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FOREWORD

IN PRESENTING for 1941 the eighteenth edition of The Radio Amateur’s Hand-
book 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,
running now to eighteen editions in thirty printings and a total distribution
well over six hundred thousand copies. Its fame has echoed around the world.
Schools and technical classes have adopted it as a text; quantity orders have
come from many a foreign land. But most important of all, it is the right-hand
guide of practical amateurs in every country of the globe. This success derives
in considerable measure from the splendid codperation we have always re-
ceived 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 swecping and virtually
continuous modification. Since the very beginning a strenuous attempt has
been made to keep the book as up to date, as accurate and as reliable as is
humanly possible. A studious effort has been made to restrict the material to
modern, sound and well-tried practice. Having always had somewhat the
character of an annual review of time-tried and proven methods in apparatus
construction and operation, the Handbook has 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 sta-
tion — some good, some poor, many indiffcrent. Our editorial task has there-
fore been basically one of selecting. It has been necessary 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 affair 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 new pieces of appa-
ratus were specially designed and constructed — and tested! Prepared under
the general technical editorship of Mr. George Grammer, @S7’s technical ed-
itor, and with major contributions by him, the present work also represents
many months of labor on the part of Messrs. Donald H. Mix and Byron Good-
man, QS77s assistant technical editors; Mr. Clinton B. DeSoto, assistant sec-
retary of the League; and Mr. Vernon Chambers, in charge of QS87’s techni-
cal information service. The station-operating material of course is contrib-
uted by the League’s communications manager, Mr. Francis E. Handy. The
actual production of the book has been on the broad shoulders of Mr. Clark C.
Rodimon, @ST’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



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 heen segregated for transmitters, receivers and
"phone, respectively, in Chapters 9, 14 and 16, to make these important treat-
ments more readily available not only for those who are building new equip-
ment but for those who already have satisfactory apparatus. At the end of
each chapter on the construction of equipment there is a biblography 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 bibliog-
raphies will be found frequently in the text and take such a form as (3ib. 5),
which means that the fifth item in the bibliography at the end of that par-
ticular 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 treat-
ment 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 ‘“hand-
book” — 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, sinee 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
Handbook brings as much assistance and inspiration to amateurs and would-be
amateurs as have its predecessors.

Kenxers B. Wanner
Managing Secretary, A.R.R.L.
Wegt HarTFORD, CONN,
November, 1940
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THE AMATEUR™S CODE

J The Amateur is Genilemanly. 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.

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

o 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 co6peration for the
broadcast listener; these are marks of the amateur
' spirit.

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

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




Story of Amateur Radio

How It Started — The Part Played by
The A.R.R.L.

AMATEUR 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 intro-
duced to the public some years ago, it instantly
caught the fancy of millions of people all over
the world. Why? Because it fired their imagi-
nation — because it thrilled them to tune in on
a program direct from some distant point, to
hear speech and music that was at that mo-
ment being transmitted from a city hundreds
and even thousands of miles away. To be sure
there was also a certain amount of entertain-
ment value, and it is true that as the years
have 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
these 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 home-
made) 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 trans-
mitter makes it possible to develop friend-
ships in every State in the Union. Of course,
it is not to be expected that the first contacts
will necessarily be 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 be-
fore communication will be enjoyed with ama-
teurs of other nationalities. But patience and
experience are the sole prerequisites; neither
high power nor expensive equipment isrequired.

* Because of the current international situation, communi-

cation by U. 8. amateurs with foreign countries is tempora-
rily forbidden.

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 to-
gether by one’s own skill. The process of design-
ing and constructing radio equipment develops
real engineering ability. Operating an amateur
station with even the simplest equipment like-
wise 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 advan-
tages of amateur radio as a hobby, the value of
systematic amateur work to a student of al-
most 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 Mar-
coni 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 dupli-
cate his results. Marconi himself was probably
the first amateur — indeed, the distinguished
inventor so liked to style himself. But amateur
radio asit 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 resem-
blance 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 trans-
mitters, 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

CHAPTER ONE
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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 ac-
complished in relays. ‘“Short waves’” meant
200 meters; the entire wavelength spectrum
below 200 meters was a vast silence — no sig-
nal ever disturbed it. Years were to pass before
its phenomenal possibilities were to be sus-
pected.

Yet the period was notable for a number of
accomplishments. It saw the number of ama-
teurs in the United States increase to approxi-
mately 4,000 by 1917. It witnessed the first
appearance of radio laws, licensing, wave-
length 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. 8. amateurs beginning to wonder, just be-
fore 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 accomplish-
ment 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 wit-
nessed 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 short-
wave 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 disman-
tled. 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 ama-
teur 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 su-
preme 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. Presi-
dent 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 Wash-
ington 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 ama-
teurs had gone to France; many of them would
never come back. Would those who had re-
turned 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 uni-
form, 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
League, 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 war-
time ban was lifted and amateur radio resumed
again. Even before the ban was lifted, in Oc-
tober, 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 possi-
ble to bridge the continent with but one inter-
mediate relay. Shortly thereafter stations on
one coast were hearing those on the other
direet!

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



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 objec-
tive: two-way communication across the At-
lantic 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 re-
ceivers? They already had the superhetero-
dyne; 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
agsistant technical editor of QST (Phelps, now
W9BP) carried on tests between Hartford and
Boston on 130 meters. The results were encour-
aging. 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 ama-
teur communication across the Atlantic be-
came & 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 wave-
length 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 clam-
oring 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 re-
sponded 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~coast amateur {0 communicate with

Story of Amateur Radio

another on the west coast, direct, at high
noon. The dream of amateur radio — daylight
DX! — 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 na-
tionality of calls. The League began issuing
what are known as WAC certificates to sta-
tions 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 confer-
ence 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 inter-
national amateur communication. The experi-
mentally-minded amateur is constantly at
work conducting tests in new frequency bands,
devising improved apparatus for amateur re-
ceiving and transmitting, learning how to oper-
ate 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 compara-
tively unprofitable operating ground.

The amateur’s experience with five meters is
especially representative of his initiative and
regourcefulness, and his ability to make the
most of what is at hand. In 1924 first amateur
experiments in the vicinity of 56 Me. indicated
the band to be practically worthless for dis-
tance work; signals at such frequencies ap-
peared 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. Begin-
ning in 1931, then, there was tremendous
activity in 56-Mec. work by hundreds of ama-
teurs all over the country, and a complete new
line of transmitters and receivers was devel-
oped to meet the special conditions incident
to communicating at these ultra-high fre-
quencies. In 1934 additional impetus was given
to this band when experiments by the A.R.R.L.
with directive antennas resulted in remarkably
consistent two-way communication over dis-
tances of more than 100 miles, without the aid
of *hilltop”* locations. While atmospheric con-
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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-Mec.
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 con-
tacts have been made on five meters, with
hundreds of contacts over a thousand miles or
80. To-day’s concept of u.h.f. propagation was
developed almost entirely through amateur
research.

Most of the technical developments in ama-
teur radio have come from the amateur ranks.
Many of these developments represent valu-
able 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 “1009%, modulation” the
technical staff of the A.R.R.L. was publishing
articles in Q87 urging amateur ’phones to em-
brace it and showing them how to do it. When
interest quickened in five-meter work, and ex-
periments showed that the ordinary regenera-
tive receiver was practically worthless for such
wavelengths, it was the A.R.R.L. that devel-
oped 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 r.f. power pentodes came as a result of the
A.R.R.L. Hq. technical staff’s urging and dem-~
onstration 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 elec-
trical 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 interna-
tional 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 con-
tributing their skill and ability to the Ameri-
can 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. 8. dirigible Shenandoah
made a tour of the country, amateurs pro-
vided 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 high-
frequency set on the U.S.8. Secaitle.

Definite friendly relations between the ama-
teur 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 codperation. The radio
Naval Reserve and the Army-Amateur Net are
the outgrowth of these proposals.

The public service record of the amateuris a
brilliant one. These services can be roughly di-
vided into two classes: emergencies and expedi-
tions. 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 prin-
cipal, and in many cases the only, means of
outside communication in more than one hun-
dred 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 re-
sulted in notable amateur codperation. 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 réle in
the rescue work and amateurs earned world-
wide 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 Codrdinators to organize amateur
facilities and establish liaison with other agen-
cies. This was in addition to the registration of
personnel and equipment in the Emergency
Corps. A comprehensive program of codpera-
tion with the Red Cross, Western Union and
others was put into effect.

Amateur codperation with expeditions goes
back to 1923, when a League member, Don
Mix of Bristol, Conn., accompanied MacMillan
to the Arctic on the schooner Bowdoin in



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 coéperation; 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 asgisted. 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 re-
ward — have made amateur radio an integral
part of our national life.

The American Radio Relay League

Tre 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 @ST.

The League is organized to represent the
amateur in legislative matters. It is pledged
to promote interest in two-way amateur com-
munication and experimentation. It is inter-
ested in the relaying of messages by amateur
radio. It is concerned with the advancement of
the radio art. It stands for the maintenance of
fraternalism and a high standard of conduct.
One of its principal purposes is to keep ama-
teur activities so well conducted that the ama-
teur will continue to justify his existence. As an
example of this might be cited the action of the
League in sponsoring the establishment of a
systemof Standard Frequency Stationsthrough-
out 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.

Story of Amateur Radio

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 Ex-
ecutive Committee which, under certain re-
strictions, decides how to apply Board policies
to matters arising between Board meetings.

The League owns and publishes the maga-
zine QST. QST goes to all members of the
League each month. It acts as a monthly bulle-
tin of the League’s organized activities. It
serves a8 a medium for the exchange of ideas.
It fosters amateur spirit. Its technical articles
are renowned. QST has grown to be the “ama-
teur’s bible”’ as well as one of the foremost
radio magazines in the world. The profits QST
makes are used in supporting League activi-
ties. Membership dues to the League include a
subscription to QST for the same period.

The extensive field organization of the Com-
munications Department codrdinates operat-
ing activities throughout North America,

Headquarters

From the humble beginnings recounted in
this story of amateur radio, League head-
quarters 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 Head-
quarters at 38 LaSalle Road, West Hartford.
Visitors are always welcome.

Headquarters Stations

From 1927 to 1936 the League operated its
headquarters station, W1IMK, 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 head-
quarters offices, at first under the old auxiliary
call WIINF and later as W1AW. The call
WI1AW, held until his death by Hiram Percy
Maxim, was issued to the League by a special
order of the Federal Communications Com-
mission 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

THaE 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 sta-
tion and knowledge of the code are not prereq-
uisites. They can come later. According to
a constitutional requirement, however, only
those members who possess an amateur station
or operator license are entitled to vote in
director elections.

» Learn to let the League help you. It is organ-
ized solely for that purpose, and its entire
headquarters’ personnel is trained to render the
best assistance it ean to you in solving your
amateur problems. If, as a beginner, you should
find it difficult to understand some of the mat-
ter 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 de-
scribes 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

]_4 CHAPTER ONE

the latest amateur apparatus developments
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

Tue I.A.R.U. is a federation of thirty-three
national amateur radio societies in the prin-
cipal nations of the world. Its purposes are the
promotion and codrdination of two-way com-
munication between the amateurs of the va-
rious countries, the effecting of codperative
agreements between the various national so-
cieties on matters of common welfare, the
advancement of the radio art, the encourage-
ment of international fraternalism, and the
promotion of allied activities. Perhapsits great-
est service lies in representing the amateurs
of the world at international telecommunica-
tions conferences and technical consulting
committee (C.C.L.R.) meetings.

The headquarters society of the Union is the
American Radio Relay League. All corre-
spondence should be addressed to 38 LaSalle
Road, West Hartford, Conn., U. 8. A.

The I.A.R.U. issues WAC (Worked-All-
Continents) 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 member-
society of the Union for the country in which
he resides. In countries where no member-
society 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 radio-
telephone. There is a special endorsement for
28-Mec, operation.
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The Amateur Bands — Learning the Code — Obtaining Licenses

Tms chapter deals with the two major prob-
lems of every beginning amateur — learning
the code and getting the necessary federal
licenses.

Our Amateur 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 sig-
nals. Press messages, weather reports, high-
frequency international broadcasting of voice
and music, transmissions from government and
experimental stations including picture trans-
missions and television, airplane dispatching,
police calls, signals from private 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. Thou~
sands 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 opera-
tion. 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 11-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 choos-
ing 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 fre-
quency.

The 1750-ke. band, which carried all ama-
teur 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 radiotele-
phone 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 sum-
mer months. It has been recommended for all
amateur message-handling over medium dis-
tances (1,000 miles, for example). Much of the
friendly human contact between amateurs
takes place in the 3500-ke. band. As the winter
evening advances, the well-known ‘gkip ef-
fect” (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 in-
creased range also brings in more stations, so
that the band appears busier.

The 7000-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-Me. band. The 7000-ke. band
is satisfactory for working distances of several
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hundred miles in day-
light. Tt is gencrally
considered the 1nost
desirable night band
for general DX work
in spite of difficulties
due to interference.
The 14,000-kc. or
14~Mec. band is the best
frequency to use to
cover great distances
in daylight. In fact it
is the only band gener-
ally useful for daylight
DX contacts (QOSQ’s)
over coast-to-coast
and greater distances.
Communication over
long distances will
usually remain good
during the early eve-
nings and surpriging
results can be ob-
tained then, too, Using
these higher frequen-
cies there is often dif-
ficulty in talking with
stations within threce
or four hundred miles,
while greater distances
than this (and very
short distances within
ten or twenty miles of
a station) can be cov-
cred with easc. The
reason that 14-Me.
signals are less useful
for general amateur
DX late evenings is
because the “skip” in-
creases during dark-
ness until the ‘“sky
wave” covers greater
than earthly distances.
The band, while one of
the very best for the
amateur interested in
working forcign sta-

Fig. 201 — The Ama-
teur Bands. Areas shaded
with diagonal lines are
open to c.w. telegraphy
(A-1 emission) only,
Cross-hatched areas are
open to both *phone (A-3)
and e.w.

Note: Sinee the drawing
was madc, the band “A”
has been changed by
F.C.C. to read 1750-2050
ke., with 1800-2050 ke.
open to both ’phone and
cw.

CHAPTER TWO

tions, is sometimes subject to sudden fluctua-
tions in transmitting conditions.

The 28,000-kc. (28-Mc.) band combines both
the long-distance characteristics of the 14-Me.
band and some of the local advantages of the
56-Me. band, but its remarkable long-distance
characteristics have been the cause of its tre-
mendous growth in popularity. 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 ycars. A well-defined seasonal cffect pro-
duces much better conditions during the fall
and spring than at other times of the year.
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 56,000-kc. or 56-Mc. band is used largely
for loeal and short-distance work over dis-
tances of ten to thirty miles. Because of the
cheapness, compactness and ease of construe-
tion 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 contact
could be maintained over distances of a hun-
dred miles or more with suitable conditions and
ecquipment, and such contacts arc now com-
mon. Reecent “sky-wave” DX work over sev-
cral thousand miles on this band and the pros-
pect that much more is to come make the band
a prize one for the experimenter. Most of this
work seems to occur during the month of May
each year.

The 112,000-kc. or 112-Mec. band is the new-
cst addition to the amateur spectrum, and is
gradually recciving occupancy. Its characteris-
tics insofar as loeal work is concerned are simi-
lar to 56 Mc. The fact that elementary trans-
ceivers can be used, without the stability re-
quirements of the lower frequencies, makes the
band especially attractive for mobile work and
general short-range activity.

Above 116 Me. but little progress has as yet
been made by amateurs, although a few ex-
perimenters are persistently investigating this
field. As yet the 224-Me. band and the experi-
mental region above 300 Mc. are not used for
general communication, but it is logical to
expect a gradual infiltration in the course of the
next fow years.

Memorizing the Code

There is nothing particularly difficult inei-
dent to taking your place in the ranks of
licensed amateurs.

The first job you should tackle is the business
of memorizing the code. This can be done¥while
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Fig. 202 — 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 in-
dulged in in odd moments while the transmit-
ter, in turn, is being constructed. The net re-
sult of such an organized program should be
that by the time the transmitter is finished you
will be able to receive 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 yourself to
the job and get it over with as quickly as possi-
ble. The complete Continental alpbabet,
punctuation marks and numerals are shown in

the table given here. The alphabet and all the
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numerals should be learned, but only the first
eight of the punctuation marks shown need be
memorized by the beginner, Start by memoriz-
ing 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 ac-
complished easily by taking the first five let-
ters, memorizing them, then the next five, and
so on. As you progress you should review all
the letters learned up to that time, of course.
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 ‘“dot-
dash” but think of it as the sound “dit-dah.”
B, of course, is “dah-dit-dit-dit,” C, “dah-dit-
dah-dit” and so on.

Even better will be listening to the charac-
ters as they are sent on a buzzer or code prac-
tice oscillator, if someone can be found to send
to you. Learning the code is like learning a new
language, and the sooner you learn to under-
stand the language without mental “transla-
tion” 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.

Acquiring Speed by Buzzer Practice

When the codeis 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 buzzer-
and-key outfit. An advantage of this system is
that it develops sending ability, too, for the
person doing the receiving will be quick to
criticize uneven or indistinct sending. If pos-
sible, it is a good idea to get the aid of an ex-
perienced 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 set for two people
learning the code together is that using a tube
oscillator.

CHAPTER TWO 17



The Radio Amateur’s Handbook

The parts required are: an old audio trans-
former, a type '30 tube, a pair of 'phones, key,
two No. 6 dry cells, tube-socket, a 20-ohm
filament rheostat, and a 2214-volt B battery.
Thesearehooked 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 give satisfactory results. The
advantage of an audio oscillator over the buz-
zer 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 simu-
lating actual radio signals.

After the practice set has been built, and
another operator’s help secured, practice send-
ing turn and turn about to each other. Send
single letters at first, the listener learning to
recognize each character quickly, without hesi-
tation. 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 recog-
nize. 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.

Fig. 203 — A Buzzer Code Praetice Set.
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Fig. 204 — Cireuit of the buzzer code praetice set
shown in Fig. 203. The "phones are counected across the
eoils of the hnzzer with a eondenser in series. The size of
this eondenser determines the strength of the signal in
the ’phones. Should the value shown give an excessively
loud signal, it may be reduced to 500 or even 250 uufd.

After you have acquired a reasonable degree
of proficiency concentrate on the less common
characters, as well as the numerals and pune-
tuation marks. These prove the downfall of
many applicants taking the code examination
under the handicap of nervous stress and
excitement.

Learning 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 isto “learn by listening”’ on your short-
wave receiver. With even the simplest short-
wave 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. Twenity
minules or half an hour is long enough for one
session. 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 sta-
tions 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,



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. 8. radio communi-
cation laws prescribe heavy penalties for di-
vulging 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 trans-
mission, who will send transmissions especially
calculated to assist beginners. These transmis-
sions 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 favor-
able 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.

Interpreting What You Hear

As soon as you finish your receiver and hook
it up you will begin to pick up different high-
frequency stations, some of them perhaps in
the bands of frequency assigned to amateurs,
others perhaps commercial stations belonging
to different services The loudest signals will
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 may or may not
be louder than relatively near-by stations.

The first letters you identify probably will
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, ete.) indicating the country; In
this country amateur calls will be made up
of such combinations as W8CMP, W1KH,
W1AW, etc., the number indicating the ama-~
teur 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 “Operating a Station” for complete infor-
mation on the procedure amateurs use in call-
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ing, handling messages, and the like. Many
abbreviations are used which will be made
clear by reference to the tables of Q Code, mis-
cellaneous abbreviations, and “ham” abbrevi-
ations 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 impor-
tant. The knob of the key should be about
eighteen inches from the edge of the operating
table and about on a line with the operator’s
right shoulder, allowing room for the elbow to
rest on the table. A table about thirty inches in
height is best. The spring tension of the key
varies with different operators. A fairly heavy
spring at the start is desirable. The back ad-
justment of the key should be changed until
there is a vertical movement of about one-
sixteenth inch at the knob. After an operator
has mastered the use of the hand key the ten-
sion 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 too-
finely 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 knob. 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 sideways action is best,
The fingers should never leave the key knob.
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Fig. 205 — Illusteating 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 well.

When sending 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 him-
self with the intricacies of the law and prepare
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himself for his test. The booklet, ** The Radio
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 ques-
tions with their correct answers.

A few general remarks:

While no government licenses are necessary
to operate recelvers 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, will in-
evitably lead to arrest, and fine or imprison-
ment.

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 re-
quirement of citizenghip is the only limitation,
and amateur licenses are issued without regard
to age or physical condition to anyone who
successfully completes the required examina-
tion. 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 ama-
teur stations, but do not have their own sta-
tion 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 the Appendix.
Because the regulations are subject to oc-
casional changes or additions, however, it
is recommended that your study of them be
from the License Manual already mentioned,
since this latter publication is always revised,
or a ‘“change sheet’” incorporated with it,
whenever sych alterations in our regulations
take place,
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PRACTICE CIPHER GROUPY

Cipher groups make better practice ma-
terial 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 send from this list without
fumbling for an unusual letter, you know
the code. Such sending also glaringly dis-

OKICQ CEMID 97291
24680 JXEFY EFXNK
CKTOG EFMEY LCKQH
AXBTR 49285 OCYAA
23759 JNABD ZLJBI
CWXCK JBCYD 84707
DKAKX PGZUN KDKNG
WQYFZ CTILL  FHFUX
OMIWG THQVI NTVMG
HSPCQ HMOUS WOHZR
XGLDT TVCPT  IPAZQ
89701 CPTKO FNZQJ
RKMOZ 20184 PGMAE
EKJCD VNFBH 10273
DJHNG DIEUY DXNZE
HAHGJ JCUWH 98234
LDOSJ] 83746 JEHDY
12319 LKDOP MCNCB
BAYQT WEQFQ PAOKU
QNBAV 17863 MDHNH
25894 MVHVD UEYTA
JXHGQ APLKM QYEUR
98915 NDHBH QWZXN
MBUDF JTIOE  MNOPA
AEIOU MNLFG KQZAX
13579 YOUMK LARDO
CJRNO VOIUM MQECV
YOUMK 12709 BEXZB

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 combina-
tions or their order, use each group back-
wards 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 copy-
ing should be encouraged.

ALCRJ MAIDP JRNOL
DLZIK 76321 EWSKM
PHVTX 790365 HZGNA
HIMAD OHWIM SFMCG
CPNZI VINEE FMEMI
JBOAH HELKF ZDLYS
GYEVZ 47382 KTLES
ARJZU MRFXE WBPCM
DXAQN 49367 SPEJN
11992 OBRDK VIODO
p6143 PVFKQ CUBEZ
CPTKO RBEFP AXTRX
IRAGO KDIEY KCNYQ
PZOKA MDIDH EIURY
OQUIW 99165 MCNBS
MCNUY QZASU THDJI
BCNBX CVFZA  SCQZW
ZAOIZ ZLKAM ZJHFG
39219 JDMNF DKUER
TQRYW EIOUW MXNBG
ZMNZB ZXVGX OIEUZ
NDBGY UYRHI LKCCN
KDIOE DYAFH LPWCA
CVQAR 12754 OEVAN
NASTF PONDL FAWZX
CFGIL NPQRT QWERT
CADXA SNKAD CUTYR
TTLOR KOBDZ RGLBH
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Flectrical and Radio Fundamentals

Current Flow — Conductors and Insulators — Condensers —
Coils — Tuned Circuits — Vacuum Tube Fundamentals

ONE will recall from high-school chem-
istry 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 micro-
scopes. 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 num-
ber and arrangement of these charges. These
charges are called electrons. The atom has a
nucleus containing both positive and nega-
tive 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 nega-
tive electrons balancing the positive nucleus,
but when something disturbs this balance
electrical activity becomes evident, and it is

. the study of what happens in this unbalanced
condition that makes up electrical theory.

