
Amplifier................... ., ... ,'"
198
15-Watt ZA3 Speech Amplifier with Negative
Feedback, .. , , .. ' , ' ...•...... ' , ..... 196-197
20-Watt Low-C""t 6L6 Speech Amplifier ... 193-194
40-Watt 6L6 Speech Amplifier/Modulator .. 194-196
Drh-ing Power ....................... 93. 98--{J9, 232
Driver Coupling ......... , ..... , . . . . . . . . . . . .
99
Frequenei... and ~uIation•......•.. 15-16,440-446
Frequency ModulatIOn. . . . . . . . . . . . . . . . . . . . . .
90
tlrid-Bia. Modulation .•..••.... ,
.. ,92,239-242
Harmonic Distortion. . . • . . . . . . . .
90
Il!terfe,rence ...• ' ......... , , , . . .
243
Lmearlty . . . . . .... , , . , . . . . . . . . . . . . .
. .. 9G-91
Low Lenl Modulation. . . . . . . . . .
98
Matching .... ' ......... , . . . . . . . .
. ...... 93--{J4
Microphone.e ........... , ... ,
.88,99-101
Modulation. .. .... ..... ...
. .. 88-102
Modulation Capability. . . . . . . . . . . . . . .
.90, 233
Modulation Methods .... ',....
.. .
91
Monitors. • . . . . ... .............
.254-255
·ustment. . . . . . . .
, ... 259-262
..........
103

Overmodulation 'l~d'i~';t;'~~ : : : : : : : : . .
. 233-2~~
Peroentage Modulation. . . . . . . . . . . . .
89
Plate Modulation ........... ' . , ......... , ... 91--{J2
Plate
of Screen-Grid Tubes. . .
91
Plate
....... ,......
99
Powe
aves ...... "..... ...
90
Procedure ........... , ........ ,............ 425
Resistance-Coupled Amplifier Data. , ........ ,94--95
Side Bands .. , ... "...............
. .. 89--90
. .101-103
Speech Amplifier Design ...... , . . . . . .
Suppressor Modulation. . . . . . . .. . . . .
92
Word List.. .... . .... ""........
425
Reactance ........•.......... , ..... , ........... 28-29
Reactance, Capacitive ..•........ , . .. ...........
29
Reactance Chart .................. , .. , . . . . . . . . .. 282
Reactance. Inductive ............................ 28-29
Reactance Modulator. . . . . . . . • . . . .. . .......... , 403
Receivers:

Amplifiers, A.F............................. 53--54
Amplifiers, R.F.•......•............ 54--57, 129-130
Antenna Coupling............... 56-57, 127, 130, 136
Antenna Tuning Units •...... , . . .. .......... 127
Antennas for. . . . . . . . . . . . . . . . . . . .
. , .. 36(}-361
Audio Limiter Circuits. . . . . . . . . . . . ........ 67-69
Automatic Gain Control. . . .• . .
. ......... 63. 64
Band Changing ............. ,....
. .52-53
Band Spreading ................. , . , . . . . . . . .
53
Beat Oscillators ... , ........... 38,51,59,63,124-125
Body Caparity ........ , , . . . . . . . . . .
. . . 130
Circuit Values. . . . . . . . . . . . . . . .. .
. .. 56-57
Construotion:

I-Tube Converter ............... , ....... 122-124
2-Tube Regenerative Receiver ..•......... 109-113
3·T
......... ', ............. 113-117
6-T
erative Single-Signal Super ... 117-121
B
r for B.C.L. Sets .......... , 125--127
Frequency Modulation I.F.Amplifier ..... .411-414
14- and 28-Mc. Pre-Selector. . . . . . . . ..... ,125-127
Detector ............. ' ..... , ............... 49-52
Electrical Noise Reduction. . .. .......... . .. 67-69
Fidelity. , . , , ............. ' . . . . . . .
49
Frequency Converters ........ ". ,47,59-60.122-124
Frequency Modulation Reception ... 402-403,411-414
Hum .... '
.... , ............ , . , ...... , ., 130
Intermediate Frequenoy Amplifiers. , .......... 62-63
Limiting (Noise) Circuits... ...