® ELECTRONS AT REST

It was mentioned above that in some ma-
terials it is relatively easy to move the electrons

Fig. 301 — Lightning is
caused by the discharge of
electricity that huilds up on
a cloud reaching a potential
high enough to break down
the air hetween the cloud
and ground or another cloud,
The charge is believed to be
caused hy friction of air
+«_ masses 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 Charges

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 ”” erack-
ling 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 pass-
ing 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 paiticles 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 megative
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 differently, 1
a potential difference is said to exist /0¥
between them, and this difference is l
measured by an electrical unit called

N7
— —_  nov
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the volt. The greater the potential dif-
ference, the higher (numerically) the
voltage. The difference in electrons between
the two objects which causes this poten-
tial difference or voltage exerts an electrical
pressure or force which is trying to equalize and
thus nullify the charges, and for this reason it
is often called electromotive force or, simply,
e.m.f. However, one usually thinks of it as
‘“‘voltage,” remembering that voltage repre-
sents the electrical potential difference set up
by a surplus or lack of electrons.

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. How-
ever, if two metal plates are separated a short
distance by a high-resistance material, such as
glass, mica, oil or air, or any one of a number of
other materials, it will be found that the two
plates can be given a charge by connecting
them 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 gquantity of the

Fig. 302 — Various forms of condensers. The electro-
lytic eondenser at the left front is a low-voltage one used
as an audio by-pass across cathode resistors. The long,
cylindrical can directly in back houses a higher-voltage
electrolytic condenser used in recciver and low-voltage
transmitter power-supply filters. The small paper (front
row, second from left) and the small mica (front row,
extreme right) fixed condensers are used in receiver and
low-voltage transmitter applications. The small variable
condenser in the front row is used in receivers and low-
voltage transmitters; the variable condenser with the
heavy plates and greater spacing is used in high-power
transmitters. The small, compact vacnum condenser is
a new type of fixed condenser for tranemitting having an
even greater voltage rating than the large variable
condenser and losses low cnough so that it may be used
in a transmitter tank eircuit.

Fig. 303 — A simple example of Ohm’s Law, At A, a
single lamp across the 110-volt line burns with normal
brilliancy, indicating normal current through the lamp.

At B, the two lamps in series give an effective resist.
ance of twice that of a single lamp, and the current
through them is therefore only half normal current.
This is indicated by half brilliancy of the lamps.

At C, the lamps are connected in parallel, and since
the lamps have 110 volts across them they burn with
normal brilliancy. But twice as much light is given off,
s0 the systcm must be drawing twice as much current
and the effect of the two lamps in parallel is to place a
load across the line of half the resistance of one lamp.

charge will depend upon the voltage of the
charging source and the capacity of the con-
denser. The value of capacity of a condenser
is a constant depending upon the physical di-
mengions, 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 micrefarad (abbreviated ufd.)
and micro-microfarad {(uufd.) 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
difference in the amount of stored charge.

Electrostatic Field

The electrical energy in a charged condenser
is considered to be stored in much the same
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 charge.

® 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 resistance. Conversely, a material
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,
zine, 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.

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 volt-
age) 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 bri-
gade’’ 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
represents nearly 10'* (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).

Ohm’s Law
The current in a conductor is determined by
two things, the voltage across the conductor
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Fig. 304 — Diagrams of series, parallel and series-
paralle! resistanee connections.
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and the resistance of the conduetor. The unit of
resistance is the ohm, and, by definition, an
e.m.f. of one volt will cause a current of one
ampere to flow through a resistance of one
ohm. Since the three quantities are interde-
pendent, if we know the values of any two we
can easily determine the third by the simple
relation known as Ohm’s Law. When [ 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
R = 7 I= 7

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 metallic conductor
depends upon the material and its tempera-
ture, its cross-sectional area and the length of
the conductor. When resistance is deliberately
added to a circuit, as is often done to adjust
voltages or limit current flow, the resistance is
usually lumped in a single unit and the unit is
called a resistor.

E=1IR

Resistances in Series and Parallel

Resistors, like battery cells, may be con-
nected 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 series-
parallel may be computed, the total being
between A and B in each case.

Resistances in series:

Total resistance in ohms = By + B2 + R3 + Ry

Resistances in parallel:

1
1 1 1 1
B R + R; + B,

Or, in the case of only 2 resistances in

parallel,

Total resistance in ohms =

. . R\Ry
Total resistanct in ohms = R+ s
Resistances in series-parallel:
Total resistance in ohms =
1
1 1 1 1
Bi+ B "B+ Ra  Bs¥Be T Rr+RetEos
Ionization

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 con-
siderable velocity due to the acceleration of the
electric charge and the fact that the reduced
pressure in the tube (less gas) permits the elec-
trons 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 to-
wards 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 7ons, 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 cur-
rent, from negative plate to positive plate. The
light given off, it may be mentioned, is con-
sidered incidental to the recombination of ions
and free electrons at the negative plate. This
kind of conduction, made possible by ioniza-
tion by collision, is utilized in the operation of
certain types of gaseous rectifiers, and in
combination with another principle in mercury-
vapor 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 recom-
bined into the neutral sodium chloride. This
spontaneous disassoctation 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 posi-
tive wire will attract the negative chlorine
ions, and a current will flow through the solu-
tion. When the ions reach the wires the electron
surplus or deficiency will be remedied, and a

neutral atom will be formed. The energy sup-
plied by the source of potential difference is
used to move the ions through the liquid and to
supply or remove electrons, This type of cur-
rent flow is due to electrolytic conduction, and
the principle was utilized in the now almost-
obsolete “‘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 automo-
biles 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 speak-
ing of more than one cell — a single cell is not
a battery, but two or more connected together
become a battery.

Thermionic 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 oxide-
coated or thoriated tungsten, is heated to a

G
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Fig. 305 — Illustrating conduction by thermonie
emission of electrons in a vacuum tube. One battery is
used only to heat the filament to a temperature where
it will emit electrons. The other battery places a positive
potential on the plate, with respect to the filament, and
the electrons are attracted to the plate. The flow of
electrons completes the electrical path, and eurrent
flows 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 suffi-
ciently to allow them to break away from the
surface. The processis 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 be-
tween plate and cathode, this plate or anode
will attract a number of the electrons that sur-
round the cathode. The passage of these elec-
trons 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 emis-
sion of electrons from a hot cathode, and that
the current flowing through a vacuum tube is
simply the flow of these electrons being at-
tracted 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 physi-
cal 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 de-
pendent only upon the current in the conduc-
tor, 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 some-
times as an undesired power loss) can be de-
termined by substitution in the following
equations:
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P = EI,
or P = I’R,
or P = E*

R

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 volt-
meter and ammeter, the product of volts and
amperes will give the power. Knowing the ap-
proximate 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 = VPR

/P

I =4/—

VE
Magnetic Field

Any physicist will tell you that moving elec-
trons 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 condue-
tor 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 sur-
rounding the wire; they are termed lines of

Fig. 306 — When-
ever current passes
through a wire, a
magnetic field exists
around the wire.
Its direction can be
traced by means of a
small compass.
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magnetic force. These lines of force, in the form
of concentric circles around the conductor, lie
in planes at right angles to the axis of the
conductor.

The magnetic field constituted by these
lines of force exists only when current is flow-
ing through the wire. When the current is
started through the wire, we may visualize the
magnetic field as coming into being and sweep-
ing outward from the axis of the wire. And on
the cessation of the current flow, the field col-
lapses toward the wire again and disappears.
Thus energy is alternately stored in the field and
returned to the wire. When a conductor is
wound into the form of a coil of many turns,
the magnetic field becomes stronger because

Fig. 307 — When the conducting wire is coiled, the
individual magnetic fields of each turn are in such a
direction as to produce a field similar to that of a bar
ximgnet. .

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 ef-
fect 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 ap-
plied 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 cur-
rent originally passed through the coil. There-
fore, because of this property of self-induction,

the coil tends constantly to oppose any change
in the current flowing through it, and it takes
an appreciable amount of time for the current
to reach its normal value through the coil. The
effect can be visualized as electrical inertia.
After the current has come to a steady value,
the self-inductance has no effect, and the
current is only limited by the resistance of the
wire in the coil.

The inductance of a coil is measured in
henrys or, when smaller units are more con-
venient, the millihenry (one-thousandth of a
henry) or microhenry (one-millionth of a hen-
ry). The inductance of a coil depends on
several factors (see Chapter Twenty), chief of

- which are the number of turns and the cross-

sectional area of the coil. The inductance can
be greatly increased by using iron instead of
air for a core material.

Electric Circuits

You will often see 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 — ALTER-
NATING CURRENT

Thus far only direect current, i.e., current
traveling in one direction, has been discussed.
However, most electrical and radio work
utilizes aliernating ecurrent, or current that
alternates its direction in periodic fashion.

/ PRaak value
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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 con-
duetor. 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 gener-
ators or alternators. Their design is such that the
current in the wire (or voltage across the
terminalg) will go from zero to a peak value and
back to zero, and up to a peak value in the op-
posite 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 com-
pletes one cycle — 60 cycle (per second) cur-
rent does this 60 times a second. The curve
followed is described mathematically as a
sine curve; it will be shown later how har-
monies will change the general shape of the
curve.

It is evident that both the voltage and cur-
rent 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 cur-
rent 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 = '\/%El%ax
For this reason, the effective value of an alter-
nating current, or voltage, is also known as the
root-mean-square or r.m.s. value. Hence, the
effective value is the square root of ¥4 or 0.707
of the maximum value — practically consid-
ered 709, 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 mazimum (or peak),
effective (or r.m.s.) 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:

Emnx = Eef{ X 1.414 = Eave X 1.57
Eeﬂ = Emax X 707 = Eave X 1.11
Euo = Enax X .636 = Egyq X .9

The relationships for current are the same as
those given above for voltage. The usual alter-
nating 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 volt-
meter. Instruments for making such measure-
ments 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-

Jron Core
— —t
1
Primary  $~ — -5660ﬂda/y
< —
—_— P 1

Fig. 309 — Schematic representation of a transformer.
Alternating current flowing in the primary winding
induces a currcnt in the secondary winding. The ratio
of the primary voltage to secondary voltage is very
nearly equal to the ratio of primary turns 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 mag-
netic 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; i.e., twice as many secondary
turns as primary turns will give twice as much
secondary voltage, etc. The current proportion
goes the other way — it is inversely propor-
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 differ-
ent 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 alternat-
ing voltages will result in the condenser be-
coming 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 alter-
nating currents to flow through them with per-
fect 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 react-
ance which is inversely proportional to the
capacitance and to the frequency of the ap-
plied voltage.

.It should not be thought that the reactance
of coils becomes infinitely high as the fre-
quency is increased to a high value and, like-
wise, that the reactance of condensers becomes
infinitely low at high frequencies. All coils have
some capacity between turns, and the react-
ance of this eapacity 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 in-
ductive 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 pre-
sented 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 ita
terminals. Because of these facts, we say that
a current ‘‘lags’ behind the voltage in a
circuit which has a preponderance of induc-~
tance and that the current ‘‘leads” the voltage

in a circuit where capacity predominates. Fig,
310 shows three possible conditions in an alter-
nating current circuit. In the first, when the
load is a pure resistance, both voltage and
current rise to the maximum values simul-
taneously. In this case the voltage and current
are said to be in phase. 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 com-
plete 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 fre-
quently encountered in radio work is that
between two alternating currents of identical
frequency flowing 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 ampli-
tude of the combination then being the arith-
metical sum 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

£
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I_" ig. 310 — Voltage and current phase relations with
resistance and reactance circuits.
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. known a8 phase 0pposition of, more commonly,
out of phase.

Impedance (Z)

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

Z =+R*+4 X2
where R is the resistance and X is the react-
ance. The terms Z, R and X are all expressed
in ohms. Ohm’s Law for alternating current
circuits then becomes

E E
=7 zZ =1

When a circuit contains resistance, capaci-
tance and inductance, all three in series, the
value of reactance will be the difference be-
tween that of the coil and that of the condenser.
Since for a given coil and condenser the induc-
tive reactance increases with frequency and
capacitive reactance decreases with frequency,
the inductive reactance (designated Xy) is
conventionally considered positive and the
capacitive reactance (X¢) negative. The net
impedance X = X7 — X¢.

In finding the current flow through a con-
denser in an alternating current circuit we can

I E=1Z

E
usually assume that I = X0 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 resist-
ance in series with the condenser, however, it
can be taken into account in exactly the same
manner as the resistance of the coil. The im-
pedance of the condenser-resistance combina-
tion is then computed and used as the Z term
in the Ohm’s Law formulas.

Resonance

It has been shown that the inductive react-
ance of a coil and the capacitive reactance of a
condenser are oppositely affected with fre-
quency. 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 induc-
tive 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
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be 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
—-— 6
gavic <0
where
f is the frequency in kilocycles per second
2% is 6.28
L is the inductance in microhenrys (uh.)
C is the capacitance in micro-microfarads
(uufd.)
The resonance equation in terms of wave-
length is

A = 1.885v/ Ly, Cupsa.

where
A is the wavelength in meters
Lpy. is the inductance in microhenrys
Cuuya. is the capacitance in micromicrofarads

All practical tuned circuits can be treated
as either one of two general types. One is the
series resonant circuit in which the inductance,

3 H
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Fig. 311 — Characteristics of series-resonant and
parallel-resonant circuits.

capacitance, resistance and source of voltage
are in series with each other. With a constant-
voltage alternating current applied as shown in
A of Fig. 311 the current flowing through such
a circuit will be maximum at resonant fre-
quency. 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 b and
¢ being for greater resistances.

The second general case is the parallel reso-
nant 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
geries with it as in A. Here we are not primarily
interested in the current flowing through the
circuit but in its characteristics as viewed from
its terminals, especially in the parallel im-
pedance 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 reso-
nance 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 dia-
grams of the equipment described in subse-
quent chapters will show.

High parallel impedance is generally desira-
ble in the parallel resonant circuit and low
series impedance is to be sought in series reso-
nant 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 fre-
quency as the internal series resistance is
increased, but are of the same shape for all re-
sistances at frequencies further removed from
resonance frequency. The relative sharpness of
the resonance curve near resonance frequency
is a measure of the sharpness of tuning or
selectivity (ability to discriminate between
voltages of different frequencies) in such cir~
cuits. 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 Me. and higher), the efficiency of
the coil is normally the important thing de-
termining 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.

_2afL
R
The value of @ is determined directly from

the resonance curve of either a series-resonant
or parallel-resonant circuit as shown in Fig.
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Fig. 312 — How the value of Q is determined from the
resonance curve of a single circuit.

312. It is given by the ratio of the resonance
frequency to the difference between the fre-
quencies 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 @ 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 in-
ductances. 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 be-
comes 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
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Fig. 313 — The impedance of a parallel-resonant
circuit separated into its reactance and resistance
components. The parallel resistance is equa! to the
parallel impedance at resonance.

reactance to make up the impedance. The re-
active nature of parallel impedance at fre-
quencies off resonance is important in & num-
ber 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.)

2
Resonant impedance = RLC' = (lﬂgL—)
. 2xf, L
Since R Q,
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Resonant impedanes = (2-f.L)Q

In other words, the impedance is equal to the
inductive reactance of the coil (at resonant
frequency) times the @ of the circuit. Hence,
the voltage developed across the parallel
resonant circuit will be proportional to its Q.
For this reason the @ 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 @
of a circuit is related to the frequency stability
of an oscillator in which it is used, the fre-
quency stability being generally better as the
circuit @ 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 nor-
mal inductance for the frequency or applica-
tion.

Piezo Electricity

Properly-ground crystals of quartz, tourma-
line and other materials show a mechanical
strain when subjected to an electric charge
and, conversely, will show a difference in po-
tential between two faces when subjected to
mechanical stress. This characteristic is called
the piezo-electric 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 @
and as such is used to replace the frequency-
determining 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).

o CIRCUITS WITH DISTRIBUTED CON-
STANTS — ANTENNAS AND R.F. CHOKES

In addition to resonant circuits containing
lumped capacitance and inductance, there are
important tuned circuits which utilize'the dis-
tributed capacitance and inductance that are
inevitable even in a circuit consisting of a
single straight conductor. Transmitting and
receiving antennas are such circuits and de-
pend 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
throughoutits 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 mazrimum
at the center and zero at the ends. On the other
hand, the voltage will be mazimum al the ends
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and zero al the center. The explanation of this is
that the traveling waves on the wire are re-
flected when they reach an end. Succeeding
waves traveling toward the same end of the
wire (the incident waves) meet the returning
waves (reflected waves) and the 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 can-
cel at the ends. A continuous suecession of such
incident and reflected waves therefore gives
the effect of a standing wave in the circuit.

A gimilar standing-wave or straight-line
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 im-
pedance between its ends at its resonant fre-
quency and also, as will be 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. Prac-
tically the same results are obtained with
chokes consisting of a number of layer-wound
sections, with all the sections connected in
series.

Frequency and Wavelength

Although it is possible to describe the con-
stants of such line circuits in terms of in-
ductance 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 propor-
tional to lowest resonant frequency. Since the
velocity of the waves in space is 300,000 kilo-
meters (186,000 miles) per second, the wave-
length of the waves is

_ 300,000
T,

where A is the wavelength in meters and fi.. is
thefrequency in kilocycles. The electricallength
of an antenna is specified in terms of the wave-
length 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 physi-
cal 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 less in a conductor than in space. It is com-
mon to describe antennas as half-wave, quarter-
wave, etc., for a certain frequency (“‘half-wave
7000-ke. antenna,” for instance).

A
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Wavelength is also used interchangeably
with frequency in describing not only antennas
but also for tuned circuits, complete trans-
mitters, receivers, etc. Thus the terms ‘‘high-
frequency receiver” and ‘‘short-wave re-
ceiver,” or “75-meter fundamental antenna’
and ‘“4000-kilocycle fundamental antenna’
are Synonymous,

Harmonic Resonance

Although a coil-condenser combination hav-
ing lumped constants (capacitance and in-
ductance) resonates at only one frequency,
circuits such as antennas containing distrib-
uted constants resonate readily at frequencies
which are very nearly, although not exactly,
integral multiples of the fundamental fre-
quency (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 second harmonic, and
80 on.

Fig. 314 illustrates the distribution of the
standing waves on a Hertz antenna for
fundamental, second and third harmonic ex-

2nd Harmonic
Fundamental or 1%¢
Harmonic
3rd Harmonic
a
a
R 2 ¢ d e /

a- Current Maxima (anti-nodes)
be.def — Current Nodes

Fig. 314 — Standing-wave current distribution on an
antenna operating as an oscillatory circuit at its funda-
mental, second harmonic and third harmonic frequencies.

citation. There is one point of maximum cur-
rent 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 nodes.

Radiation Resistance

It will be remembered thatit wasshown 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 radiated. 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 resist-
ance 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
resonance curve of such a straight-line circuit
is quite broad. In other words, its @ is relatively
low. However, by folding the line, as suggested
by Fig. 315, the fields about the adjacent sec-
tions 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 direction 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 stand-
ing waves on the line and it would be, in effect,
non-resonant. The input impedance of such
& line would have a definite value (resistive)
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Fig. 315 — Standing wave and instantaneous current
conditions of a folded resonant-line circuit.
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determined, practically, by the size cf the
wires, their spacing and the dielectric between
them. This impedance is called the surge im-
pedance 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 reflec-
tions 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 an-
tenna 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, B and 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 circu-
lating in one LC branch flows through the com-
mon element (C, R or L) and the voltage de-
veloped across this element causes current
flow in the other CL branch. Other types of
coupling are the indirect capacitive and irans-
former or induclive shown below the others.
The coupling most common in high-frequency
circuits is of the latter type. In such an ar-
rangement the coupling value may be changed
by changing the number of active turns in
either coil or by changing the relative posi-
tion of the coils (distance or angle between
them).

All of the above coupling schemes may be
clagsified 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 of Coupling (k)

The common property of two coils which
gives transformer action is their mutual in-
ductance (M). Its value is determined by self-
inductance 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
1009%,) 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
V' LLy

in which % is the coefficient of coupling ex-
pressed either as a decimal part of 1, or, when
multiplied by 100, as a percentage; M is the
mutual inductance; L; is the self-inductance
of one coil; and Lj is the self-inductance of the
other coil. M, Ly 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 con-
siderably less than the critical value, even
though this reduces the amplification or gain.

k=

Impedance Matching

It should be kept in mind that, as has been
previously mentioned, both single resonant
circuits and coupled circuits are used in con-
junction with other circuit elements. These
other elements introduce resistance into the
resonant circuits, and modify the constants
that they would have by themselves. In prac-
tice it is seldom possible for the amateur to pre-
calculate the effect of such reactions, since the

other quantities are usually

] r 1 1 LS unknown. In any case, it is
S T_‘j_T = j— E usually necessary to arrive at

Ly e ==Cu S $Rm 5 ““best conditions” by the

[ & 3 practical process of adjust-
A- /nductive B~ Capacitive C - Resistive ment. However, theforegoing

DIRECT COUPLING METHODS

general information is helpful
in preliminary design or choice of tuned
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Fig. 316 — Basic types of circuit coupling.
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circuit combinations,and in understanding
why certain changes are likely to cause
different behavior in cireuit performance.

It is a well-known principle in radio
circuit design that the maximum gross
power of a generator, such as a vacuum
tube, will be delivered to its load when the
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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 maiched by the load resist-
ance. Although this particular state-
ment is literally true, it might not de-
scribe the most desirable condition of load-
ing. For one thing, the efficiency would be
only 50%, half the power being consumed in
the generator and half in the load. From
the principle, however, has grown up a sys-
tem of more or less standard practice in de-
signing radio circuits which comes under the
broad heading of impedance matching. The
term means, generally, that the load impedance
presented to the source is transformed to suil
given requirements. This is accomplished by
transformers and other coupling devices.

Iron-core transformers are widely used for
coupling between load and vacuum-tube in
audio-frequency amplifiers, for instance. In
such cases the value of proper load resistance
(load impedance) for maximum undistorted
power output will be given for the tube. This
load resistance, it will be noted, is not the same
as the rated plate resistance of the tube,
which is equivalent to its internal resistance as
a generator. A second figure will be given for
the actual impedance of the load device to
which the tube must supply undistorted power.
The matching of this load to the given require-
ments of the tube is the job of the coupling
transformer, the job being to make the actual
impedance of the load device appear as the
rated load impedance of the tube, so far as the
tube is concerned. This requires that the trans-
former have the proper ratio of secondary to
primary turns. The turn ratio will be equal to the
square root of the impedance ratio.

Ne _ |Z
N» Zy
where N, and N, are the numbers of secondary
and primary turns, Z, is the impedance of the
load device and Z, is the rated load resistance
of the tube. This will also be the voltage ratio
of the transformer,

Transformers are also used to provide proper
impedance matching in radio-frequency cir-
cuits, although here the problem is not one
of simply choosing a calculated turn ratio.
Rather, the right condition is arrived at by ad-
justment of turns and distance between coils.

Matching by Tapped Circuits
In addition to impedance matching by in-
ductive coupling with tuned cireuits, frequent
use is made of tapped resonant circuits. T'wo
methods for parallel resonant circuits are il-
lustrated in Fig. 317. In one case (A) the
tapping is across part of the coil, while in the
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Fig. 317 — Methods of tapping the parallel impedance
of resonant circuits for impedance matching.

other (B) it is across one of two tuning con-
densers in series. In both cases the impedance
between the tap points will be to the total imped-
ance practically as the square of the reactance
between the tap poinis 18 to the total reactance of
the branch in which the tapping is done. That is,
if the coil is tapped at a point where the re-
actance between the tap points is one-half
the total inductive reactance, the impedance
between these points will be (14)*> or one-
fourth the total parallel impedance of the cir-
cuit. The same will apply if the tap is made
across one of two equal capacitance condensers
connected in series. If the condenser across
which the tap was made had twice the capaci-
tance of the other, however, the impedance
Z, would be one-ninth the total, since the re-
actance between the tap points would then be
but a third — capacitive reactance decreasing
as the capacitance is increased.

Link Coupling

Another coupling arrangement used for im-
pedance matching radio-frequency circuit is
that known as link coupling. It is used for
transferring energy between two tuned circuits
which are separated by space so that there is
no direct mutual coupling between the two
coils. It is especially helpful in minimizing in-
cidental capacitive coupling between the two
circuits due to the distributed capacitance of
the windings, thereby minimizing the transfer
of undesired harmonic components of the de-
sired fundamental. Two typical versions of
link coupling are shown in Fig. 318. Both rep-
resent an impedance step-down from one tuned
circuit to the coupling line, and then an im-
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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. 318-A will be
recognized as an adaptation of the impedance-
tapping 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 ar-
rangement of 318-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 sine-
wave 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 inte-
grally related, as shown in Fig. 319. Any com-
plex wave-form can be resolved into a funda-
mental frequency and a number of whole-
number 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 com-
plex wave will depend on the number and
amplitude of the harmonics and the phase
angles between the harmonics and the funda-
mental.

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
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Fig. 319 — A complex wave and its sine-wave com-
ponents,
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frequencies, and it is said that the device
“distorted” the wave-form of generated har-
monics. Under certain conditions, vacuums~
tube 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
ag for a pure sine wave of the same maximum
value. Instead, the effective value for the com-
plex 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 = VE? ¥ E + Ef
where E is the effective value for the complex
wave, and Ei, Es, 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 simul-
taneous flow of alternating and direct current
in a circuit. When this occurs there is a pulsat-

CURRENT OR VOLTAGE

TIME e

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 s
equal to the square root of the sum of the effective
a.c. squared and the d.c. squared.

I'=VLE+ 1

where [, is the effective value of the a.c.
component, I is the effective value of the
combination and I 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, multi-
plied by 1.414. If the a.c. component is not
sinusoidal the maximum value will have 2
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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 differ-
ent 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 ele-
ment having unilateral or one-way current
flow properties, not only will the two original
frequencies be present in the output but also
currents having frequencies equal to the sum,
and difference, of the original frequencies.
These sum and difference frequencies are called
the beal frequencies. For example, if frequen-
cies of 2000 and 3000 kc. are present in a
normal circuit, only those two frequencies exist,
but if they are passed through a unilateral-
element (such as a properly-adjusted vacuum
tube) there will be present in the output not
only the two original frequencies of 2000 and
3000 ke. but also currents of 1000 (3000 — 2000)
and 5000 (3000 4 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 uni-
lateral (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 in-
creased, 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. Elec-
trons at rest in the form of static (meaning
still) charges; electrons moving in one direction
forming direct-current flow; electrons moving
back and forth at regular periods to form alter-
nating current, and, when the frequency be-
comes great enough, radiating their energy
out into space. One thing is important: The

radio-frequency currents in the antenna set up
fields 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 be-
come familiar with the symbols used to repre-
sent the various components. It should be re-
membered that, unless it is so labeled, a wiring
diagram is not necessarily a ‘“picture diagram”
and therefore does not show the relative posi-
tion 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 im-
pairing 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. It should be understood from the
start that a ground connection does not neces-
sarily mean that connection to the earth is
essential for the proper operation of the equip-
ment, 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 opera-
tion of the equipment. In a receiver or trans-
mitter, 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 suit-
able 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 reclaim-
ing it at the receiving end. The transmitting
station requires, first of all, a means for gener-
ating the radio-frequency energy, and this is
done by converting direct current or low-fre-
quency 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 intelli-
gence 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 ampli-
fied, 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 vacuum-
tube 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 radio-
telegraph transmission, an oscillator near the
frequency of the signal beats with the signal in
the detector to generate a beat frequency

e el

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, and 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
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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 i3 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

Phanes
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[OSCILLATORH AMPLIFIER

as a reclifier, to change alter-
nating current to pulsating

direct current. This alternat-
ing current can be anything
from the 60-cycle kind to the
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POWER. SUPPLY (m used for C. W),
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Fig. 321 — A complete radio system. The power
supply of the transmitter furnisbes power that is ehanged
to radio-frequency energy and fed to the antenna. The
oscillator determines the frequeney of the radio-fre-
quency power. A modulator, for voice work, or a key for
radiotelegraph, varies the power fed to the amplifier
and hence the power reaching the antenna, Weak radio-
frequency currents induced in the receiving antenna are
deteeted and amplified, and are heard in headphones or
a loudspeaker.
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highest radio frequencies,
making it possible to use the
diode as a rectifier in power
supplies furnishing direct cur-
rent for our transmitters and receivers or to
use it asa rectifier (detector) of radio-frequency
current in receivers.

The performance of the tube can be reduced
to easily-understood terms by making use of
what are known as tube characteristic curves. A
typical characteristic curve for a diode is
shown at the right in Fig. 322. It shows the

Loudspeaker
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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 conirol 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 de-
crease in plate current. When a resistance or
impedance is connected in the plate circuit, the
variation in plate current will cause a variation
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Fig. 323 — A typical audio-frequency amplifier using
a triode tube.

in voltage across this load that will be a magni-
fied 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
tube is capable is known as its amplification
factor, designated by x (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 character-
istic is the plate resistance, designated r,. 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 de-
scribing the properties of a tube is mutual
conductance, designated by gm and defined as
the rate of change of plate current with respect
to a change in grid voltage. The mutual con-
ductance is a rough indication of the design
merit of the tube. It is expressed in micromhos,
the ratio of amplification factor to plate re-
sistance, multiplied by one million. These tube
characteristics are inter-related and are de-
pendent 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 varia-
tion 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 refer-
ence 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 off) 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 cur-
rent that will flow at specific grid and plate
voltages in the absence of any output device
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in the plate circuit for transferring the plate
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 vacuum-
tube amplifier. Class-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 resis-
tor; 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 alter-
nating voltage to be developed across Rp. This
voltage is the useful output of the tube.

The load impedance or load resistance, Ry,
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 im-
pedance of the actual device used is consider-
ably different from the optimum load imped-
ance, the tube and output device must be
coupled through a transformer having a turns
ratio such that the impedance 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 to run into the lower- or upper-bend
regions of the curve. If this occurs the output
waves will be flattened or distorted. If the
operating point is set towards the bottom or
the top of the curve there will also be distor-
tion 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 so 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 the
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 funda-
mental plus second and higher harmonies.

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 tubes
used; the exciting voltage required, however,
is the same as for one tube.

An increase in power output also can be
secured by connecting two tubes in push-pull,
the grids and plates of the two tubes being
connected to opposite ends of the circuit, re-
spectively. Parallel and push-pull operation
are illustrated in Fig. 325. A ‘““balanced’” cir-
cuit, in which the cathode returns are made to
the midpoint of the input and output devices,
is necessary with push-pull operation. An al-
ternating current flowing through the primary
of the input transformer in the push-pull dia-
gram will cause an alternating voltage to be

E

Fig. 325 — Parallel and push-pull amplifier con-
nections.
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induced in the secondary winding; since the
ends of the winding will be at opposite poten-
tials 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 there-
fore 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, ete.) distortion is cancelled in
the symmetrical plate circuit, so that for the
same output the distortion will be less than
with parallel operation. It follows that for a
given degree of distortion the push-pull am-
plifier is capable of delivering somewhat more
power than a parallel amplifier.

R.F. and A.F. Voltage and Power Amplifiers

The major uses of vacuum tube amplifiers
in radio work are to amplify at audio frequen-
cies (approximately 30 to 15,000 cycles per
second) and to amplify at radio frequencies
(up to 60,000 ke, or higher). The audio-fre-
quency 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 asso-
ciated with non-resonant or untuned ecircuits
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 there-
fore associated with resonant circuits tunable
to the desired frequency.

An audio-frequency amplifier may be con-
sidered a broad-band amplifier; most radio-
frequency amplifiers are relatively narrow-
band 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 in-
tended 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 voliage amplifier, while the latter is a power
amplifier.

In audio circuits, the power tube or output

tube in the last stage usually is designed to
deliver a considerable amount of audio power,
while requiring but negligible power from the
input or exciting signal. The power amplifica-
tion — ratio of output power to power supplied
the grid circuit — is consequently very high.
Such tubes generally require a large grid volt-
age swing for full power output, however, so
that the voltage 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, em-
ploying tubes of high u 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.
Bias

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 cir-
cuit of the tube, asshown 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 ¢f plate
current through the resistor is used as the
source of bias potential. This is called cathode
btas. In multi-element tubes, the current
through this resistor will be the summation of
the plate and sereen (and suppressor) currents.
The condenser across the resistor acts as a low-
impedance 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 grid, reduc-
ing the amplification of the tube. This 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.

Fig. 326 — Three methods of obtaining
grid bias. Battery bias is shown at A, cathode 5/7”0/ 577”4/ S/q/m/
bias at B, and grid-leak bias at C.
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This current, flowing through the grid-leak
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 re-
quires 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.

E X 1000
I

where R. = cathode bias resistor in chms

E = desired bias voltage

I = total d.c. cathode current in milli-

amperes

E and I can be found from the tube tables.
Screen- and suppressor-grid currents should be
included with the plate current in multi-
element tubes to obtain the total cathode
current, and also the control-grid current if the
control grid is driven positive during operation.

For grid-leak bias, R, = w

where R,; = 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 grid-
leak resistor, the value of resistance becomes
one-half what it would be for one tube.

For cathode bias, R, =

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 Class-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 cut-
off is reached. The plate current is constant
both with and without an exciting signal. The
chief characteristics of the Class-A ampli-
fier are low distortion, low power output for a
given size of tube, and a high power-amplifica-
tion 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 audio sys-
tems, operating loud speakers in radio receivers

42 CHAPTER THREE

and public-address systems, and a8 modulators
in radiotelephone transmitters. Class-A voltage
amplifiers are found in the stages preceding the
power stage in such applications, and as radio-
frequency amplifiers in receivers.

Class-B Amplifiers

The Class-B amplifier is primarily one in
which the output current, or alternating com-
ponent 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 ampli-
fier is proportional to the square of the exciting
grid voltage.

The distinguishing operating condition in
Class-B service is that the grid bias is set so
that the plate current is relatively low without

oralit
ot

PLATE CURRENT Jp

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 Class-
B operation with the tube biased practically to
cut-off. In this operating condition plate cur-
rent flows only during the positive half-cycle of
excitation voltage. No plate current flows dur-
ing the negative swing of the excitation voltage.
The shape of the plate current pulse is es-
sentially 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 effi-
ciency (50% to 609% 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 trans-
mitters after modulation has taken place.

For audio-frequency amplification, two
tubes must be used to permit Class-B opera-
tion. 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
distortionless 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 isfed to a transformer T,
whose secondary is divided into two equal
parts, with the tube grids connected to the
outer terminals and the grid bias fed in at the
center., A transformer T2 with a similarly-
divided primary is connected to the plates of
the tubes. When the signal swing in the upper
half of T is positive, Tube No. 1 draws plate
current while Tube No. 2 is idle; when the
lower half of T'| becomes positive, Tube No. 2
draws plate current while Tube No. 1 isg idle.
The corresponding voltages induced in the
halves of the primary of T2 combine in the
secondary to produce an amplified reproduc-
tion 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 desig-
nated as Class C. Fundamentally, the Class-C
amplifier is one operated so that the alternat-
ing 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 in-
herent 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 dur-
ing only a fraction of the positive excitation
cycle. The exciting signal should be of suffi-
cient amplitude to drive the plate current to

the saturation point, as shown in Fig. 329.
Since the grid must be driven far into the posi-
tive region to cause saturation, considerable
numbers of electrons are attracted to the grid
at the peak of the cycle, robbing the plate of
some that it would normally attract. This
causes the droop at the upper bend of the char-
acteristic, and also causes the plate current
pulse to be indented at the top, as shown. Al-
though the output wave-form is badly dis-
torted, 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
radiofrequency power amplifiers, and have
very little audio-frequency application. Al-
though 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.

PLATE CURRENT, [f

Signal

Fig. 329 — Class-C amplifier operation.

Other Amplifier Classifications

Since the three fundamental amplifier clas-
sifications represent three distinct steps in the
operation of vacuum tubes, there are inter-
mediate 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 exciting-
voltage 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-AB
amplifier lie between those obtainable with
pure Class-A or Class-B operation. Class-AB
amplifiers tend to operate Class-A with low
signal voltages and Class-B with high signal
voltages, thus overcoming the chief obhjec-
tion to Class-B operation — the distortion
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present with low-input-signal voltages. The
Class-AB amplifier is widely used where it is
necessary to obtain a power output of consider-
able magnitude with a minimum of distortion.

® GENERATING RADIO FREQUENCY
POWER

Because of its ability to amplify, the vac-
uum 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 alternat-
ing 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 be-
tween the plate and grid circuits is inductive
(by means of coils), while in B the coupling is
capacitive (through a condenser). In the cir-
cuit of A the frequency of oscillation will be
very nearly the resonant frequency of the

Grid Bros
Leak

Indirctive
Feed-Back
Coupling

L

r

Fig. 330 — Two general types of oscillator circuits.

tuned circuit L1C), while in B the frequency of
oscillation will be determined jointly by L,C:
and L»Cs. At high radio frequencies the in-
herent 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 be-
tween grid and plate is not necessary.

There are many other arrangements of os-
cillator circuits but all utilize either inductive
or capacitive feed-back. They will be treated in
following chapters.
® DETECTION

Since the frequencies used in radio trans-
mission are merely carriers bearing modula-
tion, 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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in effect detached from the carrier wave and
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 ac-
cordance with the audio-frequency modulation
envelope. The first type of detector is the diode,
or simple rectifier, the operation of which al-
ready has been explained. Multi-element tubes
can be operated either as ‘“grid” or *‘plate”
detectors, depending upon whether the recti-
fication takes place in the grid or plate circuits.

Plate Detectors

The circuit arrangement of a typical plate
detector is shown at 4 of Fig. 331. Its operating
characteristics are illustrated at A of Fig. 332.
The circuit L,C) 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 con-
denser C being connected across the plate load
to by-pass radio frequency. As shown at 4 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 modu-
lated signal as shown there will be a variation
in plate current conforming to the average
value of the positive half-cycles of radio fre-
quency. This variation corresponds to the en-
velope, representing an audio-frequency cur-
rent 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 dia-
phragms 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 r.f. voltage developed across it is
applied between the grid and cathode. How-
ever, 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 volt-
age 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 de-
creases 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 varia-
tions in plate current reproduced in the
'phones.

Regenerative 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 by-
pass radio-frequency components in the out-
put. 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 regenera-
tion of the signal gives a tremendous increase in
detector sensitivity. If the regeneration is
sufficiently great the circuit will 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.

Oscillating Detectors

When a regenerative detector is made to
oscillate by increasing the regeneration too
far, the detector becomes useful in the recep-
tion of code or c.w. signals. Since a c.w. (con-
tinuous wave) signal is nothing more than a
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Fig. 331 — Detector circuits of three types. A, plate
dete_ctlon; B, grid detection; C, regenerative grid de-
tection.

carrier being rapidly switched on and off, there
is no change in amplitude except at the in-
stants of turning it on and off. Hence no
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Fig. 332 — Operating characteristics of plate and grid
detectors.

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. How-
ever, 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 signal voltage fed to
the grid. For many years the standard method
of ¢.w. reception was by means of an oscillat-
ing detector, but it has been superseded by
the superheterodyne method of reception
(treated later).

® SUPERREGENERATION

The limit to which regenerative amplifica~
tion can be carried is the point at which the
tube starts to oscillate, because when oscilla-
tions commence, further regenerative amplifi~
cation ceases. To overcome this limitation and
give still greater amplification, the superregen-
erafive circuit has been devised. Essentially,
the superregenerative detector is similar to the
ordinary regenerative type but with a com-
paratively low-frequency super-audible (above
audibility) signal introduced in such a way as
to vary the detector’s operating point. As a
consequence of the introduction of this quench
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or interruption frequency the detector can oscil-
late at the signal frequency only when the
moving operating point is in a region suitable
for the production of oscillations. Because
the oscillations are constantly being inter-
rupted, the signal can build up to relatively
tremendous proportions, and the superregen-

Quench frequency
Fig. 333 — An elementary superregenerative eireuit.

erative detector therefore is extremely sensi-
tive, 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
tetrodes, while if a fifth element is added the
tube is known as a penfode. Many element
combinations and structures become possible
as the number of electrodes is increased, but
only a few have practical applications.

Tetrodes — Beam Tubes

In the section on tube oscillators it was ex-
plained 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 electro-
static shield between the control grid and
plate, is added, the grid-plate capacity can be
reduced to a value which will not permit oscil-
lations 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 attainable in triodes of practicable
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 installa-
tions. 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 elec-
trostatic 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
bigher power sensitivity — ratio of power out-
put 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 emis-
sion overcome. Beam tubes are used both in
audio amplifiers and radio-frequency trans-
mitting circuits,

Pentodes

The addition of the screen grid in the ordi-
nary 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, caus-
ing secondary emission. In the triode, ordinar-
ily operated with the grid negative with respect
to cathode, these secondary electrons are re-
pelled back into the plate and cause no dis-
turbance. 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, which may be the
case during part of the a.c. cycle when the
instantaneous plate current is large.

To overcome the effects of secondary emis-
sion 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 plate-
current flow. Larger undistorted outputs there-
fore can be secured from the pentode.

Pentode-type screen-grid tubes are used as
radio-frequency voltage amplifiers, and in ad-
dition 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 audio-
frequency 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 becn de-
veloped 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 ampli-
fier-portion structure. These types are known
as duplex-diode triodes or duplex-diode pen-
todes, 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 pen-
tode in one bulb, for use where the oscillator
and first detector are preferably separately
coupled; while still another type (the 6L.7) 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-u” or ‘‘super-control’” types.
In the sharp cut-off type the amplification

factor is practically constant regardless of grid
bias, while in the variable-u type the amplifica-
tion factor decreases as the negative bias is
increased. The purpose of this design is to
permit the tube to handle large signal voltages
without distortion in circuits in which grid-
bias control is used to vary the amplification,
and to reduce interference from stations on
adjacent frequencies by preventing cross-
modulation. Cross-modulation is modulation
of the desired signal by an undesired one, and
is practically the same thing as detection.
The variable-u type of tube is a poor detector
in circuits used for r.f. amplification, hence
cross-modulation is reduced by its use.

Types of Cathodes

Cathodes are of two types, directly and in-
directly heated. Directly-heated cathodes or
filaments used in receiving tubes are of the
oxide-coated type, consisting of a wire or rib-
bon of tungsten coated with certain rare metals
and earths which form an oxide capable of
emitting large numbers of electrons with com-
paratively little cathode-heating power. Di-
rectly-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 impor-
tant, 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 ef-
fects which vary the plate current of the tube
at supply-frequency rate and thus produce
hum 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, en-
closing a tungsten wire which acts as a heater.
The heater brings the cathode thimble to the
proper temperature to cause electron emission.
This type of cathode is also known as the equi-
potential 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,

CHAPTER THREE 47



Reception of Radio Nignals

Receiver Characteristics — Detectors — Amplifiers — The
Superheterodyne — Single-Signal Reception

IN THIS chapter we shall discuss receivers de-
signed for use on frequencies lying between
1750 and 30,000 ke. The general principles to
be outlined are equally valid for the ultra-
high-frequency region (above 30,000 ke.), 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 charac-
teristies: sensitivity, selectivity, stability, fidel-
ity. 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 miecrovolts) which
must be applied to the input terminals of the
receiver to produce a specified audio-frequency

3
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Fig. 401 — Selectivity curve of a modern super-
heterodyne receiver. The relative response is plotted
against deviations above and below the resonance fre-
quency. The scale at the left is in terms of voltage
ratios; the corresponding decibel steps (see Chapter 20)
are shown at the right.
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power output at the loud-speaker or headset.
This is a measure of the amplification or 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.

Sinece noise, unlike the signal, does not have a
definite frequency but is spread over a wide
band of frequenecies, the noise output will de-
pend upon the width of the band of frequencies
to which the receiver will respond. The noise
output is consequently a funection of the
selectivity of the receiver.

Selectivity

Selectivity is the ability of a receiver to dis-
criminate against signals of frequencies differ-
ing from that of the desired signal. The overall
selectivity will depend upon the selectivity of
the individual tuned cireuits and the number
of such cireuits. It is also dependent upon the
frequeney characteristic of the audio amplifier
in the receiver; the smaller the band of audio
frequencies reproduced, the greater the con-
tribution of the audio amplifier to selectivity.

The selectivity of a receiver is shown graph-
ically by drawing a curve which gives the ratio
of signal strength required at various frequen-
cies off resonance, to the signal strength at
resonance, to give constant output. A reso-
nance curve of this type (taken on a typi-
cal communications-type superheterodyne re-
ceiver) is shown in Fig. 401, The band-width
is the width of the resonance curve (in eycles
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
8 given signal, although a receiver which at



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 prin-
cipally 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, ete.) 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 compo-
nents 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 intelligi-
bility. Considerably greater selectivity may be
used on this basis, with a resulting decrease
in interference. For keyed signals, the selectiv-
ity may be made extremely high without
destroying the intelligibility.

® 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 gensitivity, fidelity or linearity,
resistance, and signal-handling capability.

Detector sensitivity is the ratio of audio-
frequency output to radio-frequency input.
Linearity is a measure of the ability of the
detector to reproduce, as an audio frequency,
the exact form of the modulation on the in-
coming signal. The resistance of the detector
is important in circuit design, since a rela-
tively 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.

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 r.f. tuned circuit L:C,, with a coupling
coil Lj from which the r.f. energy is fed to
LgoCy; the diode, D, and the load resistance
R, and by-pass condenser C2. The flow of
rectified r.f. current through R; 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

Reception of Radio Signals

of the r.f. signal with modulation causes cor-
responding variations in the value of the d.c.
voltage across R;. The load resistor, R,
usually has a rather high value so that a fairly
large voltage will develop from a small recti-
fied-current flow.

In the circuit at 402-B, B; and C2 have been
divided for the purpose of filtering r.f. from the
output circuit; any r.f. voltage in the output
may cause overloading of a succeeding ampli-
fier tube. These audio-frequency variations
can be transferred to another circuit through
a coupling condenser, C; in Fig. 402, to a
load resistor B3, which usually is a ‘‘potenti-
ometer’’ so that the volume can be adjusted
to a desired level.