. .. 67-69
Noise Silencing ............. " .......... " .67-69
Oscillator Circuits ..... , ..................... 6!Hll
Performance ...................... ,
137
Portahle ...... ' . . . . . . . . . . . . . . . . . . . . . . . . . . .. 268
Power Supply ...... ' . . . . . . . . . . . . . . . . . . . . . . . 190
Pre-Selection ...... , .................. 64, 125--127
Protection from Transmitter. . . • . . . .. ....... 272
Quart. Crystal LF. Filters ..... , ....... , . , , . ,64-66
R. F. Amplifiers .....•........ , ..... 54-57, 129-130
Regeneration Control. , ................... , .. 130
Regenerative Detector Circuits ............... 51-52
Regenerative LF. Amplifiers .....•..... 117-121, 133
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Regenerative Pre-Selectors ..... '
,.117-121,133
Regenerative Receivers, Tuning.
. .... 128-131
Second Detector•... , ... '
. , ....... 59.63
Sel~!v!ty . . . . . .. . .
48
SensItIVity.. ... .." .... ,....
.. .. , " ..
48
Servicing Receivers... . ....•...
. .. 128, 13Q::I~1
Sbielding. . . . . . . . . ....... ' .
. ..... "0--,.,6
Single-Sigru;! Selectivity. .. ...
, . 132-133
Stability.... ..
. . . . . . . . ... 48-49
SuperMterodyne Reeeivers. Adjustment . . . . 131-135
Test Equipment. .... ..,'
.. ,128, 255-262
:~one 90ntro1. . . . . . . . . .. ..
.. 54, 137
lrackmg .... , ...... " "
.... 57,61-62
Tuning Indicators. . . . . . .
,69-70
Tuning SYlJ!ems. . . . . . . . . . . ,
, ' ... 52-53
Ultra-High Frequency (Bee "Ultra-High Frequencies")
V~ja.ble Selectivity ....... ' ... . .. , ......... 38.44
Wmng ......... " ..... , .. ' ........... " .. 108
Rectification .....•............ , ... , .... 38, 49,174-176
Rectifier-Filter Systems (see" Power Supply")
Rectifiers (Table) . . . . . . . . . . . .
, ..... 303-304
Reflected Waves. . . . . . .. . .. .. ..
" ...
32
. .. 319-320
Re/lection of Radio Waves......
Re/lector. ...... . ""'"
. " .. .. .... 352
. . . .319-320
Refraction of Radio Wave... ..
Regeneration .... ' . , , . . .
. .. 45,66-67,216
Regeneration Control. .. , , ...................... 52, 130
Regenerative Detector. ................ , , .. " .45,51,52
Regenera.tive Receivers (se-e
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.
oltage. . .
. .. 174, 181-182, 184-186
lations, Amateur. ,
,440-446
artz ....... ,.....
11
Rejection Control. , . . .
...
65
Relay Procedure. . . . . .. . .....
. .433-434
Remote Control .......... , . . . .
,. 274
Resistance ......•.. ' ... , .,.... ......
,.22,24
Resistance-Capacity Time Constant ..... , . ,
.. , 2'1'8
Resistance-Coupled Amplifier Dllta, . , .... , ,.96-9'1',101
Resistance, Radiation. . . ' ......... ,
33
24
Resistances in Series and Parallel ... ,
Resistive Coupling ............ , . .
34
Resistor Color Code ... , ...... , , . . . . .
279
Resonance. . . . . . • . . . . . . . . . . . . . . . . .
.30--31
Resonance Curve ........... " .. " .. .
..
48
Resonant Cirouit Impedance ... " ....
. .... ,31-32
Resonant Frequency .......•... , . . . . . . . . . . . . . . . .
30
Resonant Line Cirouits ....................... , , .
33
Resonant Transmiesion Lines. . . . . . . .. .,., ..... 333-336
Rhombic Antenna .....•...................... 345-347
Ribbon Microphones. . . • . • . . . . . . . . . . . . . . . . . . . . . . 100
Ripple ........ , ........ " ....... , ....... 174-175, 1'1'7
Rochelle-Salt Crystals. . . . . . . . . . . . . . .
32
Root Mean Square Value .. , . . . . . . . .
....