The full-wave diode circuit at 402-C is prac-
tically identical in operation to the half-wave
circuit, except that both halves of the r.f. cycle
are utilized. The full-wave circuit has the ad-
vantage that very little r.f. voltage appears
across the load resistor, Ri, because the mid-
point of Ls is at the same potential as the cath-

* ode or ‘“ground” for r.f.
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Fig. 402 — Simplified and practical diode detector
circuits. 4, the elementary half-wave diode detector;
B, a practical circuit, with r.f. filtering and audio output
coupling; C, full-wave diode detector, with output
coupling indicated. The circuit L2C; is tuned to the sig-
nal frequency; typical values for Cz2 and Ry in 4 and C
are 250 uufd. and 250,000 ohms, respectively; in B,
Cz and Cg are 100 uufd. each; Ri, 50,000 ohms; and Ra,
250,000 ohms. C4is 0.1 ufd. and R3, 0.5 to 1 megohm in
all three diagrams,
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Fig. 403 — Grid-leak detector circuits. 4, triode; B,
pentode. A tetrode may be used in tbe eireuit of B by
neglecting the suppressor-grid eonnection. Transformer
coupling may be substituted for resistance coupling in
A, or a high-inductance chokec may replace the plate
resistor in B. L1C1 is a cireuit tuned to the signal fre-
quency. The grid leak, Ri, may be conneeted directly
from grid to cathode instead of across the grid condenser
as shown. The operation with either connection will be
the same. Representative values are:

Component Circuit A Circuit B
Ce 100 to 250 uufd. 100 to 250 uufd.
Cs 0.001 to 0.002 ufd. 250 to 500 pufd.
Cs 0.1 ufd. 0.1 ufd.

Cs 0.5 pfd. or larger
r 1 to 2 megohms 1 to 5 megohms
Ra 50,000 ohms 100,000 to 250,000 ohms
Rs 50,000 ochms
R4 20,000 ohms
T Interstage audio
transformer
L 500-henry choke

The reactance of Ca must be small compared
to the resistance of R; at the radio frequency
being rectified, but at audio frequencies must
be relatively large compared to Ry. This condi-
tion is satisfied by the values shown. If the
capacity of C; is too large, the response at the
higher audio frequencies will be low.

Compared with other detectors, the sensitiv-
ity of the diode is low. Since the diode con-
sumes power, the @ of the tuned circuit is re-
duced, bringing about a reduction in selectiv-
ity. 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 corre-
sponds to the diode plate, and the rectifying
action is exactly the same. The d.c. voltage
from rectified current flow through the grid
leak, R biases the grid negatively with re-
spect to cathode, and the audio-frequency
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variations in voltage across Ry are amplified

through the tube just as in a normal a.f. ampli-
fier. In the plate circuit, Ry is the plate load
resistance and C3 a by-pass condenser to
eliminate r.f. in the output circuit. 4 is the
output coupling condenser. With a triode, the
load resistor By may be replaced by an audio
transformer, T, as shown, in which case Cy is
not used.

Since audio amplification is added to recti-
fication, the grid-leak detector has consider-
ably greater sensitivity than the plain diode.
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. Cj, the screen by-pass
condenser, should have low reactance for both
radio and audio frequencies. B3 and R4 con-
stitute a voltage divider from the plate supply
to furnish the proper d.c. voltage to the screen.
In both cirecuits, Ce must have low r.f. reactance
and high a.f. reactance compared to the re-

- gistance of R1; the same consideration applies

to C3 with respect to Rs.

The sensitivity of the grid-leak detector is
higher than that of any other type, and it is
therefore the preferred detector for weak sig-
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Fig. 404 — Cireuits for plate detection, A, triode; B,
pentode. L1C1 is tuned to the signal frequency. Typical
values for other constants are:

Component Circuit A Circuit B

Ce 0.5 ufd. or larger 0.5 ufd. or larger

C3 0.001 to 0.002 ufd. 250 to 500 uufd.

Cs 0.1 ufd. 0.1 ufd.

Cs 0.5 ufd. or larger

Ry 10,000 to 20,000 10,000 to 20,000 ohms
ohms ’

Ra 50,000 to 100,000 100,000 to 250,000 ochms
ohms

Ry 50,000 ohms

Ry 20,000 ohms



nals. Like the diode, it ‘‘loads” the tuned cir-
cuit and reduces its selectivity. The linearity
is rather poor, and the signal-handling capabil-
ity is limited.

The Plate Detector

The plate detector is a triode or screen-grid
tube arranged so that rectification of the r.f.
signal takes place in the plate circuit, as con-
trasted 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 sim-
ilar to the rectified current in a diode detector.

Circuits for triodes and pentodes are given in
Fig. 404. C; is the plate by-pass condenser, R, is
the cathode resistor which provides the operat-
ing grid bias, and Cz is a by-pass, for both radio
and audio frequencies, across R;. R 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 re-
sistance in Fig. 402. C4 is the output coupling
condenser. In the pentode circuit at B, B3 and
R, form a voltage divider to supply the proper
potential (about 30 volts) to the screen, and
C; is a by-pass condenser between the screen
and cathode. Cy 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 de-
tector. It will handle considerably larger sig-
nals 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 @ and selectivity.

Detection of Code (C.W.) Signals

In the detector circuits just described, audio-
frequency 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 head-
set or loud-speaker. These detectors, there-
fore, are not suitable alone for the aural recep-
tion 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 frequency, to beat with or
heterodyne the incoming signal. The beat-note
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is adjustable to any desired pitch by changing
the “local” frequency with respect to the sig-
nal frequency. The ‘‘local’” signal may be
generated by an oscillator, the output of which
is loosely coupled to the detector (beat os-
cillator), or by making the detector itself os-
cillate. The latter arrangement is called a
regenerative autodyne detector.
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Regenerative Detectors

The regenerative detector is enormously
more sensitive to weak signals than the non-
regenerative detectors previously described.
Regeneration also increases the effective @ of
the circuit and hence increases the selectivity,
by virtue of the fact that the maximum regen-
erative 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 con-
nection, 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 os-
cillating, 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 synchro-
nism 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 set-
ting is quite critical, and in practical circuits it
is difficult to get a system for regeneration con-
trol which does not also change the tuning of
the circuit to some extent. Again, if the de-
tector itself is coupled to an antenna, slight
changes in the antenna constants (as when
the wire swings in a breeze) affect the fre-
quency of the oscillations generated by the de-
tector, and thereby the beat frequency when
c.w. signals are being received. The regenera-
tion control setting also depends upon the
coupling between the antenna and the de-
tector 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 out-
side 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, re-
generation being controlled by adjustment of
the screen-grid voltage. The tickler is in the
plate circuit. As in the circuit of 4, the portion
of the control resistor between the rotating
contact and ground is by-passed by a large
condenser (0.5 ufd. or more) to filter out
scratching noise when the arm is rotated. The
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tickler should be adjusted so that the tube just

goes into oscillation at a screen voltage of ap-
proximately 30 volts. The circuit of C is also
for a screen-grid tube, but uses a variable by-
pass condenser for regeneration control, the
screen-grid voltage being fixed. When the ca-
pacity is small the tube does not regenerate,
but as it increases toward maximum its react-
ance 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 cathode-
to-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 screen-
to-cathode return circuit, and the screen
operates to furnish feed-back as a sort of auxil-
iary plate. Hence a smaller tickler winding is
required to give proper regeneration and oscil-
lation. 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 inter-
ests 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 all 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 re-
ceivers since, as explained in Chapter 2, the
amateur frequency assignments consist of
groups or bands of frequencies at widely-
spaced intervals. The same LC combination
cannot be used for, say, 14 Me. and 3.5 Mec.
It is necessary, therefore, to provide a means
for changing the circuit constants for various
frequency bands. As a matter of convenience,
the same tuning condenser usually is retained,
but new coils are inserted in the circuit for
each band.

There are two favorite methods of changing
inductances; one is to use a switch, having an
appropriate number of contacts, which con-
nects the desired coil and disconnects the
others. The second is to use coils wound on
forms with contacts.(usually pins) which can
be 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,



Plug-in coils are preferred by the great ma-
jority of home builders because it is easier to
work with them, and a compact circuit layout
is readily possible,

Band-Spread Tuning

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 tun-
ing 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 maximum-
minimum capacity ratio on each. Several of
these are shown in Fig. 406.

In A, a small band-spread condenser C)
(15 to 25 wuufd. maximum capacity) is used in
parallel with a condenser, Cy, which is usually
large enough (140 to 175 pefd.) to cover a wide
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frequency range. The setting of Cp will deter-
mine the minimum capacity of the circuit,
and the maximum capacity for band-spread
tuning will be the maximum ecapacity of Cy
plus the setting of C9. 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 al-
most impossible to get full band-spread on all
bands with the same pair of condensers espe-
cially when, as is often the case, the coils are
wound to give continuous frequency coverage
on Cq, which is variously. called the band-set-
ting or main-tuning condenser. Also, Cj
must be re-set each time the band is changed.

The method shown at B makes use of con-
densers in series, The tuning condenser, Cj,
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may have a maximum capacity of 100 pufd. 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 Cy, which is of the order of 25 to
50 uufd. This method is capable of close ad-
justment to practically any desired degree of
band-spread. €y and (3 must be adjusted for
each band or else separate pre-adjusted con-
densers must be switched in.

The circuit at C is probably the most pop-
ular with home constructors, since it gives
complete spread on each band and requires a
relatively small number of parts. Ci, the band-
spread condenser, may have any convenient
value of capacity; 50 uufd. is satisfactory. Cs
may be used for continuous frequency cov-
erage (‘“‘general coverage”) and as a band-
setting condenser. The effective maximum-
minimum capacity ratio depends upon the
capacity of Cs and the point at which C; is
tapped on the coil. The nearer the tap to the
bottom of the coil, the greater the band-
spread, and vice versa. For a given coil and
tap, the band-spread will be greater if Cq is
set at larger capacity. Cs 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-set-
ting Cy 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 re-
ceiver, and often only one.

In all except battery-operated receivers, the
negative grid bias of audio amplifiers is se-
cured from the voltage drop in a cathode re-
sistor. The cathode resistor must be by-passed
by a condenser having low reactance, at the
lowest audio frequency to be amplified, com-
pared to the resistance of the cathode resistor
(109 or less). In battery-operated sets, a
separate grid-bias battery generally is used.

Headset and Voltage 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, Re is the eathode bias
resistor and C; the cathode by-pass con-
denser. R;, the grid resistor, gives volume
control action; the nearer the variable arm to
the bottom of the resistor the smaller the volt-
age fed to the grid and hence the smaller the
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output. Its value ordinarily is from 0.25 to 1
megohm. C; is the input coupling condenser,
already discussed under detectors; it is, in
fact, identical to C; 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 high-
frequency response. This is helpful in reducing
hissing and crackling noises without disturb-
ing the intelligibility of the signal. R, and Cy
together in Fig. 407-D form an effective tone
control of this type. The maximum effect is se-
cured when R4 is entirely out of the circuit,
leaving Cy connected between grid and ground.
R4 should be large enough so that when it is
all in circuit the effect of Cy on the frequency
response is negligible.

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, R;, may be a potentiometer for
volume control as shown at R in Fig. 407. The
output transformer 7T, 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 interstage trans-
former, T';, has a center-tapped secondary,

54 CHAPTER FOUR

Fig. 407 — Audio amplifier
circuits for voltage amplifica-
f_i’__ tion and headphone output.
A.F.
Output

©®

with a secondary-to-primary turns ratio of
about 2 to 1. An output transformer, T3, with
a center-tapped primary must be used. No by-
pass condenser is needed across the cathode re-
sistor, 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 com-
pletely, since they tend to complicate the dia-
grams. With indirectly-heated tubes it is cus-
tomary to omit heater wiring, as in the dia-
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Fig. 408 — Audio power output amplifier circuits.



grams at A and D in Fig. 409. With a.c. heater
supply, the circuits at B and 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, in-
stead of the transformer center-tap; both
methods give satisfactory results. A 6-volt
storage battery may be substituted for the
transformer for battery operation.

In C and F are shown circuits for filament-
type 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 cathode-
drop 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 correspond-

FIL. TYPE
EQUIVALENT

ACTUAL

AS SHOWN

/\
R
i

Fig. 409 — Cathode circuits as represented in circuit
diagrams, and their equivalents,

ing types having indirectly-heated cathodes
by substituting Fig. 409-C for A, and 409-F
for D.

® SIMPLE RECEIVERS

In the circuits already described will be
found the elements of a complete receiver In
fact, a detector alone will suffice, aithough an
audio amplifier is n desirable pddition since it
increases the strength of the signals.

Reception of Radio Nignals

Fig. 410 indicates, in “‘block’’ form, the type
of receiver which for many years was the
standard amateur set. It consists of a regener-
ative detector followed by an audio amplifier.

REGENERATIVE
DETECTOR

AUDIO
AMPLIFIER

HEADPHONES
OR SPEAKER

Fig. 410 — A simple type of receiver.

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.

® 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
ratiois better than in the case of a de-
tector, which is an important con-
sideration 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
and plate circuits are tuned to the
same frequency. The amplifier oper-
ates Class A, without grid current.
The tuned grid circuit, L}, is
coupled through Ls to the antenna
(or, in some cases, to a preceding
stage). R and Cy are the cathode bias
resistor and cathode by-pass con-
denser, C; the screen by-pass condenser, and
Ry the sereen dropping resistor. L3 is the
primary of the output transformer, tightly
coupled to Ls which, with Cj, constitutes the
tuned circuit feeding the detector or a following
amplifier tube. L;C1 and L4Cs are both tuned to
the frequency of the incoming signal.

Shielding
The screen-grid construction prevents feed-
back from plate to grid inside the tube, but in
addition it is necessary to prevent transfer of
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energy from the plate circuit to the grid cir-
cuit 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 ca-
pacity coupling.

The shield around a coil will reduce the @ 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 14 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-Passing

In addition to shielding, good by-passing is
imperative. This is not simply a matter of
choosing the proper type and capacity of by-
pass condenser. Short separateleads from Cs and
C; to cathode or ground are a prime necessity,
since at the higher radio frequencies even an
inch or two of wire will have enough induct-
ance to provide feedback coupling, and hence
cause oscillation, if the wire happens to be
common to both the plate and grid circuits.

Gain Control

The gain of an r.f. amplifier usually is varied
by varying the grid bias. This method is ap-
plicable only to variable-uz type tubes, hence

- this type usually is found in r.f. amplifiers.
In Fig. 411, B3 and R4 comprise the gain-con-
trol circuit. R3 is the control resistor and R,
a dropping resistor of such value as to make the
voltage across the outside terminals of B3 about
50 volts. The gain is maximum with the vari-
able arm all the way to the left (grounded)
on Rg and minimum at the right. B3 could sim-
ply be placed in series with Ei, omitting R4 en-
tirely, but the range of control is limited when
this connection is used.
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Fig. 411 — The circuit of a tuned radio-fre-
quency amplifier. Circuit values are discussed in
the text.

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
(R1) would be connected together and to the
movable contact on Rj.

Circuit Values

The value of the cathode resistor, By, should
be calculated for the minimum recommended
bias for the tube used. The capacities of Cy,
C3; and C4 must be such that the reactance is
low at radio frequencies; this condition is
easily met by using 0.01-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. B3 must be selected on the basis
of the number of tubes to be controlled; a re-
sistor 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 de-
pend upon the frequency range, or band, being
covered. A fairly high L/C ratio should be
used on each band; this is limited, however, by
the irreducible minimum capacities. An allow-
ance of 10 to 20 uufd. must be made for tube
and stray capacity (the input and output ca-
pacities of r.f. 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 con-
nected to an antenna, the coupling coil Le
should be adjusted to provide an impedance
match between the antenna and grid circuit.
This will give maximum energy transfer. The
turns ratio L;/Ls will depend upon the fre-
quency, the type of tube used, the @ 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 con-
sideration which it is well to keep in mind if



selectivity is of more importance than maxi-
mum gain.

The output circuit coupling depends upon
the output resistance of the tube, the input
resistance of the succeeding stage, and the @
of the tuned circuit L4Cs. L3 is usually coupled
as closely as possible to L4 (this avoids the
necessity for an additional tuning condenser
across L3) and the energy transfer is about
maximum when Lz has 2§ to 4§ as many turns
as L, with ordinary receiving screen-grid
pentodes.

Ganged Tuning

The tuning condensers of the several r.f.
circuits may be coupled together mechanically
and operated by a single control. This oper-
ating convenience involves more complicated
construction, both electrically and mechan-
ically. It becomes necessary to make the
various circuits track — that is, at each set-
ting 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 con-
densers and matching the coil inductances. A
small trimmer or padding condenser is con-
nected across the coil so that variations in
minimum capacity can be compensated. The
fundamental circuit is shown in Fig. 412,
where C; is the trimmer and C: the tuning
condenser. The use of the trimmer further in-
creases the minimum circuit capacity, but is a
necessity for satisfactory tracking. Condensers
having maximum capacities of 15 to 25 uufd.
generally are used for the purpose.

The same methods are applied to band-
spread circuits which must be tracked. The
circuits are identical with those of Fig. 406,
although if both general-coverage and band-
spread tuning are to be available, an addi-
tional 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 Cs in Fig. 406-C
serve as trimmers. Fig. 406-A is not particu-
larly recommended for purely amateur-band
receivers.

The coil inductance can be adjusted by
starting with a larger number of turns than
necessary, then removing & turn or fraction of
a turn at a time until the circuits track satis-
factorily. An alternative method of adjusting

Fig. 412 — Showing the
use of a trimmer condenser
across the tuned circuit to
sct the minimum circuit
capacity for ganged tun-
ing.
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inductance, providing it is reasonably close to
the correct value initially, is to make the coil
so that the last turn is variable with respect to
the whole coil, or to use a single short-cir-
cuited 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 con-
ductor and the higher its temperature. This is
known as the thermal agitation effect, and

Fig. 413 — Methods of adjusting inductance for
ganging. The half turn in 4 can be moved so that its
magnetic field either aids or opposes the field of the coil.
The shorted loop in B is not connected to the coil, but
operates by induetion. It will have no 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
eoil inductanee when perpendicular to the coil axis,

it produces a hiss-like noise voltage distrib-
uted uniformly throughout the radio-fre-
quency 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 resist-
ance is low. Hence the higher the @ of the cir-
cuit the greater the thermal agitation noise.

Another component of hiss noise is devel-
oped in the tube, because the rain of electrons
on the plate is not entirely uniform. Small ir-
regularities caused by gas in the tube also
contribute to the effect. Tube noise varies
with the type of tube, and is proportional in a
general way to the inverse ratio of the mutual
conductance of the tube to the 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 @ 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 0.01-ufd. condenser and observ-
ing whether there is a decrease in noise. If
there is no change, the tube noise is greatly
predominant, indicating a poor signal-to-
noise ratio in the stage. The test is valid only
if there is no regeneration in the amplifier.
The signal-to-noise ratio will decrease as the
frequency is raised because it becomes in-
creasingly difficult to obtain a high-@ tuned
circuit.

The first stage of the receiver is the impor-
tant one from the signal-to-noise ratio stand-
point. Noise generated in the second and sub-
sequent stages, while comparable in magnitude
to that generated in the first, is masked by the
amplified noise and signal from the first stage.
After the second stage, further contributions
by tubes and circuits to the total noise are in-
consequential in any normal receiver.

Circuit Loading.

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 7 Mec. 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 r.f. 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 Mec., with certain tubes.

This input loading effect is in addition to
the normal decrease in the @ of the circuit
alone at the higher frequencies because of in-
creased losses in the coil and condenser. Thus
the selectivity and gain of the circuit are both
adversely affected.

Comparison of Tubes for the
R.F. Amplifier

At 7 Mec. and lower frequencies, the signal-
to-noise ratio, gain and selectivity of an r.f.
amplifier stage are sufficiently high with any
of the standard receiving tubes. At 14 Mec.
and higher, however, this is no longer true,
and the choice of a tube must be based on sev-
eral conflicting considerations.

Gain is highest with high mutual-conduct-
ance pentodes, the 1851 and 1852 being ex-
amples of this type. These tubes also develop
less noise than any of the others. The input-

loading effect is greatest with them, however,
80 that selectivity is decreased and the tuned-
circuit gain is lowered.

Pentodes such as the 6K7, 6J7 and corre-
sponding types in glass have lesser input-
loading effects at high frequencies, moderate
gain, and relatively-high inherent noise.

The ‘““acorn’’ pentodes, 954 and 956, are ex-
cellent from the input-loading standpoint,
the gain is about the same as with the stand-
ard types, and the inherent noise is somewhat
lower. They are rather difficult to handle me-
chanically, 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 185152 tubes are first, acorns second, and
standard pentodes third. The same order
holds for overall gain.

Receivers with R.F. Amplification

A stage of radio-frequency amplification
may be added to a receiver having a regener-
ative detector to form what is popularly called
8 tuned r.f. receiver. It is shown in block
diagram form in Fig. 414. The amplifier cir-
cuit of Fig. 411 is installed ahead of any of the
detector circuits of Fig. 405, with L;Cs in Fig.
411 becoming the tuned grid circuit of the de-
tector. The methods of ganging and band-
spreading already described may be applied
to the tuned circuits.

Although antenna loading effects are over-
come by using an r.f. amplifier stage before
the regenerative detector, the other disad-
vantages 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 dif-
ferent from that of the desired signal. The r.f.
stage increases the tendency of the detector to
block, since blocking is worse the greater the
signal strength. The selectivity becomes in-
creasingly poorer as the frequency is raised,
and is not high enough even at the lower fre-
quencies 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 superhetero-
dyne receiver.

® THE SUPERHETERODYNE

In the superheterodyne, or superhet, re-
ceiver the frequency of the incoming signal is

.Fig. 414 — Block diagram of a receiver
with tuned radio-frequency amplification

TUNED
RF AMD

REGENERATIVE
DETECTOR

AUDIO
AMPLIFIER

HEADSET OR
SPEAKER

preceding a regenerative detector and audio
amplifier.
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changed to a new radio frequency, the inter-
mediate 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 i.f. Fig.
415 gives the essentials of the superhet in
block form. The process of detection and audio
amplification is similar to that already de-
scribed. 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 fre-
quency.

A numerical example will help make the op-
eration of the receiver clearer. Assume that an
intermediate frequency of 455 ke, is chosen,
and that the incoming signal is on 7000 ke.
Then the h.f. oscillator frequency may be set
to 7455 ke. in order that the beat frequency
(7455 minus 7000) will be 455 kec. The h.f. os-
cillator also could be set to 6545 ke., 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 ke. or 456 ke.

The frequency-conversion process permits
r.f. 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. os-
cillator is working at a frequency considerably
removed from the signal frequency its stabil-
ity is practically unaffected by the strength of
the incoming signal.

Images

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

v
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and desired-signal and image voltages of equal
magnitude are alternately applied to the cir-
cuit, the ratio of desired-signal to image i.f.
output is called the signal-to-image ratio, or
image ratio for short,.

The image ratio depends upon the selectiv-
ity of the r.f. circuits preceding the mixer.
Also, the higher the intermediate frequency
the higher the image ratio, since raising the
i.f. 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 or-
dinary 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 devel-
oped. The signal- and oscillator-frequency
voltages appearing in the plate circuit are by-
passed to ground since they are not wanted in
the output. The i.f. tuned circuit should have
low impedance for these frequencies, a condi-
tion easily met if they do not approach the
intermediate-frequency.