28
Rotary Antsnnas ........ , . , ' ... , . .
.357-360
Rubber, Hard...........
..........
26
S Meter _ . . . . . . . . . ..
. , ...................... 69-70
S Seale ....................................... 427
Safety Rules. . . . . . . . . . . . .. . .187-188,206-209,275--2'1'6
Saturation Point ....... " . , . .
, . . .. .. .. . . .
39
Schematic Symbols .. , . .
. ... , .. , . .
281
Schn.Jl ......... , .... , . . . . . .
11
Screen Grid. . . . . . . . . . . . . . . .
46
Soreen-Grid Keying ....... '
224
Seattle. U.S.S... , ....... , . .
...
12
Second Detector ...... ,
, .... 59, 63
Secondary.. .. .. . .. .. ..
..
28
Secondary Emission. . . . .
. .. 26,46,217
Selectivity ...... , . . .
.............
. . ,.31,48
Selectivity Control. . . . . . . . . . . . . . . . . . .
66
Self-Controlled Oscilla.tors ..... , ....... , . . . . . . . .
72
Self-Induction. . . • . .
......
27
Self-Oscillation........
' ..•. 216-217
Send},?!!: ..... ,
'.......
20
Serulltlvlty , . .. ....................... ., ..... 48, 137
Series Capacities. . . . . . . . . . .. .
. . ,. 278
Series Cirouits. ... .,.......
.. ... 24, 71
Series Feed....................... ........
71
Series-Parallel Resistances. . . . . . . . . . . . . . . . . . . . . . . .
24
Series Power Supplies ... , ..................... , . _ 181
Series Resistances. . . . . . . . . . . . . . .. , ...... ,......
24
Series Resonance .. , ........ , .... , . . . . . . . . . . . . . . .
30
Service Message ................... , ....... "... 435
Servicing Receivers ........ , ...... 128, 130, 131, 135--137
Sheet Metal Working............................ 107
Shenandoah.. .. .. ... "........................
12
Shielding .......... , ........................... 55--56
Shields. Electrostatic ................ , . .. • .. .. ... 21 \I
Short Wave Receivers (8ee ilReceivers")

ShotNolse ... , .. , .. , ...........................
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Side Bands ......... , ........
. ...... 89-90
Signal Generators .. , . , ... , , . . .. .
. .,.258-259
Signal-Noise Ratio. . . . • . . . . .. ,..
. .... 55, 57-58
Signal-Strengtb Indicators. . . . . .. .. ,
... 69-70
Signal-Strength Scale. . . . . . . . . . . . . . . .
. . . . . . . 439
..67-69
Silencers, Noise .. ' ............. " ... ..
SineWave .•.......... , . . . ', . . . . . . .
28
Single-Signal Reception .......... , .. , . . . . . . . .. 132-133
Skip Distance ..•............. , .. . ......... , ... 15, 16
Sky Wave ........... , ........ , ................ 15, 16
Smoothing Choke .............. , . . . . . . . . . . . . . . .. 179
Socket Connections .............. , .......... 284-288
SoIar Cycle •.. , . , . , ..... ,
, ... , . . .. ......
15
Soldering. • . • . . . .
.. .. . . . . .. 108
Space Charge. " ....
. ............ 26,39
SpeechAmplifierB .......... ,..
, ..... 191-198
Speech Amplifier Design. . . . . . .
. ..... lOl-l03
Speech Amplifier Design Chart.
. ... 94-95
Squegging...... .. .
. ............• 61,129
Stability, Receiver. . . . .
.. . .. .48-49. 60-61, 137
Stability. Transmitter...
, .......... , ... 72.211
Standards, Frequency. . , ,
' ....... , .... 250-253
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. .... ::::::: ::~~~g
Static Charge ... , , ,. .,
....... ,. ....
2
Station Arrangement. .
. ........ , .270-2,1
Station Control System,
........... 271-272
Station License ...... ,
......• 20-21
Steatite.. .. ......... .. .
.. . .. .. .. .. .. .. ..
26
Storage Batteries.... .. ... ...
. .. 25. 263-264
Stub Antenna Matching. . . . . .. . .............. 332-333
Sulphur.. . .... .. ....
.. . .. . .. ........