The important characteristics of a mixer
are its conversion efficiency, and pulling
effect on the oscillator frequency. The effi-
ciency of the mixer is measured by the ratio
of i.f. output voltage from the plate circuit to
r.f. 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, particu-
larly 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 Mec.). 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 diffi-
cult 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,

RF | + JFREQUENCY{ | ILF SECOND AUDIO
Fig. 415 — The basic superhetero- AMPLIFIER| | CONVERTER AMPLIFIER DETECTOR AMPLIFIER
dyne arrangement.
HE BEAT
OSCILLATOR OSCILLATOR
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mixer tuning would have no effect on the os-

cillator frequency, but in practice this is a
difficult condition to attain. Pulling is a source
of oscillator instability and should be mini-
mized, because the stability of the whole re-
ceiver depends critically upon the stability
of the h.f. oscillator. The pulling effect de-
creases with the separation between the signal
and h.f. oscillator frequencies, hence is less
with high intermediate frequencies and greater
with low i.f.’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 os-
cillator voltage is capacity-coupled to the grid
of the tube in parallel with the tuned input
circuit. Inductive coupling may be used in-
stead. The conversion gain and input selectiv-
ity are generally good so long as the sum of the
two voltages (r.f. and oscillator) impressed on
the grid does not exceed the grid bias. It is de-
girable 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

57,606,607, etc.
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Fig. 416 — Mixer or Converter Circuits, 4, grid in-
jection; B and C, separate injection circuits for converter
tubes. If an 1851 or 1852 is used in circuit A, the cathode
resistor should be changed from 300 to 500 ohms.
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circuit at B. Although intended for combina-
tion oscillator-mixer use, this type of tube
usually will give more satisfactory performance
when used in conjunction with a separate os-
cillator, the output of which is coupled in as
shown. The circuit gives good conversion
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 con-
version 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 com-
ponents is required whether or not a combi-
nation 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-to-
noise ratio — comparable, in fact, to the gain
and signal-to-noise ratio obtainable with r.f.
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 ig-
nored. The 6SA7 is excellent in this circuit, al-
though 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 par-
ticular eare should be given this part of the re-
ceiver. 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 ma-
terials 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 fre-
quencies within the range of the receiver, and
its harmonic output should be as low as pos-



sible. When harmonics are present, they may
mix with incoming signals of frequencies far
removed from the desired frequency, to pro-
duce spurious signals at intermediate fre-
quency.

Design Considerations

No matter what the circuit chosen, it is
desirable to make the L/C ratio in the oscil-
lator tuned circuit as low as possible (high-C)
since this results in increased stability in al-
most every respect. It is not hard to do this in
amateur-band receivers, since there is consid-
erably greater freedom in design than in the
case of receivers intended for continuous cov-
erage.

Particular care should be taken to insure
that no part of the oscillator circuit will vi-
brate 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 construc-
tion is well repaid by increased frequency sta-
bility,

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. 4 and B will give about the
same results, and require only one coil. How-
ever, in these two circuits the cathode is above
ground potential for r.f., which often is a
cause of hum modulation of the oscillator out-
put at 14 and 28 Mec. 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 advan-
tageous in construction, however, because it
makes the feedback adjustment simpler me-
chanically.

Besides the use of a fairly high C/L 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 simultane-
ously; too little feedback will cause the output
to be low. In the tapped-coil circuits (4, B)
the feedback is increased by moving the tap
toward the grid end of the coil; in C, by in-
creasing the number of turns on Lg or by mov-
ing Lg closer to L.

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
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Fig. 417 — High-fre-
quency oscillator cir-
cuits. A4, screen-grid
groundcd-plate oscilla-
tor; B, triode grounded-
plate oscillator; C, triode,
tickler circuit. Coupling
to mixer may be taken
from points X and Y.
In 4 and B, coupling
from Y will reduce pull-
ing effects, but gives
less voltage than from
X; it is therefore best
adapted to those mixer
circuits with small os-
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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 (i.f.) between the two
circuits.

Tracking methods for covering a wide
frequency range, suitable for general-coverage
receivers, are shown in Fig. 418. The track-
ing capacity Cs commonly consists of two
condensers in parallel, a fixed one of some-
what less capacity than the value needed
and a smaller variable in parallel to allow for
adjustment to the exact proper value. In prac-
tice, the trimmer Cy is first set for the high-
frequency end of the tuning range and then
the tracking condenser is set for the low-
frequency end. The tracking capacity becomes
larger as the 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 accom-
panying table.

In amateur-band receivers tracking is sim-
plified by choosing a band-spread circuit
which gives practically straight-line-frequency
tuning (equal frequency 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 i.f. is 455 ke, and
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Fig. 418 — Converter circuit tracking methods. Ap-
proximate circuit valucs for 450- to 465-kc. intermedi-
ates with tuning ranges of approximately 2.15-to-1,
Cj and Cz having a maximum of 140 pufd. and the total
minimum capacitance, including Cs or Cq, being 30 to
35 upfd.

Tuning Range L1 Le Cs
1.7-4 Me. 50 wh. 40 ph. 0.0013 pfd.
3.7-7.5 Me. 14 ph. 12.2 ph. | 0.0022 pfd.
7-15 Me. 3.5 ph. | 3 uh. 0.0045 ufd.
14-30 Mec. 0.8 uh. 0.78 uh. None used

Approximate values for 450- to 465-ke. i.f. with a
2.5-to-1 tuning range, C: and Cz being 350-uufd.
maximum, minimum capacitance including Cz and
C4 being 40 to 50 uufd.

Tuning Range L Ls Cs
0.5-1.5 Me. 240 uxh 130 ¢h. 425 ppfd.
1.5-4 Mec. 32 uh. 25 uh. 0.00115 pfd.
4710 Me. 45 b, | 4 uh. 0.0028 ufd.
10-25 Me. 0.8 zh 0.75 gh, | None used

the mixer circuit tunes from 7000 to 7300 ke.
between two given points on the dial, then the
oscillator must tune from 7455 to 7755 ke. 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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quency; the same ig true of 406-A if C, is small
compared to Ca.

® INTERMEDIATE-FREQUENCY
AMPLIFIER

The selection of an intermediate frequency
is a compromise between various conflicting
factors. The lower the i.f., the higher the selec-
tivity and gain, but a low i.f. brings the image
nearer the desired signal and hence decreases the
image ratio. A low i.f. also increases pulling of
the oscillator frequency. On the other hand, a
high i.f. is beneficial to both image ratio and
pulling, but theselectivity and gain arelowered.
The difference in gain is least important.

An i.f. of the order of 455 ke. gives good se-
lectivity and is satisfactory from the stand-
point of image ratio and oscillator pulling at
frequencies up to 7 Mec. The image ratio is
poor at 14 Mec. when the mixer is connected
to the antenna, but adequate when there is a
tuned r.f. amplifier between antenna and
mixer. At 28 Mec., the image ratio is very poor
unless several r.f. stages are used. At both 14
and 28 Mec. 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 ke., satis-
factory image ratios can be secured on 14 and
28 Mec., and pulling can be reduced to negligi-
ble proportions. However, the i.f. selectivity
is considerably lower, so that more tuned cir-
cuits must be used to increase the selectivity.

In choosing an i.f. it is wise to avoid fre-
quencies on which there is considerable activ-
ity by the various radio services, since such
signals may be picked up directly on the i.f,
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 powdered-
iron-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 trans-
formers may be tuned by varying the in-
ductance (permeability tuning) in which case
stability comparable to that of variable air-
condenser tuning can be obtained by use of
high-stability fixed mica condensers. Such sta-
bility is of great importance in highly selective
i.f. amplifiers.

Intermediate-frequency amplifiers usually
consist of one or two stages. With modern
tubes and transformers, two stages at 455



ke. will give all the gain usable,
considering the noise level. If re-
generation 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. Alterna-
tive methods of gain-control
biasing, by-passing and decou-
pling are indicated. The method
of returning all by-passes to the
cathode shown in C is recom-
mended. Where two such stages
are used there will be a tendency
to instability and oscillation be-
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since this will have been deter- Fig. 419 — LF. amplifier circuits for three types of transformers. 4,

mined by the preceding mixer
and r.f. amplifier (if used).

If single-ended tubes are used, care should
be taken to keep the plate and grid leads well
separated. With these tubes it is advisable to
mount the screen by-pass condenser directly
across the socket between the plate and grid
pins to provide additional shielding, making
sure that the outside foil of the condenser is
connected to ground.

The Second Detector

The second detector of a superhet receiver
performs the same function as the detector in
the simple receiver, but usually operates at a
higher input level because of the relatively
great r.f. amplification. Therefore, the ability
to handle large signals without distortion is
preferable to high sensitivity. Plate detection is
used to some extent, but the diode detector is
the most popular. It is especially adapted to
furnishing automatic gain or automatic vol-
ume control (a.v.c.), which gives it an addi-
tional advantage. A wide variety of combina-
tions will be found, including circuits using
multi-element tubes which include diode
elements, but all are basically the same.

double-tuned; B, triple-tuned; C, high-gain iron core.

The Beat Oscillator

Any standard oscillator circuit may be used
for the beat oscillator. Special beat-oscillator
transformers are available, usually consisting
of a tapped coil with adjustable tuning; these
are most conveniently used with circuits such
as those shown at Fig. 417-B and -C, with the
output taken from “Y.” A variable condenser
of about 25 uufd. capacity often is connected
between cathode and ground to provide fine
adjustment of the beat frequency. The beat os-
cillator usually is coupled to the second de-
tector through a fixed condenser of a few uufd.
capacity.

The beat oscillator should be well shielded,
to prevent coupling to any part of the circuit
except the second detector, and to prevent its
harmonics from getting into the front end of
the receiver and being amplified like regular
signals. To this end, the plate voltage should
be as low as is consistent with sufficient audio
output. If the beat-oscillator output is too
low, strong signals will not give a proportion-
ately strong audio response, making the re-
ceiver sound as though it is being blocked.
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While & repenerative second detector may be
used to give the audio beat note, this is not de-
sirable, since it requires that the detector be
detuned from the 1.f. This reduces selectivity
and response, especially at the i.f.’s used, and
re-introduces the undesirable features of auto-
dyne reception.

Automatic Volume Control

Automatic regulation of the gain of the re-
celver 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 develogfed by the received sig-
nal across a resistance in a detector circuit
to vary the bias on the r.f. 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 typetube
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. rectifi-
cation. The detector diode plate is connected
directly to the “high” side of the i.f. trans-
former secondary, while the a.v.c. diode plate
is fed through the small coupling condenser
C3. 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 Rs, Rs
and R7.

It does not matter which of the two diode

plates 1s selected for audio and which for 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 cath-
ode 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.¢. 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 amplifica-
tion 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 con-
trolled 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 se-
lectivity 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 sig-
nal 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 noiseis about
the same.

The design is the same as dis-
cussed earlier in the chapter. An
external preselector stage may be
1Cs used with receivers having inade-
quate image ratios, in which case
it is built as a separate unit, often
with a tuned output circuit which
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Fig. 420 — Second-detector and ficst audio ciccuit with a.v.c.,

using duo-diode-triode tube.

Ri1 — 250,000 ohms, }4-watt.

Ra— 50,000 to 250,000 ohms,
1-watt.

Ra — 2000 ohms, }4-watt.

R4 — 2 to 5 megohms, L4-watt.

Rsy Re, R7—1 megohm, ¥%.
watt.

Cyq — 250 pufd.
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Rs — 500,000 ohms, ¥-watt.
Ro — 250,000 ohms, }5-watt.
Ci, Ca, Cs — 100 ppufd.

Cs, Co, Cr — 0.01 nfd.
Cs, Co — 0.01 to 0.1 pfd.
Ci0 — 5- to 10-ufd. electrolytic.

gives a further improvement in
selectivity.

® CRYSTAL FILTERS

The selectivity of the ordinary
if. 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



reception, although considerably greater selec-
tivity can be used without sacrificing intelli-
gibility.

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 @ of such a crystal is extremely high, so
that at a frequency of 450 ke., 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 inter-
fering signal having a frequency close to, but
not the same as, that of the desired signal.

The Single-Signal Effect

As already explained, in c.w. reception the
beat oscillator may be set to, say, 456 ke. (if
the i.f. is 455 ke.) to give a 1000-cycle beat
when the desired signal is on the peak of thei.f.
resonance curve. Now if an interfering signal
appears at 457 ke. it also will be heterodyned
by the beat oscillator to produce a 1000-cycle
beat. This audio-frequency image corre-
sponds 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 rejec-
tion feature. Fig. 421 gives a typical crystal-
filter 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 i.f.
selectivity, or with a regenerative autodyne
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 r.f.
stages of the receiver itself,

Phasing

Several crystal-filter circuits are shown in
Fig. 422. Those at A and B are practically
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identical in performance, although differing
in details. The crystal is connected in a bridge
circuit, with the secondary side of T, the in-
put transformer, balanced to ground either
through a pair of condensers, C-C, (4) or by
a center-tap on the secondary, Ls (B). The
bridge is completed by the crystal X, and the
phasing condenser, C3, which has & maximum
capacity somewhat higher than the capacity
of the erystal in its holder. When Cj is set to
balance the crystal-holder capacity (or neu-
tralize the holder capacity) the resonance curve
of the erystal circuit is practically symmetri-
cal; the crystal acts as a series resonant cir-
cuit of very high @ and thus allows signals of
the desired frequency to be fed through Cs to
L3L4, the output transformer. Without Cy 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 func-
tion besides neutralization of the crystal-
holder capacity, however. The holder ca-
pacity becomes a part of the crystal circuit and
causes it to act as a parallel-tuned resonant cir-
cuit at a frequency slightly higher than its
series-resonant frequency. Signals at the paral-
lel-resonant frequency are thus prevented from
reaching the output circuit. The phasing con-
trol, by varying the effect of the holder ca-
pacity, 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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Fig. 421 — A graphical illustration of single-signal
selectivity. The shaded area indicates the region in

which response is ohtainable.
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Variable Selectivity

In circuits of the type of 4 and B, Fig, 422,
variable selectivity is obtained by adjustment
of the variable input impedance, which is ef-
fectively in series with the crystal resonator.
This is accomplished by varying C; (the
selectivity control) which tunes the balanced
secondary circuit of 7';. When the secondary is
tuned to i.f. resonance, the parallel impedance
of the LyCi 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 L4. This lowers the @
of the crystal circuit and makes its selectivity
minimum. At the same time, the voltage ap-
plied to the crystal circuit is maximum.

©

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 4, Ti,
special i.f. input transformer with high-inductance pri-
mary, L1, closely coupled to tuned secondary, L2; Ci,
50-pufd. variable; C, each 100.uufd. fixed (mica); Ca,
10- 10 15-ppufd. (max.) variable; Cs, 50-uufd. trimmer;
L3Cs, i.f, tuned circuit, with Ls tapped to match crystal-
circuit impedance. In Circuit B, T) is the same as in
Circuit A except that the secondary is center-tapped;
Ci is 100-ppfd. variable; Ca, Cs and Cy same as for Circuit
A; LsLy is a transformer with primary, L, correspond-
ing to tap on Ls in 4. In Circuit G, Th is a special if.
input transformer with tuned primary and low-im-
pedance secondary; C, each 100-uufd. fixed (mica); Cz,
opposed-stator phasmg condenser, app. 8 upfd. maxi-
mum capacity each side; LaCs, high-Q i.f. tuned circuit;
R, 0 10 3000 obms (gelectivity control).
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When the input cirouit is detuned from the
crystal resonant frequency, the resistance
component of the input impedance decreases,
and so does the total parallel impedance. Ac-
cordingly, the selectivity of the erystal circuif
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 {ncreases
as the selectivity is increased. The output then
falls off gradually as the input circuit is de-
tuned farther from resonance and the selec-
tivity becomes still higher. The selectivity can
be varied over a range of more than 12 to 1,
and the maximum selectivity is8 more than 35
times that obtained with the crystal filter
switched out, in typical receivers having two
i.f. 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-C. The principle of operation is similar,
but a much higher value of resistance can be
introduced in the crystal circuit to reduce the
selectivity. The output tuned circuit L3C3, must
have high Q. A compensated condenser is
used at Cy (phasing) to maintain circuit bal-
ance, so that the phasing control does not af-
fect the resonant frequency. The output cir-
cuit functions as a voltage divider in such a
way that the amplitude of the carrier deliv-
ered to the next grid does not vary appreciably
with the selectivity setting. The variable re-
sistor, B, 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 advan-
tage 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 re-
ceiver, 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 Me. At lower frequencies the im-
provement is not so great, but images are
negligible with the mixer properly regener-
ative. Fairly careful adjustment of regenera-
tion and tuning usually are necessary each
time the frequency is changed appreciably,



if the advantages of regeneration in increasing
selectivity are to be realized. Regeneration af-
fects 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. Regenera-
tion may be controlled by varying screen volt-
age or grid bias, the latter by means of a vari-
able cathode resistor.

In an if. stage, regeneration can be used to
give a pronounced single-signal effect, par-
ticularly when the i.f. is 455 kc. or lower. The
resonance curve of an i.f. stage at critical re-
generation (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 i.f. amplifier by providing a small amount
of capacity coupling between grid and plate —
bringing a short length of wire, connected to
the grid, into the vicinity of the plate lead,
usually will suffice — and may be controlled
by the regular cathode-resistor gain control.
When the if. 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 re-
duces 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 re-
ception of amateur signals is caused by do-
mestic 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 dis-
cussed. 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 inter-
ference is usually caused by commutator spark-
ing in d.c. and series a.c. motors, while the
“shot’’ type results from separated spark dis-
charges (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 sys-
tem 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 small pick-up. Other methods may
be applied in the receiver itself.

Reception of Radio Nignals

Audio Limiter Circuits

A considerable degree of noise reduction in
code reception can be accomplished by limiter
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 4 employs a triode
tube operated at reduced plate voltage (ap-
proximately 10 volts) so 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 volt-
age (35 volts or so0), so that the output power
remains practically constant over a grid ex-
citation 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 over-
loading 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 non-
conducting 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-con-
ducting with the connections shown were it not
for the fact that it is given positive bias from a
30-volt source through the adjustable po-
tentiometer R3. Resistors B; and Rg must be
fairly large in value to prevent loss of audio
signal.

The audio signal from the detector can be
considered to modulate the steady diode cur-
rent, 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
oceurs can be selected by adjustment of Rj.
By setting R3 so that the signal just passes
through the ‘“valve”, noise pulses higher in
amplitude than the signal will be cut off.
The circuit of Fig. 425-A, using an infinite-
impedance 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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Fig. 423 — Tllustrating limiter action with noise-peak
interfercnce and with a fading signal.

quired for good limiting action. When a beat
oscillator is used for c.w. reception the b.o.
voltage should be small so that incoming noise
will not have a strong carrier to beat against
and produce large audio output. (B1b. 4).

cathode, however, is free to follow the mudula-
tion, and when the modulation is 1009, the
peak cathode voltage will just equal the steady
grid voltage.

At all modulation percentages below 1009,
the grid is negative with respect to cathode
and current cannot flow in the 6N7 plate-
cathode circuit. A noise pulse exceeding the
peak voltage which represents 100% modula-
tion 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 1009, modulation limit.

Rs is used to make the noise-limiting tube
more sensitive, by applying to the plate an
audio voltage out of phase
with the cathode voltage so
that at the instant the grid
goes positive with respect to
cathode, the highest positive
potential also is applied to
the plate, thus further low-
ering the effective plate-
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Fig. 424 — Output limiter circuits,

C1 — 0.25 ufd. Ra — 600 ohms.
Ca —— 0.01 ufd. T — Output transformer.
Cs — 5 ufd. L1 — 15-henry choke.

P — 50,000-0hin limiter control (pref-
erably wire wound)

Ri — 0.5 meg.

R2 — 2000 ohms.

anee).

Automatic Noise Suppressor Circuit

A second-detector noise limiting circuit
which automatically adjusts itself to the
received carrier level is shown in Fig. 426. The
diode load circuit consists of Rs, Ry. Rs
(shunted by the high-resistance audio volume
control, £4) and Rj in series. The cathode of
the 6N7 noise-limiter is tapped on the load
resistor at a point such that the average recti-
fied carrier voltage (riegative) 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 substan-
tially the rectified carrier voltage alone. The

Fig. 425 — The series-valve noise-limiter cireuit.
A, with an infinite-impedanee deteetor; B, with diode
detectur Values are as follows:

Ry — 0.25 megohm.

R2 — 50,000 ohms.

Rz — 10,000-ohm potentiometer.

R4 — 20,000 to 50,000 ohms.

C1 — 250 pufd.

o, C3— 0.1 ufd.

Diode cireuit constants in B are conventional.
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pedanee;

cathode resistance. (Bzb. 5).

Noise-Silencing I.F.
System

The circuit shown in Fig.
427 operates to make the
noise pulses ‘‘commit sui-
cide”’ before they have a
chance to reach the second
deteetor. Noise voltage in ex-
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cess of the desired signal’s maximum i.f. voltage
is taken off at the grid of the i.f. amplifier, am-
plified 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 61.7 used as ani.f.
amplifier, wholly or partial-
ly disabling this stage for
the duration of the individ-
ual noise pulse, depending
on the amplitude of the
noise voltage. The noise
amplifier-rectifier circuit is
biased so that rectification
will not start until noise
voltage exceeds the desired-
signal amplitude, by means
of the ““threshold control.””
For reception with auto-

Ry

Av.C.
TO R.F,

NOISE AMP.

Reception of Radio Nignals

® SIGNAL STRENGTH AND TUNING
INDICATORS

A useful accessory to the receiver is an

NOISE RECT.

647 6HEé

Noise Threshold 44/2

Raj

Raq
i

SILENCER
2w, ILF,

6L 2no. DET.

6H6

Cz~

Ris

R0l

. d1.F
matic volume control, the "

a.v.c. voltage is also applied
to the grid of the noise am-
plifier to augment this
threshold bias. This system

TOA.F.
Ry3 Man. P =-Cg C" AMP.
i 14

of noise silencing gives sig-

nal-noise ratio improvement

of the order of 30 db (power ratio of 1000) with
heavy ignition interference, raising the signal-
noise ratio from — 10 db without the silencer to
420 db in a typical instance. (Bib. 6).

Av.C. éc VA~ T
2
= CL-T % [ent,etc.
R, =
©: Sw
R3
AV.C v
;'%Cz =Cs

Fig. 426 — Automatic noise limiting circuit for
superhet receivers.
T —1LF. transformer with balanced secondary for
working into diode rectifier.
Ri, R2, Ra — 1 megohm, l4-watt.
R4 — 1l-megohm volume control.
Rs — 250,000 ohms, 14-watt,
Rs, Rs — 100,000 ohms, lg-watt.
R7 — 25,000 obms, »4-watt.
C1 —0.1-ufd. paper.
Cz2, Cz — 0.05-ufd. paper.
Cs4, Cs — 50-uufd. mica.
Ce — 0.001-4fd. mica (for r.f. filtering, if needed).
Sw — S.g.s.t. togele (on-off switch).
The switch should be mounted close to the circuit ele-
ments and controlled by an extension shaft if necessary.

—250V. +250V.

Fig. 427 — Silencer circuit applied to thc second
i.f. stage of a typical superhet. The negative-B of the
high-voltage supply must be grounded at the filter
output.

Cz2 — 0.01-ufd.
tubular.

C3—0.01- to 0.1.ufd. plate by-pass condenser, 400-
volt tubular.

C7 —0.1-ufd. catbode by-pass condensers, 200-volt
tubular.

Cs — 0.01- to 0.1-ufd. screen by-pass condensers, 400-
volt tubular.

Co — 0.25-ufd. main
tubular.

Ci2 — 50-pufd. dctector load by-pass, mica midget.

Ciz ~— 50-uufd. beat osc. coupling condenser, mica
midget.

Ci4 — 0.1-ufd. detector output coupling condenser,
200-volt tubular.

Ca1 — 0- to 250-uufd. noisc rectifier load by-pass, mica
midget.

Czz2 — 0.1-pfd.
tubular.

Cas — 50-uufd. silencer r.f. by-pass, mica midget.

R2 — 100,000-ohm grid filtering rcsistor, Y4-watt.

Rs — 350- to 1000-ohm cathodc resistors, 14-watt.

R7 — 100,000-chm screen-voltage dropping resistors,
14-watt.

Riz — 500-ohm manual r.f. gain control.

R4 — 0.25-megohm volume control.

Ris — 50,000-ohm detector filter resistor, 14-watt.

Ra3s — 20,000-0ohm threshold bleeder resistor, 1l-watt.

Ra4 — 5000-obm  threshold control potentiometer
volume-control type.

Rzs — 100,000-0bm noise rectificr load resistor. 4.
watt.

Rao — l-megohm a.v.c. filter resistor, 14-watt.

RFC — 20-millihenry r.f. ehoke.

Tg — Double air-tuned i.f. transformer.

T3 and Ty — Single air-tuned full-wave diode coupling
transformers.
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indicator which will show relative signal
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
oscillator or other steady signal.

Three types of indicators are shown in Fig.

Av.C
LINE

1250

LF

ES

z
T

0§

R.For I.F.

_E"— Fig. 428 — Tuning in-
= dicator or "S”-meter cir-
o~ cuits for superhet re-

ceivers. A, electron-ray
R, indicator; B, plate-current

SCREENS Rs
AND VOLTAGE meter for tubes on a.v.c.;
DIVIDER C, bridge circuit for a.v.c.

Ry controlled tube. In C, rep-
resentative values are: Ri,
+8 250 ohms; Ra, 350 ohms;
© Rs, 1000-obm variable.
428, That at A uses an electron-ray tube, sev-
eral types of which are available. The grid of

the triode section is usually connected to the
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 i.f.
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 r.f.
pentode is from 7 to 10 milliamperes. The
disadvantage of this system is that the meter
reading decreases with 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 R,
should be approximately equal to the current
through that containing Rs. In some manu-
factured receivers this is brought about by
draining the screen voltage-divider current and
the current to the screens of three r.f. pentodes
(r.f. and if. stages) through R, the sum of
these currents being about equal to the maxi-
mum plate current of one a.v.c. controlled
tube. Typical values for this type of circuit are
given. The sensitivity can be increased by
making Ry, Ry and Rj larger. The initial set-
ting is made with the manual gain control
set near maximum, when Rj should be ad-
justed to make the meter reading zero with no
signal.
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Transmitter Design

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

Tms chapter deals principally with the de-
sign 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 require-
ments 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 radio-
frequency power generated to the antenna, al-
though, 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 multiplier which is used to
increase the frequency delivered to it by the
oscillator or a preceding frequency-multiply-
ing stage. The frequency multiplier may also
be referred to as a doubler, tripler or quadrupler,
depending upon the order of frequency multi-
plication. Frequency multipliers are usually
followed by a power amplifier which delivers
power to the antenna.

® CIRCUIT TERMS

The Tank Circuit

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

Fig. 501 — Methods of making re-
turn connections to filament center-
tap to prevent filament-supply modu-
lation. If Rz is used to drop filament
voltage from higher-voltage trans-
former, the center-tapped resistance
should always be used, even if the
transformer is cquipped with center-
tap.

By-Pass and Blocking Condensers

The by-pass 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.f. 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 elec-
trical 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 cen-
ter-tapped resistance should be used as shown
at B.

® OPERATING TERMS

Power Input

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

CHAPTER
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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 impor-
tant 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.
Ezxciting 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 sub-
ject 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 elec-
trode 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 osctllations. This type of os-
cillation invariably causes spurious radiations
and also effectively reduces the efficiency of an
amplifier,

Oscillators

When the frequency of the oscillator is de-
termined entirely by the circuit constants, it is
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called a self-controlled oseillator: if tha fraquenay
is determined principally by an electro-me-
chanical device, the piezo-electric crystal, the
oscillator is termed a crystal-controlled oscillator.

Self-Controlled Oscrllators

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 disad-
vantages are that extreme care in design and
adjustment is necessary if satisfactory fre-
quency stability is to be attained. The use of
self-controlled oscillators in amateur trans-
mitters 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 os-
cillator now in general use is the electron-
coupled 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 Col-
pitts triode oscillator arranged so that the

c
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Fig. 502 — The electron-coupled oscillator. The
frequency is controlled mainly by the constants of
Li-C1 which should be a high-C circuit. Fecdback is
controlled by the position of the cathode tap which
must be adjusted carefully under operating conditions.
The adjustment of the screen voltage by means of the
voltage divider Rz-Rs is also eritical for high-frequeney
stability. Tuning of L2-C2, which may be a low-C
circuit, will also bave some 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.



screen, instead of the cathode, is at ground
potential. With a well screened tube and good
circuit isolation, the coupling between the os-
cillating 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. I)

Crystal-Controlled Oscillators

In crystal-controlled oscillator circuits, the
usual parallel resonant circuit, which deter-
mines the frequency, is replaced by the piezo-
electric crystal. If a crystal is properly con-
nected in an oscillator circuit, energy fed back
from the output circuit may be used to excite
the erystal which, in turn, will generate an al-
ternating 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

Xal. |
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Fig. 503 — Triode crystal oscillator. The tank con-
denser Ci may be a 100-uufd. variable, with L1 propor-
tioned so that the tank will tune to the crystal frequency.
(See coil charts, Figs. 516-517.) Ca should be 0.001 pfd.
or larger. The grid leak, Ri1, will vary with the type of
tube; high-s types take lower values, 2500 to 10,000
ohms, while medium and low-z types take values of
10,000 to 25,000 ohms.

varied over extremely narrow limits (about
5 ke. at 4 Mec. 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

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
limit of plate voltage that can be used without
endangering the crystal is about 250 volts. With

Transmitter Desi¢n

the r.f. crystal current limited to a safe value of
about 100 ma., as measured by a r.f. galvanom-
eter or low-range r.f. ammeter inserted in series
with the crystal (at ‘‘x” in the diagram), the
power output obtamable 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 Oscillator

Since the r.f. voltage amplitude (which de-
termines the power output of the oscillator

Fig. 504 — Tetrode or pentode crystal oscillator.
Typical values: Ci1, 100 uufd. with I, wound to suit fre-
quency (see eoil charts, Figs. 516-517) with No. 24 wire
or larger; Cg, Cs, 0.001 ufd. or larger; Cq4, 0.01 ufd.; Ri,
10,000 to 50,000 ohms, best value being determined by
trial for the plate voltage and operating conditions
chosen; Rz, 250 to 400 ohms. Ra and C4 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 wecll-screened tube. It may be formed by
two mctal plates about 34 inch square spaced about 14
inch. If tube has suppressor grid, it should be grounded.

tube) in the grid circuit is limited by the safe
vibration amplitude of the crystal, obviously
the greatest power output can be secured with-
out 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, 616G, 616, 48 and
616 are excellent crystal-oscillator tubes. Tubes
having 250-volt ratings may be operated at
voltages as high as 300 and screen voltages be-
tween 100 and 125 when Rg and Cy4 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
light) may be connected at “ X" to give an in-
dication of r.f. crystal current. Pentode oscil-
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lators operating at 230 volts will give 4 or 6§
watts output under normal conditions. The
beam types 616 and 807 will give 15 watts or
more at maximum plate voltage. (Bb. 2).

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 ul-
traudion 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 Ce: will
ususlly 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 re-
quires 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” oscil-
lator. 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 r.f. 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.

Cy

"
L

200 — 300
VOLTS

Fig. 505 — The Pierce oscillator requires no. tuning
controls. Tubes such as the 6C5 and 6F6 are suitahle
operating at plate voltages not exceeding 300 to prevent
crystal fracture. When a triode is used, R; and C; are
omitted. Ry should have the usual grid-leak values of
25,000 to 50,000 obhms. 1000 ohms is recommended for
Rs. Ry is the screen voltage dropping resistance, 75,000
ohms for the 6F6. C; is a voltage hlocking condenser of
any value between 0.001 and 0.01 xfd. C; and C, should
he 0.01 pfd. The size of Cy, the regeneration capacity
must be determined by experiment, probahly some-
where between 50 and 150 pufd. The size of Cs, usually
100 uufd. should he adjusted so that the oscillator is not
overloaded.
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802, RK23-25, 89
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6L6, 6L6G, RK39,807 6V66
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Fig. 506 — Tri-tet oscillator circuit, using pentodes
or beam tetrodes. C1 and Cz, 200-uufd. variables; Cs,
Cy, Cs, Ce, 0.001 to 0.01 nfd. by-passes, not critical;
Ri, 20,000 to 100,000 ohms; Ra, 400 ohms for 400- or
500-volt operation,

Following specifications for cathode coils, L1, are
based on a coil diameter of 1% inches and length 1 inch;
turns should be spaced evenly to fill the required length,
For RK.23, RK-25, 6L6, 6L6G and 6V6G tubes:
1.75-Mec. crystal, 32 turns; 3.5 Mec., 10 turns, 7 Mec., 6
turns. The 6L6G and 616 tubes are recommended
only for second harmonic operation. For 802, 807,
RK-39, and 89 tubes: 1.75-Mc. crystal, 28 turns; 3.5
Me., 14 turns; 7 Me., 7 turns.

At maximum recommended plate voltages (500 volts
for transmitting types, 400 volts for 616 and 6L6G) the
screen voltage should be 250. The 89 and 6V6G types
may be operated with 300 plate volts and 150 volts on
the screen,

The L-C ratio in the plate tank, LaCa, should he
adjusted so that the capacity in use is 75 to 100 xufd.
for fundamental output and about 25 pufd. for second
harmonic output.

If the output circuit is to be tuned to the
same frequency as the crystal, a fairly well-
screened tube must be used, otherwise there
may be excessive feedback and danger of frac-
turing the crystal. The tubes specified in Fig.
506 meet this condition with the exception of
the 61.6G and 616, which are recommended
only for harmonic operation in the Tri-tet
circuit.

The cathode tank circuit, L;C}, is not tuned
to the frequency of the crystal, but to a con-
siderably higher frequency. Recommended
values for L are given under the diagram. Cy
should be set as near minimum capacity as is
consistent with good output. This reduces the
crystal voltage.

With pentode-type tubes having separate



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. (Béb. 2).

6V6G, 61.6,6L66

Fig. 507 — Crystal oscillator circuit with grid-plate
crystal connection. The screen functions as the plate of
a triode oscillator with output taken from the normal
plate through a separate tank circuit. Constants are the
same as in Fig. 506. For output at the crystal funda-
mental only, Co may he fixed at 100 npfd.

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 CoRFC
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 as great as that obtain-
able with the Tri-tet; on the other hand, the
output on odd harmonics (3rd, 5th, etec.) is
appreciably better. This feature may some-
times be put to use in arriving at useful points
in the 14- and 28-Mec. bands from a 1.8-Me.
crystal when the oscillator is used in conjunc-
tion with a suitable frequency multiplier.

If harmonic operation of the oscillator is not
contemplated, C; may be a fixed capacity of
100 ppfd. 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 ob-
tained at the crystal fundamental with a tube
such as the 6L.6G at a plate voltage of 400 and
screen at 250 volts. Sufficient output is obtain-
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able at the 2nd and odd harmonics up to the
7th todrive an 807 frequency multiplier. (Bib. 5).

Characteristics and Limitations of 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-per-
million-per-degree C. The Y-cut type has been
largely superseded by other types because of its
relative fragility and lack of frequency stabil-
ity.

The X-cut crystal is thicker than the Y-cut
for the same frequency and is, therefore, less
fragile. It has a negative temperature coeffi-
cient, 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 de-
veloped which produce crystals with tempera-
ture 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 all
crystal oscillator circuits developing appreci-
able 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 erystal vibration; in other words the
greater the r.f. voltage across the crystal.
When the vibration amplitude is high the in-
ternal stresses may be great enough to shatter
the crystal, hence the power-handling capabili-
ties of the erystal are limited. A current of 100
ma. r.f. usually is considered safe for X- and Y-
cut crystals ground for the 1.75- and 3.5-Me.
bands. Crystals of some types can operate
safely with currents as high as 200 ma. The
manufacturer usually establishes a safe current
rating for his particular cut.

Crystal Mountings

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 be-
tween 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 air is ad-
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vantageous in radiating quickly the heat gen-
erated 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 changes, 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 os-
cillator 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 crys-
tal. This property can be used to advantage
with most low-drift erystals so that by using a
holder with a top plate with closely adjustable
spacing a controllable frequency variation can
be obtained. A 3.5-Mec. crystal will oscillate
without very great variation in power output
over a range of about 5 ke. X- and Y-cut crys-
tals 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-
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mitters have definite limitations, For this rea-
son, amateur transmitters of medium and high
power invariably follow the oscillator-power
amplifier idea in which the function of the os-
cillator 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 push-
pull. Under similar operating conditions, the
power output from two tubes will be the same
whether they are connected in parallel or push-
pull. 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 effi-
ciency 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 balance out even
harmonics, thereby reducing undesirable har-
monic output. The tube input and output
capacities with this connection are effectively
in series.

Interstage Coupling Systems
The purpose of an interstage cou-
pling system is to transfer, with aslittle
loss as possible, the power developed
by the driving tube to the grid circuit
of the following amplifier or frequency
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multiplier. While there are many vari-
ations, coupling systems in amateur
transmitters are usually confined to
two general classes, capacitive cou-
" pling and transmission-line or link
coupling,
Fig. 508 shows several types of
capacitive coupling. In each case, C
is the coupling condenser. In circuit 4,

A e
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Fig. 508 — Direct- or capacity-coupled driver and amplifier
stages. Coupling condenser capacity may be from 50 uufd. to
0.002 pfd., not critical, except when tapping the coils for control

of excitation is not possible.
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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 D are
preferable when a balanced circuit is
used in the output of the driver; in-
stead 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 preserving



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 effec-
tively 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 fre-
quencies above about 7 Mec.

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-im-
pedance transmission line, offers a ready means
for adjustment of coupling. This method of
coupling also has some constructional advan-
tages, 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 uti-
lizing a low-impedance line with coupling loops
of aturn 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 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 single-
ended 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 ad-
visable, especially with high-power stages, to
have some means of varying the coupling be-
tween 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
somewhat in the fashion of a pair of calipers.

Transmitter Desi¢n

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 separation
of the two coils also will give some adjustment
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 Chap-
ter 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.f. 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 pen-
todes designed for audio use, such as the 616,
6V86, 6F86, etc., are not sufficiently well screened
for use as r.f. ampllﬁers without the introduc-
tion of other means of nullifying the effect of
the grid-plate capacity.

Typical circuits of tetrode and pentode r.f.
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Fig. 509 — Link coupling, using a low-impedance
transmission line. The link may he twisted lamp cord or
consist of a pair of closely-spaced, but not twisted, wires.
A concentric line is the best form.
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amplifiers ar¢ shown in Fig, §10. The relative
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,
8o that particular care must be used to prevent
feedback external to the tube itself.
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Fig. 510 — Tetrode-pentode r.f. amplifier circuits.
C1 — 0.01 ufd.; C3 — 0.001 ufd. or larger; Cs-L — See
section on tank-circuit design.

In circuits for tetrodes, the suppressor-grid connec-
tion and by-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 rea-
son, 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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Neutralization

On the other hand, special means must be
provided for nullifying the effects of grid-to-
plate 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 com-
plete 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 cir-
cuits, while if the neutralizing voltage is ob-
tained from a balanced plate tank and fed to
the grid of the tube, the circuit is known as a
plate-neutralized circuit.

Triode Amplifiers with Plate Neutralization

Typical triode amplifier circuits with plate
neutralization are shown in Fig. 511-A, -B and
-C. In circuit 4, 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 Cn. 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 neutraliza-
tion except that the neutralizing voltage is ob-
tained 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 4, B and C, while D, E, and F show types
of grid neutralization. Capacitive or link coupling may be used with circuits of 4, B or C.
C-L — See section on tank-circuit design. C1 — 0.01 ufd.
Cg-Lg — Grid tank circuit. Ca — 0.001 nfd. or larger.
Cn — Neutralizing condensers (see text).

ing condensers being connected from grid of ICn

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,

C L
7o . G
a more exact balance can be obtained with Coupling <2 §§E Outout

push-pull than with a single tube because both and bias
sides of the circuit are symmetrical. Hence these
circuits are often easier to neutralize than

single-tube circuits.

Comparison of Neutralizing Circuits Tl F—" . lcn _ J:_"-'
Plate neutralization is usually to be preferred L] = °
to grid neutralization because it is more diffi- BIAS ﬁ A wv

cult 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 split-

”
stator circuit also has the advantages that the Cozzmny
input capacity of the tube is reduced, harmon- and bias
ics are more effectively suppressed and ‘“hand- crreunts

capacity effects” of an ungrounded condenser

Fig. 512 — Push-pull triode amplifier circuits with

““cross-neutralization.” Either eapacitive or link eou-

pling may be used. Cn )

C-L — See section on tank-circuit design. 3F

Co — Neutralizing condensers (see text). -l l_'l-.-" x

C1 —0.01 ufd. Tl tMEJ y
Cs — 0.001 ufd. or larger. vom B i
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shaft are avoided. While an amplifier using the

circuit of B may appear easler to drive com-
pared to circuit C because of effects of regen-
eration when the tank circuit of B is tuned
slightly off resonance, with proper neutraliza-
tion, there should be no difference. With push-
pull 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 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 neutral-
izing 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 con-
nections brought out through the bulb, a con-
denser 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 con-
denser 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-Circurt 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
80 long as the resistance or impedance repre-
sented by the tank is the desired value. How-
ever, the distribution of the power output be-
tween 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 L/CR, 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 imped-
ance 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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raising the L-C ratio. With practicable cir-

cuits, 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 funda-
mental frequency.

Should the circuit conditions be such that
the harmonics cause circulating currents, there
is a power loss which reduces the overall effi-
ciency 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 con-
siderable flywheel effect, and consequently for
a fairly large ratio of capacity to inductance,
while high transfer efficiency requires high un-
loaded 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 fre-
quencies not assigned to amateurs. The radi-
ation 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 de-
termining 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 out-
put chiefly depends. It represents a fair av-
erage, however, and if serious harmonic radi-
ation is experienced, it can usually be reduced
satisfactorily by proper adjustment of the an-
tenna system and its coupling to the final am-
plifier. (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 ma. at which the amplifier
is to operate. If a push-pull amplifier is used, or
the tank coil tapped at the center or a split-
stator condenser used for neutralizing, the
tolal tank capacity may be reduced to one-
quarter of the values given by the graph. This



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, op-
erating at 1000 volts, 100 ma. (ratio 10/1)
will require a tank capacity of 100 pufds. for
3.5 Mec. Two similar tubes in parallel (200 ma.
— ratio 5/1) will require 200 pufds. Two sim-
ilar tubes in push-pull (ratio 5/1) will require
a total tank capacity of 2-%9 or 50 pufds. and
if a split-stator condenser is used, the capacity
should be 100" uufds. per section.

As a second example, a triode requiring a
balanced tank ecircuit for neutralization op-
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Fig. 513. — Chart showing tank-capacities 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 scction of the split-stator condenser
may be one-half that shown by the graph. Values given
by the graph should be used for circuits A and B.
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erating at 1000 volts, 100 ma. (ratio 10/1)
will require a total capacity of 25 uufds. or 50
uufds. per section if a split-stator condenser is
used. Two similar tricdes in parallel (ratio
5/1) will require a total of 50 uufds. or 100
uufds. 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 ca-
pacity 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 with-
out load with a resulting rise in peak r.f. volt-
age, 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 par-
ticular voltage will vary with the construction
of the condenser. Most manufacturers specify
peak voltage ratings for their condensers.

Determining Inductance

Once the required tank capacity and fre-
quency are determined, the tank coil dimen-
sions 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.

Tig. 516 is for coils wound on receiving-type
forms having a diameter of 114 inches and
ceramic forms having a diameter of 134 inches
and winding length of 3 inches (National
XR13). Such coils would be suitable for os-
cillator 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 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 effec-
tively 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 fre-
quencies above about 7 Mec.

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-im-
pedance transmission line, offers a ready means
for adjustment of coupling. This method of
coupling also has some constructional advan-
tages, 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 uti-
lizing 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 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 single-
ended 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 ad-
visable, especially with high-power stages, to
have some means of varying the coupling be-
tween 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
somewhat in the fashion of a pair of calipers.

Transmitter Design

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 separation
of the two coils also will give some adjustment
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 Chap-
ter 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.f. 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 pen-
todes designed for audio use, such as the 616,
6V86, 6F6, etc., are not sufficiently well screened
for use as r.f. amplifiers without the introduc-
tion of other means of nullifying the effect of
the grid-plate capacity.

Typical circuits of tetrode and pentode r.f.
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Fig. 509 — Link coupling, using a low-impedance
transmission line, The link may be twisted lamp cord or
consist of & pair of closely-spaced, but not twisted, wires.
A concentric line is the best form.
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amplifiers are shown in Fig, §10. The relative
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,
80 that particular care must be used to prevent
feedback external to the tube itself.

¢,
i ¢
T 1: 3 L
o Co;p//ny :i' E;I
an ' ! s
Bras . = I éo”t/’”t
Circuits jﬂmu—l = | F—

ot
i

-+ +5CREEN +suPP t+ =
VOLTAGE vOLT

SINGLE -TUBE OR PARALLEL

7o couplin
and 7

Bias
circurts

o_f
"
e

+SUP +5CR HV
V. v

PUSH-PULL

Fig. 510 — Tetrode-pentode r.f. amplifier circuits.
C1 — 0.01 ufd.; Ca — 0.001 ufd. or larger; Cs-L — See
section on tank-circuit design.

In circuits for tetrodes, the suppressor-grid eonnec-
tion and hy-pass are omitted.

Triode Amplifiers

Triodes of equivalent power cutput 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 lewer, considerably greater driving
power is required, although, for the same rea-
son, 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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Neutralization

On the other hand, special means must be
provided for nullifying the effects of grid-to-
plate 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 com-
plete 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 -cir-
cuits, while if the neutralizing voltage is ob-
tained from a balanced plate tank and fed to
the grid of the tube, the circuit is known as a
plate-neutralized circuit.

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 C,. 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 neutraliza-
tion except that the neutralizing voltage is ob-
tained 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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C-L — See section on tank-circuit design.
Cg-Lg — Grid tank circuit.
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 diffi-
cult 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 split-
stator circuit also has the advantages that the
input capacity of the tube is reduced, harmon-
ics are more effectively suppressed and ‘‘hand-
capacity effects” of an ungrounded condenser

Fig. 512 — Push-pull triode amplifier circuits with
*“eross-neutralization.” Either capacitive or link cou-
pling may be used.

-L — See section on tank-circuit design.

Ca — Neutralizing condensera (see text).
Cy — 0.01 ufd.
Ca—0.001 ,fd. or larger.

1 — 0.01 ufd.
Ca — 0.001 ufd. or larger.
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shaft are avoided. While an amplifier using the

circuit of B may appear easier to drive com-
pared to circuit C because of effects of regen-
eration when the tank circuit of B is tuned
slightly off resonance, with proper neutraliza-
tion, there should be no difference. With push-
pull 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 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 neutral-
izing 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 con-
nections brought out through the bulb, a con-
denser 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 con-
denser 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
80 long as the resistance or impedance repre-
sented by the tank is the desired value. How-
ever, the distribution of the power output be-
tween 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 L/CR, 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 imped-
ance 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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raising the L-C ratio. With practicable cir-

cuits, 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 funda-
mental frequency.