26
Sunspot Cycle ........ , . .. . .. . . .. .. ......
15
Super-Control Tubes. .
... . . . . . . . . . . . . .
47
Superheterodyne Receivers (see "Receivers")
Superimposed Currenta .... ' .. ..........
36
Superregeneration. . . . . . . . .
. .. 45-46
Superregenerative Receivers.
.374-375
46
Suppressor Grid ........... , . . . . .. ..
Suppressor-Grid Keying .......... , , . . . . . . . . . . . . . 224
Suppressor-Grid Modulation .................... 92,242
Suppressor, Noise .... , . .
. . . .. . . . . . . . . . .
68
Surge Impedance. • . . . . .. ......................
34
Swinging Choke .............................. 174. 178
Switching, Antenna. . . . . . . . . . .. . .. . . . .... 273-274
Switching, Control Syatem ...•................. 281-28Z
Switching, Receivers .....•....... , .............. 52-53
S,,;tching, Transmitter. . . . . . . . . . . . . . . . . . . . . . . . . .
87
Symbols, Electrical. . . ... . .................... 280-281
Symbols, Schematic.. .'..... .... ............• 281
Synchronization .•... , •......................... 29-30
Tabl •• and Chart. (.ee .. Chart. and Tables ")
Tables, Opera.ting. .. . .. ,....................... 270
Tank Circuits. .. .. ..
" .. " " ...... " .... 71, 80
Tap Siz,,". . . . . .. ..
. .. , . . . . . . . . . . . 107
Tapped Circuit... . . . .
35
Terminated Line. ..,
...
•
34
Teot Equipment. . . . .
. ........ 128, 255--262
Test Oacillators.. . .. , .
. ......... 254-255.258-259
Tetrode Amplifiers ... . .... ..
,. .... . .. .
77
Tetrode Crystal Oscillator. . . . . . . .
. ...... 73, 210
Tetrodes. . .
.
. . . . . . .. ....... .... . . . .
46
Thermal Agitation. . . . . . . . . . . . . .. " .... ". .."
57
Thermjonjc COI\d~ctioll .. . .. ,.,. ... . ......... 25--26
ThermIOnIC EmlflSlon. . . . . . .. . . .. . . . . . . .. . . .. .. ..
26
Threads, Cutting. . . . . . . ........... , . . . . .. 106-107
Threshold Control. . . . . . . . . . .. ...............
69
Thump Filter.. . .
. .... , ...... 226-228
................ ""... 363
Television .. "
Time Constant. .
. . . . . . . .. . . .. .. .64,278
Tone Control. . .
. ..................... 54, 137
Tools.. ...... ....... ....... ........... ....• 104
Tourmaline. • . . . . . .. ............•.............
32
iracking. : ............................ 57.61-62,135
mn.atlantlc Teata. . . . . • . . . . . . . . . . . . . . . . . . . . . . .
10
Transceivers. . . . ........................ 16, 393-401
Tranaconductance (Mutual) . • . . . . . . . . . . . . . . . . . . • •
39
Transformer. . .. ............... ....•..........
28
Transformer C01!Pling. • . .. . ................... 35, 101
Transformers, I.F•...•.......................... 62-63
TranemiBBion Lines (see

n

Antennas")

Transmitters ;
Antenna Coupling ........ 170-173,331-332,336-337
Band-Switching. . . . . . . . .. .,..... .. .......
87
Billll Supplies ............................. 184-186
Blocking and By-Pa... Condensers ...•......... 71,82
Cathode Billll. . . . . . .. . . .. . . . . ... ...........
42
Cent&-Tllp. . • . . • • . . . . . . . . . . . . . . . . • . . . . . . . • 71
Condenser., Voltage Rating •......•....•••... 81, 82

COIlBtrnctional:
Complete Transmitter A... emblies:
l50-Watt Grid-Modulated 'Phone •.. ,.
205
ZOO-ZSO-Watt 'Pbone-C.W. TrBllSmitter.
207
3OU-Watt 'Phone-C.W. Trallllmitter....
206
450-Watt C.W. Trallllmitter. . . .. .
20S
l-Kw. 'Phone-C.W. Tmllllmitter. . .