Should the circuit conditions be such that
the harmonics cause circulating currents, there
is a power loss which reduces the overall effi-
ciency 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 con-
siderable flywheel effect, and consequently for
a fairly large ratio of capacity to inductance,
while high transfer efficiency requires high un-
loaded 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 fre-
quencies not assigned to amateurs. The radi-
ation of harmonies 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 de-
termining 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 out-
put chiefly depends. It represents a fair av-
erage, however, and if serious harmonic radi-
ation is experienced, it can usually be reduced
satisfactorily by proper adjustment of the an-
tenna system and its coupling to the final am-
plifier. (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 ma. at which the amplifier
is to operate. If a push-pull amplifier is used, or
the tank coil tapped at the center or a split-
stator condenser used for neutralizing, the
total tank capacity may be reduced to one-
quarter of the values given by the graph. This



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, op-
erating at 1000 volts, 100 ma. (ratio 10/1)
will require a tank capacity of 100 uufds. for
3.5 Mc. Two similar tubes in parallel (200 ma.
— ratio 5/1) will require 200 pufds. Two sim-
ilar tubes in push-pull (ratio 5/1) will require
a total tank capacity of 2%)- or 50 wufds. and
if a split-stator condenser is used, the capacity
should be 100" xufds. per section.

As a second example, a triode requiring a
balanced tank circuit for neutralization op-
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Fig. 513. — Chart showing tank-capacities 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-stator condenser
may be one-half that shown by the graph. Values given
by the graph should he used for circuits A and B,
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erating at 1000 volts, 100 ma. (ratio 10/1)
will require a total capacity of 25 uufds. or 50
uufds. per section if a split-stator condenser is
used. Two similar tricdes in parallel (ratio
5/1) will require a total of 50 uufds. or 100
wufds. 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 efliciency
and harmonic output, while a decrease in the
capacity will have the opposite effects. The
increase in harmonic radiation with less ca-
pacity 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 with-
out load with a resulting rise in peak r.f. volt-
age, 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 par-
ticular voltage will vary with the construction
of the condenser. Most manufacturers specify
peak voltage ratings for their condensers.

Determining Inductance

Once the required tank capacity and fre-
quency are determined, the tank coil dimen-
sions 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 114 inches and
ceramic forms having a diameter of 13{ inches
and winding length of 3 inches (National
XR13). Such coils would be suitable for os-
cillator 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

CHAPTER FIVE 8 1
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, I, J and K, the peak voltage E will be twiee the d.c. plate

volmgc for c.w. or 4 times the plate voltage for phone Circuit is assumed to be loaded (see text). Tubes in parallel
in any of the circuits will not affect the peak voltage. Circuits A, G, E, F, G and H require that the tank condenser
be insulated from chassis or ground and be provided with a suitably ‘nsulated shaft coupling.

the length indicated; the turns should be
spaced out evenly either by winding 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 trans-
mitting-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 al-
ternate grooves. This is sometimes advisable
in the case of 14- and 28-Me. 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 Voltage Ratings of By-Pass and
Coupling Condensers

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

C
'__E Fig. 515—Use of blocking
condenser permits smaller plate
spacing with split-stator condens-
ers. C should have a capacity of
0.001 to 0.002 ufd. and a voltage
rating 3 to 4 times the d.c. volt-
age. l?or.lden'ser )comral must be

| ;

V.
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voltage ratings 25 to 509, 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 1009, more than the
sum of the driver plate and amplifier biasing
voltages. Values run from 0.002 to 0.00005
pid. 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 transmit-
ters may require a driver delivering as much as
100 watts or more.

Fig. 518 illustrates how the driving power re-
quired 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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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 neces-
sary to produce a comparatively small increase
in power output and efficiency once the opti-
mum point — just to the right of the bend in

the output and efficiency curves — is passed.

Assuming fixed plate voltage and load re-
sistance, there is an optimum bias value which
will give best results for every value of excita-
tion voltage. The greater the excitation, the
greater should be the bias. The power con-
sumed in the amplifier grid circuit also is
greater under these conditions. The grid power,
furnished by the driver, is dissipated in the
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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 pen-
todes, 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).

Measurement of Excitation

Measurement, of the r.f. 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.f. 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 con-
ditions for the amplifier. If the safe plate dissi-
pation rating of the tube were the only con-
sideration, 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 909, could handle an input
of 1000 watts, giving 900 watts output, while
the same tube at 709, efficiency could handle
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an input of only 333 watts, giving an output of
233 watts. The plate dissipation — the differ-
ence between input and output — is the same
in both cases, 100 watts.

There are other considerations, however,
which limit the useful plate efficiency. As-
suming that the fotal plate input is not to ex-
ceed the manufacturer’s ratings for the tube,
the difference between 709, and 909, efficiency
is not so great. For instance, taking the same
100 watt tube and assuming that the 709,
efficiency condition corresponds with the rat-
ings, an efficiency of 909 would increase the
output to only 300 watts (333 watts input).
The additional 67 watts of output, an increase
of about 279, 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 effi-
ciency is the fact that high values of efficiency
are attained only through the use of high
values of load resistance, which in turn re-
quires the use of very high plate voltage. Not
all tubes are suited to operation at plate volt-
ages 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 effi-
ciency.

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 r.f.
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 cut-
off value, and where higher than ordinary
efficiency is to be obtained, with even larger
values. This method of operation requires cor-
respondingly 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 am-
plification ratio and maximum output with
small excitation usually result when the bias
is set at the cut-off value. Under these condi-
tions the plate efficiency seldom exceeds fifty



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 follow-
ing amplifier stage) constitutes the plate load
for the tube. When the tank is tuned to reso-
nance with the exciting frequency, it is prac-
tically equivalent to resistance only, so that it
is customary to refer to the load circuit as a
resistance or impedance. The value of equiva-
lent resistance represented by the tank circuit
is dependent upon the ratio of inductance
to capacity, upon the inherent r.f. resist-
ance 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 re-
sistance 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 ex-
citation voltage.

Output Coupling

Coupling systems for use between amplifier
stages have already been discussed. Many ar-
rangements 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 character-
istics 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 sys-
tem) is rarely 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 output-
amplifier tank circuit. A low-impedance line
similar to that used in interstage link coupling
may be used to couple the amplifier tank cir-
cuit 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 ecircuit to the antenna
system.

® FREQUENCY MULTIPLICATION

Frequency multipliers are universally used
in amateur transmitters so that output can be
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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-Me. band, the
relatively lower cost of the 1.75-, 38.5- and 7-
Me. crystals favors the use of these crystal fre-
quencies, with frequency multipliers for the
other bands. In addition, usually it is more
convenient, as well as less expensive, in multi-
band transmitters to have all crystals ground
for one low-frequency band.

The frequency multiplier or harmonic gener-
ator 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 generator 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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Fig. 519 — Frequency-multiplying circuits. 4 shows
circuit for single or parallel tubes. The arrangement at
B is known as the " push-push’’ doubler circuit. Either
capacitive or link coupling may be used.

C-L —The tank circuit with frequency multipliers
should have low values of C. C should be about 50 pufd.
for the lower frequencics and about 25 uufd. at 14 Me.
and higher frequencies. Coil dimensions may be selected
from the graphs of Figs. 516 and 517. C1 — 0.01 ufd.;
C2 —0.001 nfd. 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. Neutraliza-
tion 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 mazximum output and efficiency
from the doubler it is necessary to use high
negative grid bias on the tube — considerably
more than double cut-of — and excite it with
a correspondingly high radio-frequency volt-
age. This accentuates harmonic generation in
the plate circuit. A low-C' tank in the plate
circuit is also desirable. In general, a tube hav-
ing 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-u
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 regen-
eration, provided the process is not carried so
far that the tube breaks into self-oscillation.
One of the most satisfactory ways of introduc-
ing 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 cir-
cuits 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 am-
plifier. 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 dou-
blers because the second and other even har-
monics are cancelled in the output. They can
be used as triplers, however, the output cir-
cuit being tuned to the third harmonic. They
are 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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instead 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, result-
ing in all second-harmonic output. This
circuit gives quite good efficiency, although re-
quiring two tubes. If is often called a ‘‘push-
push’’ doubler. In low-power stages, twin tri-
odes such as the 53 and 6A6 can be used as
single-tube push-push doublers. The high am-
plification 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 oper-
ate efficiently as a straight amplifier.

Planning a Transmitter

Essentially, a transmitter is simply an oscil-
lator followed by a series of amplifiers to raise
the power of output level to the desired figure.
Some of the amplifiers will be frequency multi-
pliers, if output is desired on a frequency
higher than that on which the oscillator oper-
ates. 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
bave the beginning and the end of the trans-
mitter, and it becomes necessary to choose in-
termediate 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 ex-
citation for each stage; the driving-power fig-
ures given in the tube tables, for instance, do
not include an allowance for losses in the grid-
tank circuit or in coupling between the driver
and amplifier. Likewige, the power output fig-



ures 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 609,
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 com-
bination 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 ampli-
fier 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 oscilla-
tors and doublers, taking output from the
tube working on the desired frequency. The
power level is then built up by straight ampli-
fiers. 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 approxi-
mately the same output for excitation pur-
poses 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 com-
bination 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 con-
venience, some of the circuits may be designed

Transmitter Design

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 be-
cause 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 opera-
tion 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 con-
venient 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.

Ganged Tuning

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 sat-
isfactory systems employs the tapped-coil
band-spread and tracking system. A self-
controlled oscillator is required for complete
frequency coverage, of course (Bib, 4).

Metering

In order to adjust a transmitter for proper
operation, certain meters are almost indis-
pensable. 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.f.
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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Principles — Methods of Modulation — Class-B Modulators —
Microphones 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 mess-
age 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. Al-
though 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 con-
sidered 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 par-
ticles. 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 in-
stance, generates frequencies from about 100
per second to several thousand per second.
Words are formed by combining various fre-
quencies 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 cor-
responds 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 r.{. output of
the transmitter.

Principle 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 con-
sists of a metal diaphragm placed against an
insulating cup containing loosely-packed car-
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bon granules (microphone 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 trans-
former is connected in series with the battery
and microphone. Air vibrations cause a similar
vibration of the diaphragm, and as the dia-
phragm vibrates its pressure on the granules
alternately increases and decreases. This causes
a corresponding increase and decrease of cur-
rent 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 in-
tensity, to be set up in the transformer second-
ary. The audio-frequency voltage thus gen-
erated may be amplified by a vacuum tube
connected to the transformer. The audio-
frequency power may be built up to any de-
sired 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 accord-
ance with the a.f. voltage obtained from the
microphone. This method, known as ampli-
tude modulation, is used in all amateur trans-
mitters 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

Metal /ﬂ.)‘t//af/hy Qp
D/a,o/vraym Metal Back Plate
Carbon y
Electrical
Granules Pri. Sec.  Output
i
UL
i
Battery Transtformer

Fig. 601 — Construction and connections of a single-
button microphone and its transformer.



of frequencies occupied by one transmitter is
greater than in the case of amplitude modula-
tion, hence fewer transmitters can work with-
out interference. The amateur regulations pro-
hibit 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 de-
pends entirely upon the amount of variation —
termed depth of modulation — in the carries
wave and not upon the strength of the carrier
alone, it is desirable to obtain the largest per-
missible 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 modu-
lated, 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% modula-
tion, using a single-tone (sine-wave) modulat-
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Fig. 60? — Graphical representation of (A) unmodu-
lated carrier wave, (B) wave modulated 50%, (C) wave
modulated 100%,
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ing signal. The outline of the modulated r.f.
wave is called the modulation envelope.

The percentage modulation can be found by
dividing either ¥ 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 modulat-
ing signal, the average power in a 1009-
modulated wave is one and one-half times
the unmodulated carrier power. The power out-
put of the transmitter must increase 50%,
therefore, with 1009, 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 differ-
ence 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 trans-
mitted, 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 trans-
mitters in a given part of the r.f. 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 qual-
ity, to use modulating frequencies up to about
3000 or 4000 cycles. This calls for a channel
width of 6 to 8 ke. '

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 actual channel to be wider without
increasing the useful modulation. By increas-
ing 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, over-
modulation, frequency modulation, and lack
of linearity in the modulated r.f. system.

Harmonic Distortion

As explained in Chapter 3, distortion in an
amplifier tube can be resolved into the intro-
duction 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 ke. may actually turn out to be
24 kc. because of spurious side bands. Mini-
mum harmonic distortion in the a.f. amplifier is
necessary to prevent excessive channel width.

Overmodulation

If the carrier is modulated more than 1009,
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 har-
monic distortion, with consequently wider side
bands, occurs. The carrier should never be
modulated more than 1009,

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.f. amplifier
stage which is isolated from the frequency-
controlling oscillator by a buffer amplifier.
Amplitude modulation of an oscillator is al-
most always accompanied by frequency mod-
ulation.

Linearity

Up to the limit of 1009, modulation, the
amplitude of the carrier should follow faith-
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fully the amplitude variations of the modulat-
ing signal. When the modulated r.f. amplifier is
incapable of meeting this condition it is said
to be non-linear. A non-linear modulated
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Fig. 603 — An overmodulated wave.

amplifier causes distortion of the modulation
envelope and hence the generation of har-
monics 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 meodulation capa-
bility of the transmitter is the maximum per-
centage of modulation that is possible without
objectionable distortion (i.e., without generat-
ing spurious side bands) The maximum attain-
able 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 509, with 1009,
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 transmitter therefore increases only
about 259% with 1009, speech modulation.
However, the instantaneous power output must
quadruple on the peak of 1009, modulation
regardless of the modulating waveform. There-
fore the peak capacity of the transmitter



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 modu-
lating signal is applied in the plate circuit of a
radio-frequency power amplifier (plate modu-
lation). In a second type the audio signal is

applied to the control-grid circuit (grid-bias -

modulation). A third system involves varia-
tion of both plate voltage and grid bias and is
called cathode modulation. A fourth method
varies the suppressor-grid voltage of a pen-
tode-type power tube (suppressor-grid modu-
lation).

Transformer-Coupled Plate Modulation

In Fig. 604 is shown the most widely-used
system of plate modulation. A balanced (push-
pull Class-A, Class-AB or Class-B) modulator
is transformer-coupled to the plate circuit of
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Fig. 604 — Transformer-coupled plate modulation.

the modulated r.f. amplifier. The audio-fre-
quency 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, 7. For 1009,
modulation the audio-frequency output of the
modulator and the turns ratio of the coupling
transformer must be such that the voltage at
the plate of the modulated amplifier varies
between zero and twice the d.c. operating plate
voltage, thus causing corresponding variations
in the amplitude of the r.f. output.

As previously indicated, the average power
output of the modulated stage must increase
50% with 1009, modulation, and the addi-
tional power is furnished by the modulator;
that is, the modulator must supply audio power
equal to 509, of the d.c. plate input to the
modulated r.f. stage. For example, if the d.c.
plate power input to the r.f. stage is 100 watts,
the gine-wave audio power output of the modu-
lator must be 50 watts.

The modulated r.f. amplifier must operate

Modulation

Class-C for the modulation characteristic to be
linear. The transformer turns ratio will depend
upon the rated load resistance of the modu-
lator tubes and the modulating impedance
of the Clags-C stage. The modulating imped-
ance is equal to

Ey
= 1000
T X

P
where E, is the d.c. plate voltage and I, the
d.c. plate current in milliamperes, both meas-
ured without modulation.

The plate efficiency of the Class-C plate-
modulated amplifier is practically constant
with or without modulation. Efficiency values
range between 609, and 809%, 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 plate-
modulated amplifiers provided the modulation
is applied to both the plate and screen grid.
The method of feeding the screen grid with the
necessary d.c. and modulation voltage is shown
in Fig. 605. The dropping resistor, R, should be
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Fig. 605 — Plate-and-screen modulation of a pentode
Class-C r.f. amplifier.
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of the proper value to apply normal d.c. volt-
age to the screen under steady carrier condi-
tions. 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 di-
viding 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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Fig. 606 — Choke-coupled or Heising plate modula-
tion,

modulation. The plate power for the modulator
tube and modulated amplifier is furnished from
a common source through the modulation
choke, L, which has high impedance for audio
frequencies. The modulator operates as a power
amplifier with the plate circuit of the r.f.
amplifier as its load, the audio output of the
modulator being superimposed on the d.c.
power supplied to the amplifier. For 100%
modulation the audio voltage applied to the
r.f. amplifier plate circuit across the choke, L,
must have a peak value equal to the d.c. volt-
age on the modulated amplifier. To obtain this
without distortion, the r.f. 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 con-
denser 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.f. power can be
modulated.

Grid-Bias Modulation

Fig. 607 is the diagram of a typical arrange-
ment for grid-bias modulation. In this system,
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Fig. 607 — Grid-bias modulation of a Class-C ampli-
fier.
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the secondary of an audio-frequency output
transformer, the primary of which is connected
in the plate circuit of the modulator tube, is
connected in series with the grid-bias supply
for the modulated amplifier. The audio voltage
thus introduced varies the grid bias and thus
the power output of the r.f. stage, when suit-
able operating conditions are chosen. The r.f.
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 modula-
tion is obtained by making the plate current
and plate efficiency vary with the modulating
signal. For 1009, modulation, both plate cur-
rent 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-
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Fig. 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 359, to 409,. For a given
size of r.f. tube the carrier output is about one-
fourth the carrier obtainable from the same
tube plate-modulated. The audio power re-
quired 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, r.f. excitation, plate loading and
audio voltage in series with the grid must be
adjusted to give a linear modulation charac-
teristic. 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 r.f.
excitation and modulating signals are applied
to separate grids, which gives the system a
simpler operating technique, since best adjust-
ment 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



requirements are similarly small. With tubes
having suitable suppressor-grid characteristics,
linear modulation up to practically 1009, can
be obtained with negligible distortion.

Cathode Modulation

The fundamental ecireuit 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
eircuit, 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 modu-
lIation. The carrier efficiency therefore must be
lower than the efficiency at the modulation
peak. The reduction in carrier efficiency de-
pends upon the proportion of grid modula-
tion to plate modulation; the higher the per-
centage of plate modulation the higher the
permissible carrier efficiency, and vice versa.
The audio power required from the modulator
also varies with the percentage of plate modu-
lation, 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 cath-~
ode-modulated r.f. amplifier is plotted in
terms of the tube ratings for plate-modulated
telephony, with the percentage of plate modu-
lation as a base. As the percentage of plate
modulation is decreased, it is assumed that
the grid-bias modulation is increased to make
the overall percentage of modulation reach
1009,. The limiting condition, 1009, plate
modulation and no grid-bias modulation, is

.

R

Audio from g H
modulator

Ry

~HV. +

Fig. 609 — Cathode modulation of a Class-C triode
amplifier. Ri, grid leak; C, audio by-pass; Re, cathode-
bias resistor for initial bias, also by-passed for audio
frequencies.
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Fig. 609-4 — Cathode-modulation  performance
curves, in terms of percentage of plate modulation
against per eent of Class-C telephony tube ratings.

Win — D.c. plate input watts in per cent of plate-modn-
lation rating.

Wo — Carrier output watts in per eent of plate-modula-
tion rating (based on plate efficiency of 77.5%).

‘Wa — Audio power in per cent of d.e. watts inpnt.

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 409, plate
modulation is to be used. Then the modulated
rf. amplifier must be adjusted for a carrier
plate efficiency of 569, the permissible plate
input will be 659, of the ratings of the same
tube with pure plate modulation, the power
output will be 489, of the rated output of the
tube with plate modulation, and the audio
power required from the modulator will be 209
of the d.c. input to the modulated amplifier.

The modulating impedance of a cathode-
modulated amplifier is approximately equal to

mB

Iy
where m is the percentage of modulation ex-
pressed as-a decimal, B is the plate voltage,
and I, the plate current of the modulated r.f.
amplifier. This figure for the modulating im-
pedance is used in exactly the same way as the
corresponding figure for pure plate modulation
in determining the proper modulator operating
conditions, as outlined in the following section.

R.1. excitation requirements for the cathode-
modulated 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 re-
quirement. 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 1—RESISTANCE-COUPLED AMPLIFIER DATA

Data ate given for 8 plate-supply of 300 volts; departures of as much as 50% hom this supply voltage will not materislly change

the opoullng conditions or the voltage gain, but the output voltage will be in prop lo the new volt Voltage gain is measured
at 400 cycles; condenser values given are based on 100-cycle cut-off. For i dl all cond may be
made larger l‘uan specified (cut-off frequency in inverse proportion to condenser values provlded all are changed in the same pro-

pottion). A variation of 10% In the values given has negllglble effect on the performance.
High-frequency cut-off with pentodes is 0,000 cycles with a plate resistor of 0.1 megohm, 10,000 cyeles with 0.25
megohm, and 5000 cycles with 0.5 m‘sohm . With (uode ampllﬂors, the high-frequency cut-off is well above the audio range.