208
Excit~ or Low-Power Transmitters:
1fr.Watt Output 6L6G Oscillator .......• 138-139
:JO-Watt Output 6L6 Oaa.-TrallSmitter •.. 139-141
20- Watt Output E.C.O. Exciter. . . . .. .. 144-149
40-Watt Output 6L6-6L6 TrallSmitter ... 141-144
50-Watt Output 6L6-807 EJeciter ... , . . . 149-152
:00-Watt Output Band-Switching EJeciter. 152-155
lOO-l75-Watt Output 6L6-6L6-HY51Z
Transmitter .............. , ....... ,,155-157
200-Watt Output 6V6-807-75T TrallBmitter
157-163
Power Amplifiers:
450-Watt Input Push-Pull Amplifier. . .163-165
450- Watt Input Band-Switching Amp. ..16.';... 168
I-Kilowatt Input Puah-Pull Amplifier .... 168-170
Crystal ::;ootrol. . . . • . . . .. . ....... .. , ...• 73-75
CrystaL;, Mounting. . . . . . . . . .. ......
....
75
E C.O. Exciter. . • • . • • .. . .. . . . . . .. . .
..144-149
Efficiency .................... " .. . . .. . .... 72, 84
Electron-Coupled Circuit. • . . . . . . . . . .
...•
72
E •• itation. . . . . • . . . . . .. . .......
.72,82-84
Exciters. .. ... ..... ............
87
Filament Center-Tap...
.........
71
F!equency ModulatIon (ate
Modulation ")
Frequency Multipliers. • . . . ............. 71,85-86
Frequency Stability. • . • . . . .. . . • . .. . .. ......
72
Grid-Bias. . . . . . . . . . . .. . . . . . ... . .......... .42, 84
Grid Neutralization. . •• .... ...............
78
Grid-PIate Oscillator. • . . .• ....... .........
75
Grounda.....
.. .................. , .37,187
Harmonic Generation ....................... 74.80
Harmonic Suppr_ion ••................... 218-2111
Inductance Tables ..•.......... , .... , . . . 81,83
Inter.tage Coupling ........... , ............. 76-77
IrC Ratioe. . . . . . . .. . . .• ...................
32
Link Coupling. • . . . . . .. .. .. ................
77
Load Impedance. • .. . . . .. .. .. . . .. .. . . . . . .. . .
85
Metering ............................. 87. 206-209
Neutralization .............................. 78-80
Oscillator Circuits.. . . . . . .. . . . . . . ... . ....... 72-75
Output Coupling. . . . . . . . . . . . . . . . . . . . . . . . . . . .
85
Parall,,1 Feed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
71
Paraaitic OBcillatiollll . . . . • . . . . . . . . . . . . . . . . . . .
72
Pentode Crystal O.dllators ....•............. 74-75
'Phone (aee "Radiotelephony")
Pierce Oscillntor. . . . . . . • • . . . . . . . . . . . . . . . . . . •
74
Plate Neutralization. . . . •• . . . . . . . . . . . . . . . . . . .
78
Portable (see" Portable ")
Power Amplifier. . ... , .• ,.......... .... ..71, 76
Power Supply (."" .. Power Supply")
Push-Pull Operation... . . . . • . . . . . .. .. . . . . . . . .
78
Rack COlllltrumion .......................• 202-206
Self-Controlled Oa.ilIator Circuits. . . .. .....
72
Series Feed. . .. . . . .... • . •. .. ............ .•
71
Tank Circuits ...•••...................... 71,80
Tank Impedance ............................ 80-81
Tetrod. Crystal Oscillatore ............... , . . .
73
Trlode Crysta,J. Oscillators. • .. ............ ..
73
Tn-Tet CIrcUIt ..........•......•.......... 74-75
Tubes................... ....•.••.. .....
86
Tubes (T..bles 01 Characteristics)
Tuning .............. ; ........... 210-211,212-220
Ultra.High Frequency (Be, "Ultra-High Frequency")
Wiring .................................. lOS
Transceivers •••.•••. '" ...................... 393-401
TraIll!mitters:
224 &; 112 Me. HY-615 Linear Oacillator.. ..389 390
224 &; 112 Me. P.P. HY-615 Oscillator ....... 390-392
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