Next-Stage Se .
Plate h Screen Cathode reen | Cathode | Blocking Output
Resistor Rg;;for Resistor | Resistor By'f"’ By-pass | Condenser [ Volts VG°.'§‘§°
Megohms | (400 ms Megohms | Ohms ubd. uid, (Peak)? n
0.1 —_ 150! | — | — 0.03 60 20
0.1 0.95 —_ 1500t | — | — 0.015 83 29
0.5 — 17500 | — | — 0.007 86 23
0.5 p— 96501 | —— | —— 0.015 75 %3
6A6, 6N7 0.25 0.5 - 3400t | — | — 0.0055 87 24
53 1.0 —_ 4000t | — — 0.003 100 24
05 — 48500 | — | — 0.0055 76 23
0.5 1.0 _ 6100t | — [ — 0.003 94 24
2.0 — 7150t | — | — 0.0015 104 24
0.05 — 2100 | — | 3.16 0.675 57 1
0.05 0.1 I 2600 | — | 23 0.04 70 11
0.95 — 3100 | — | 22 0.015 83 12
g8 0.1 i 3800 | — | 1.7 0.035 &5 12
J( s0 0.1 0.95 —_ 5300 | — | 1.3 0.015 84 13
s affboj"), 0.5 —_ — 117 0.008 88 13
riedes. 0.95 — 96 — |09 0.015 73 13
0.5 0.5 — 119300 } — | o059 0.008 85 14
1.0 — 114000 | — | 037 0.003 97 14
0.1 0.44 500 | 0.07 a5 0.0% 55 &1
0.1 0.95 0.5 450 | o0.07 8.3 0.01 81 82
0.5 0.53 600 | 0.06 2.0 0.006 9% 94
6C6, 6J7, 6W1, 0.5 1.18 1100 | 0.04 55 0.008 81 104
0.25 0.5 1.18 1200 | 0.04 5.4 0.005 104 140
(Pantode) 1.0 1.45 1300 | 0.05 5.8 0.005 110 185
0.5 9.45 1700 | 004 | 49 0.005 75 161
0.5 1.0 2.9 2900 | 0.04 | 4.1 0.003 97 250
20 2.95 2300 | 004 | 4.0 0.0025 100 240
0.1 — 2120 | — | 3.93 | 0.037 55 29
0.1 0.25 —_— 2840 | — | 201 0.013 73 23
0.5 — 3950 | — | 179 0.007 80 25
6C8G 0.25 A 4750 | — | 1.29 0.013 95
(One triode 0.25 0.5 - 6100 | — | 096 0.0065 20 26
unit) : 1.0 — 7100 | — | 077 0.004 27
0.5 — 9000 | — | 0.67 0.007 67 27
0.5 1.0 — {11500 | — | 0.48 0.004 83 97
20 — | 14500 | — | 037 0.002 9 28
0.1 — 1300 | — | 5.0 0.025 33 42
0.1 0.25 —_ 1600 | — | 37 0.01 43 49
05 S 1700 | — | 3¢ 0.006 48 52
0.95 — 2600 | — | 25 0.01 ) 56
6F5, 6SF5 0.25 0.5 _— 3200 | — | 21 0.007 54 63
1.0 — 3500 | — | 20 0.004 63 67
0.5 — 4500 | — | 1.5 0.006 50 65
0.5 1.0 —_ 5400 | — | 1.2 0.004 &2 70
2.0 - 6100 | — | 093 0.002 70 70
0.05 — 1020 | — [ 3.56 0.06 41 13
0.05 0.1 — 1270 | — | 296 0.034 51
0.25 —_— 1500 | — | 215 0.012 &0 14
6F8G (one 0.1 pu— 1900 | — | 2.31 0.035 43 14
triode unit), 0.1 0.25 —_— 9440 | — | 1.42 0.0125 56 14
635, 6J5G 0.5 —_— 2700 | — | 1.2 0.0065 64 14
0.25 — 4590 | — | 087 0.013 46 14
0.95 0.5 —_— 5770 | — | 0.64 0.0075 57 14
1.0 — 6950 | — | 0354 0.004 64 14
0.05 — 1740 | — | 2.91 0.06 56 115
0.05 0.1 _— 2160 | — | <218 0.032 &8 195
0.95 —_— 2600 | — | 1.82 0,015 79 125
0.1 — 3070 | — | 1.64 0.03% 60 195
6L5G 0.1 0.25 _ 4140 | — 1.1 0.014 79 135
05 —_ 4100 | — | o081 0.0075 89 135
0.95 _— 690 | — | 057 0.013 64 135
0.95 0.5 —_ 9100 | — | 0.36 0.0075 80 136
1.0 — 10,750 | — | 0.4 0,005 88 135
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TABLE |—RESISTANCE-COUPLED AMPLIFIER DATA — Continued

Plate Nex(;iS‘!’age Screen Cathede | Screen | Cathode | Blocking Output | oltage
Resistor Resistor Resistor Resistor | By-pass | By-pass | Condenser Volis Gain®
Megoh Meu v Megoh Ohms uid, phd. pid, (Peak)?
0.05 —_— 1600 _ 2.6 0.055 50 9
0.05 0.1 —_— 2010 —_— 2.0 0.03 62 9
0.25 —_— 2400 —_— 1.6 0.015 b 10
0.1 — 2900 —_— 1.4 0.03 52 10
6R7, 6R1G 0.1 0.25 —_— 3800 —_— 1.1 0.015 68 10
0.5 —_— 4400 —_— 1.0 B 0.007 b 10
0.25 _ 6300 —_— 0.7 0.015 54 10
0.925 0.5 —_ 8400 —_— 0.5 0.007 62 11
1.0 _ 10,600 —_— 0.44 0.004 74 11
0.1 0.59 430 0.077 8.5 0.0167 57 575
0.1 0.25 0.67 440 0.071 8.0 0.01 73 788
0.5 0.7 440 | 0071 | B0 0.0066 82 895
657 0.25 1.7 620 0.058 6.0 0.0071 54 985
0,25 0.5 1.95 650 0.057 5.8 0.005 66 19925
1.0 2.1 700 0.055 5.2 0.0036 76 136°
0.5 3.6 1000 0.04 4.1 0.0037 52 136°
0.5 1.0 3.9 1080 0.041 3.9 0.0029 66 1625
2.0 4.1 1120 0.043 3.8 0.0023 73 1745
0.1 — 7501 | — | — 0.033 35 99
0.1 0.95 — 9301 | — | — 0.014 50 34
0.5 — 10400 | — | — 0.007 54 36
0.25 —_— 1400! —_— — 0.012 45 39
0.25 0.5 —_— 1680! -_— — 0.006 55 42
65C7 1.0 —_— 1840t — — 0.003 64 45
0.5 J— 93300 | — | —— 0.006 50 45
0.5 1.0 —_ 2980! [ —— —_— 0.003 62 48
2.0 — 39801 | — | — 0.002 78 49
0.1 0.35 500 0.10 11.6 0.019 72 67
0.1 0.925 0.37 530 0.09 10.9 0.016 96 98
0.5 0.47 590 0.09 9.9 0.007 101 104
0.25 0.89 850 0.07 8.5 0.011 79 139
65J7 0.25 0.5 110 860 0.06 1.4 0.004 88 167
1.0 118 910 0.06 6.9 0.003 98 185
0.3 2.0 1300 0.06 6.0 0.004 64 200
0.5 1.0 2.2 1410 0.05 5.8 0.002 79 238
2.0 2.5 1530 0.04 5.2 0.0015 89 263
0.1 —_— 1900 — 4.0 0,03 3 31
0.1 0.25 —_— 2200 —_— 3.5 0.015 41 39
0.5 -_ 2300 — 3.0 0.007 45 42
0.25 _ 3300 -_ 2.7 0.015 42 48
6507, 686G, | 0.5 0.5 — 3 — | 20 0.007 51 53
‘ 1.0 — 4200 — 1.8 0.004 60 56
0.5 _ 5300 —_— 1.6 0.007 47 58
0.5 1.0 —_— 6100 —_— 1.3 0.004 62 60
20 —_ 7000 | — | 19 0.002 67 63
0.1 — 1950 —_— 2.85 0.0245 44 975
0.1 0.25 _ 2 — 2.55 0.0135 58 395
0.5 —_— 2640 —_— 2.95 0.008 64 33
0.25 _ 3760 — 1.57 0.012 57 37
617G 0.25 0.5 — 4580 | — 1.35 0.0075 69 40°
1.0 — 5220 — 1.23 0.005 80 415
0.5 —_— 6570 —_— 1.02 0.008 62 495
0.5 1.0 — 8200 —_— 0.82 0.0055 77 435
2.0 —_— 9600 — 0.70 0.004 86 445
0.05 —_— 2400 —_— 2.8 0.08 65 8.3
0.05 0.1 — 3100 —_— 2.2 0.045 80 8.9
0.25 — 3800 — 1.8 0.02 95 9.4
0.1 —_— 4500 —_— 1.6 0.04 74 9.5
56, 76 0.1 0.25 —_— 6400 —_ 1.2 0.02 95 10.0
0.5 _ 7500 — 0.98 0.009 104 10.0
0.25 _ 11,100 _ 0.69 0.02 82 10.0
0.25 0.5 _ 15,200 —_— 0.5 0.009 96 10.0
1.0 _— 18,300 _ 0.4 0.005 108 10.0

1Value for both triode sactions, assuming both are working under same conditions. In phase inverter service, the cathcde resistor
should not be by-passed.

2 Voltage across next-stage grid resistor at arid-current point.

3 At 5 volts r.m.s. output. -

4 Screen snd suppressor tied to plate.

5 At 4 volts r.m.s. cutput.
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TABLE 1l—CLASS-B MODULATOR DATA

See also Receiving Tube Tables (Chapter 20) for Data on Class A, AB and AB : Amplifiers for Use as Low-Power Modulators.

Class-B Fil. | Plate | Grid Peak A.F. Zero-Sig.! Max.-Sig.! Load Res. Max.-Sig. Max.-Sig.!
Tubes (2) | Volts | Volts | Volts | Grid-to-Grid | Plate Current | Plate Current | Plate-to-Plate | Driving Power | Power Output
App. Voltage Ma. Ma.? Ohms Watts? Waits?

300 | —92.5 63 75 190 5,000 40 929
Hyéo: 6.3 | 400 | —225 57 75 190 6,000 3.0 30
801 75| 600| —75 390 8 130 10,000 3.0 45
300 © 104 20 100 5,000 1.4 18
HY31Z° | 63| 400] O 140 26 150 . 2.0 40
500| © 131 36 150 7,000 18 51
RK65 63| 600| —35 —_ —_ 55 8,000 0.4 65
400 | —165 77 75 150 6,000 0.4 36
1624 25| 600 —g5 106 42 180 7,500 12 72
1Z20 75| 150 O 195 - 170 9,000 26 80
600 | —35 183 65 190 4,500 7.0 65
HYeé9: 63| s500| —25 120 5 200 5,000 30 97
RK12 63| 750 © 129 50 200 9,600 3.4 100
750 | —40 390 26 210 6,400 6.0 90
800 7.5 | 1000 | —55 300 28 160 12,500 44 100
1250 | —70 300 30 130 21,000 34 106
600, 0 174 18 180 6,000 Note 5 75
HY30Z 63 750| O 167 29 180 8,000 “ 95
850 © 171 928 180 10,000 “ 110
400 | —g95 80 100 9230 3,800 0.35 60
8076 63 | 500 —%5 80 100 230 4,550 0.6 75
-3 | 800 | —30 80 60 200 6,660 0.4 80
7507 —32 95 60 240 7,320 05 120
809 500 0 135 40 200 5,900 2.4 60
8283 63| 750| —45 140 40 200 8,400 2.4 100
10007 —10 156 40 200 1600 34 145
830.8 10| 800 | —27 250 20 280 6,000 5.0 135
- 1000 | —35 270 20 280 7,600 6.0 175
750 | © 17 39 295 6,000 Note 5 110
HY40Z 75| 850 O 185 10 250 7,000 W 155
1000| © 185 45 250 9,000 " 185
408 75 | 1250 | —15 240 40 230 19,700 7.8 185
S5 11500 | —16 110 30 190 18300 48 190
811 63 | 1250 © 140 48 200 15,000 3.8 175
-3 1 1500 —9 160 20 200 18,000 42 295
50| 75 0 —_ _ —_ 6,000 — 100
35T 50 11000 —22 — _ —_ 7,200 _— 150
to | 1250 | —30 — —_ — 9,600 —_ 200
11 1500 | —40 _ —_ —_ 12,800 —_ 230
750 | —100 430 40 350 4,000 10 150
154 50 | 1000 —155 510 50 300 7,500 10 200
011950 | ~210 600 40 256 11,400 10 293
1500 | —265 700 80 230 16,000 10 250
1000 0 290 _ 280 7,350 5.5 175
TZ40° 7.5 | 1250 | —4.5 269 —_ 980 10,000 6.0 995
1500 | —9 265 —_ 950 12,000 6.0 250
RK52 751250 o0 180 40 300 10,000 75 250
RK58 10 | 1250 o0 200 148 320 9,000 15 260
1000 | ~35 310 26 390 6,900 10 200
203-A 10 | 1950 | —45 330 2 390 9,000 11 260
838 10| 10000 0 90 106 390 7,600 5.0 200
1250 0 %0 148 390 11,200 5.0 260
211 40 | 1000 | —77 380 20 320 6,900 7.5 200
1250 | —100 0 20 320 9,000 8.0 260
850 o0 148 48 300 5,000 Note 5 160
HY51Z 7.5 |1000| 0 170 60 350 6,000 “ 260
1250 © 155 90 300 10,000 “ 985
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TABLE Il —CLASS-B MODULATOR DATA — Continued

Class-B Fil. | Plate | Grid Peak A.F. Zero-Sig.! Max.-Sig.! Load Res. M_ax.-Sig. Max-Sig.!
Tubes (2) | Volts | Volts | Volts | Grid-to-Grid | Plate Current | Plate Cutrent | Plate-to-Plate | Driving Power | Power Output
App. Voltage Ma. Ma.? Ohms Woatts? Woatts®
1000 0 206 50 350 6,200 6.5 230
203-z 10 | 1950 | —4.5 215 60 350 8,000 675 300
750 0 190 50 320 4,800 5.0 150
ZB120 10 1000 0 90 70 310 6,900 5.0 200
1250 0 180 95 300 9,000 4.0 245
1500 | — 9 196 60 296 11,200 5.0 300
RK38 5.0 2000 —52 357 36 265 16,000 5.8 330
HF100 10 | 1500 | —52 264 50 270 12,000 2.0 260
ito 11 1750 | -—-62 324 40 270 16,000 9.0 350
g59 . 40 | 2000| —155| 600 29 180 29,000 3.5 220
: 3000 | —250 780 14 160 36,000 3.5 360
805 10 1250 0 235 148 400 6,700 6.0 300
RK57 1500 | —16 280 84 400 8,200 7.0 370
898 (0 | 1700 | —1200 240 50 248 16,200 — 300
2000 | —120¢6 240 50 270 18,300 —_— 385
1000 | — _ _ —_— 6,800 ; —_— 200
75T 5.0 | 1500 | — —_ —_ —_— 10,000 —_ 300
2000 — —_— —_— —_— 12 500 —_— 400
810 10 | 1500 | —30 345 80 500 6,600 12 510
2000 | —50 345 60 490 11,000 10 590
1000 5,200 170
5.0 1250 7,200 May be 230
100TL to | 1500 | Bias adjusted for maximum rated plate dissipation 9,600 driven by 270
2000 under no-signal conditions 16,000 push-pull 350
2500 22,000 6L6's 435
3000 30,000 465
1930 7300 | Mavb 260
5.0 Bias adjusted for maximum rated plate dissipation . iay De
100TH to 12388 under no-signal conditions 12,888 drlvhen bﬁ ggg
5.1 | 3500 Zero bias up to 1250 v, plate 29000 ""ZL'(,".': 260
3000 30 000 B 500
806 5.0 | 2000 | —150 340 20 390 11,500 14 500
1500 | —40 —_ 36 4395 8,000 Note 9 400
HD 203-A) 10 | {350 | —67 - 36 495 9/000 500
Bias adjusted for maximum rated plate dissipation May be
gggp‘H to g? }ggg under no-signal conditions. 250TH used with 2,360 driven by 350
' zero bias up to 1400 v, plate 3,280 p.p. 6L6's 540
1000 | —60 340 40 252 10,000 14 162
354 5.0 1500 | —95 440 60 267 10,000 20 315
354C . 2000 | —125 500 100 294 10,000 20 448
92500 | —165 560 80 236 15,000 20 577
354D 5.0 | 1500 | —60 350 50 977 12,000 20 302
. 2500 | —112 430 50 290 20,000 20 519
354E 5.0 1500 | —95 334 50 325 10,000 20 319
- 2500 | —50 384 50 348 16,000 20 595
354F 5.0 | 1500 | —15 974 50 280 12,000 20 290
’ 2500 | —35 310 50 300 20,000 20 550
! Values are for both tubes.
) l:eSsmusouial signal values; h values are approximately one-half for tubes biased to approximate cut-off and 80% for zero-bias
u

3 Values do not include transformer losses. Somewhat higher power is required of the driver to supply losses and provide good regu-
lation. Input transformer ratios must be chosen to supply required power at specified grid-to-grid voltage with ample reserve for losses
and low distortion levels. Driver stage should have good regulation.

4Beam tube. Class AB:. Screen voltage: 300,

5 Driver: one or two 45's at 275 volts, self-blas (—55v.).

¢ Beam tube. Class AB:. Screen voltage: 300 at 10 ma. EFfective grid circuit resist should not d 500 ohms,

7 Intermittent teur and ial service rating. )

8 Pentode. Class AB:, Suppressor volts 60 at 9 ma. Screen volts: 750, 4/43 ma, at 1700 plate volts, 2/60 ma. at 2000,

9 Can be driven by a pair of 2A3’s in push-pull Class-AB at 300 volts with fixed bias.

10 Dual tube, Values are for one tube, both sections,
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may be regulated to some extent by varying
the leak resistance. Alternatively, a modula-
tion transformer with tapped secondary may
be used, the grid modulation being adjusted
by choice of a suitable tap.

The following table shows how the plate in-
put and plate efficiency of the r.f. amplifier,
and the required audio power for 1009, modu-
lation, vary with the different types of modu-
lation. 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. Bias
Mod. (m=40%) (m=20%) Mod.
Carrier output, watts 100 100 100 100
D.c. plate input,
watts. . ... ... ... 129 178 228 300
Plate dissipation,
watts............ 29 78 128 200
Audio power required,
watts. ........... 65 36 23 —_—

® 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 r.f. stage. The
process is therefore essentially one of working
backward from the modulator to the micro-
phone.

Class-B Modulators

The preceding discussion has shown that
modulator output requirements vary widely
with the type of modulation system chosen. In
the case of plate modulation, the relatively-
large audio power needed practically dictates
the use of a Class-B modulator, since the power
can be obtained most economically with this
type of amplifier. A typical circuit is given in
Fig. 610, and operating data on various tubes
as Class-B audio amplifiers in Table I. The
power outputs are for a pure-tone signal, which
is the basis of design. A pair of tubes must be
chosen which is capable of delivering sine-wave
audio power equal to half the d.c. input to the
modulated Class-C amplifier, as already de-
scribed. Any type of tube meeting this condi-
tion will be satisfactory. It is sometimes con-
venient to use tubes which will operate at the
same plate voltage applied to the
Class-C stage, since one power
supply of adequate current ca-
pacity may suffice for both stages.
In other cases, better overall per-

Audio
Input

Fig. 610 — Class-B modulator and
driver cirouit.
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formance and economy may result from the
use of separate power supplies. This is a matter
for individual consideration, and generalization
is not possible.

Matching Modulator to Modulated
Amplifier

The plate-to-plate load impedance specified
for rated power output of the Class-B modulator
seldom corresponds to the modulating imped-
ance 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

Z,
Z!!I

where Z, is the Class-C modulating impedance
and Z, is the plate-to-plate load impedance
specified for the Class-B tubes.

Commercial Class-B output transformers
usually are rated to work between specified
primary and secondary impedances and are
designed for specific Class-B tubes. 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.

Driving Power

Class-B amplifiers are driven into the grid-
current region, so that power is consumed in
the grid circuit. The preceding stage or driver
must be capable of supplying this power at the
required peak audio-frequency grid-to-grid
voltage. Both these quantities are given in
Table I. The grids of the Class-B tubes repre-
sent a variable load resistance over the audio-
frequency cycle, since the grid current does
not increase directly with the grid voltage.
To prevent distortion, therefore, it is necessary
to have a driving source which has good
regulation — that is, which will maintain the
waveform of the signal even though the load
varies. This can be brought about by using a
driver capable of delivering two or three times

CLASS-B MODULATOR

Output
77 ragr-
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the actual power comsumed in the Class-B
grids, and by using ar input coupling trans-
former 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, =14 /PR

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

Eﬂ

E,
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 de-
signed for specific driver-modulator combina-
tions, and usually are adjusted to give as good
driver regulation as the conditions will permit.

Grid Bias

Modern Class-B audio tubes are intended for
operation without fixed bias. This lessens the
variable 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.

_ MicTons. So0 0.8 M.
MB ]
M
Tesv A + g~ %
Me. to Line to
line trans Grid trans.

Fig. 611 — Speech input circuit ar-
rangements for five generally used types
of microphones. Mi, single-button car-
bon; M3, double-button carbon; Ms,
condenser; My, ribbon or velocity type;
M3, crystal type.

Modulation

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 ad-
ditional requirement is that the output con-
denser of the supply should have low reactance
at 100 cycles or less compared to the load into
which each tube is working, which is 14 the
plate-to-plate load resistance. A 4-ufd. output
condenser with a 1000-volt supply, or a 2-ufd.
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 ampli-
fier, in all modulation systems, must also be
well filtered to prevent hum. The output con-
denser 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 out-
put 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 thusimprove 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 cou-
pling 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 considera-
tion after the modulator has been selected,
since the output of the microphone and the
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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 micro-
phones of different basic types, and also varies
between different models of the same type.
The output is also greatly dependent on the
character of the individual voice and the dis-
tance of the speaker’s lips from the microphone,
decreasing approximately as the square of the
distance. It also may be affected by reverbera-
tion in the room. Hence, only approximate
values based on averages of ‘“normal’ speak-
ing 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 vari-
able potentiometer included in each circuit for
adjusting the button current to the correct value
as specified with each microphone. The opera-
tion 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 micro-
phones give outputs ranging from 0.1 to 0.3
volt across 50 to 100 ohms; that is, across the
primary winding of the microphone trans-
former. With the step-up of the transformer, a
peak voltage of between 3 and 10 volts across
100,000 ohms or so can be assumed available
at the grid of the first tube. These microphones
are usually operated with a button current of
50 to 100 ma. )

The sensitivity of good-quality double-
button microphones is considerably less, rang-
ing 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 ampli-
fier grid. The button current with this type
microphone ranges from 5 to 50 ma. per button.

Condenser Microphones

The condenser microphone of Fig. 611-C
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 across 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 micro-
phone. The first amplifier tube must be built
into the microphone sinee the capacity of a
connecting cable would impair both output
and frequency range.

Velocity Microphones

In a velocity or ribbon microphone, the ele-
ment 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 re-
placed by a eoil attached to a diaphragm. The
coil provides several turns of wire cutting the
magnetic field, and thus gives greater sensitiv-
ity. A small permanent-magnet loud-speaker
makes a practical dynamic microphone.

Crystal Microphones

The input circuit for a piezo-electric or crys-
tal type microphone is shown in Fig. 612-E.
The element in this type consists of a pair of
Rochelle salts erystals cemented together, with
plated electrodes. In the more sensitive types
the crystal is mechanically coupled to a dia-
phragm. Sound waves actuating the diaphragm
cause the crystal to vibrate mechanically and,
by piezo-electric action, to generate a corre-
sponding alternating voltage between the elec-
trodes, 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 micro-
phones varies with different models, an output
of 0.01 to 0.03 volt is representative for ama-
teur communication types. The sensitivity is
affected by the length of the cable connecting
to the first amplifier stage; the above figure is
for lengths of 6 or 7 feet. The frequency char-
acteristic is unaffected by the cable but the
load resistance (amplifier grid resistor) does
affect it, the lower frequencies being attenu-
ated as the shunt resistance becomes less. Grid
resistor values of 1 megohm and higher
should be used, 5 megohms being a customary
figure.

Frequency Range

Wide frequency response in speech input
equipment is not required for voice transmis-



sion, uniform frequency response from 100 to
about 3000 cycles being adequate. It is there-
fore satisfactory to choose a microphone in-
tended particularly for speech transmission,
rather than one designed for broadecast pro-
gram use. Since the high r.f. selectivity of mod-
ern amateur ’'phone receivers and the use of
‘“‘tone controls” in receiver audio systems cut
off the higher frequencies anyway, the trans-
mitted modulation frequencies above 3000
cyeles 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 re-
quired 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 speci-
fied.

Overall Gain

The minimum voltage gain required in the
speech amplifier will be

E,

Ean

where E, is the peak grid voltage just found
and E,, is the peak voltage output of the micro-
phone (from the microphone transformer, if
oneis 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 giv-
ing a gain of 100 is followed by one giving a
gain of 15, the total gain is 100 X 15, or 1500.

Resistance Coupling

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

Modulation
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Stagd
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Fig. 612 — Resistance-coupled voltage amplifier cir-
cuits. A, pentode; B, triode. Designations are as follows:

Ci1 — Cathode by-pass condenser.

Cg — Plate by-pass condenser.

C3 — Output coupling condenser (blocking condenser).
C4 — Screen by-pass condenser.

R1 — Cathode resistor.

Rz — Grid resistor.

Rz — Plate resistor,

Re¢ — Next-stage grid resistor,

Rs — Plate decoupling resistor.

Re¢ — Screen resistor.

Values are given in Table II, except Rz and Rs. Rz
will depend upon the previous stage, since it is the “next
stage grid resistor” for that stage. Values up to 1 meg-
ohm may be used with small receiving tubes. Rs is usu-
ally about 209 of the value of Ra.

decoupling resistor, Rs, is good practice since
it tends to prevent feedback between stages
because of common coupling through the power
supply.

Transformer Coupling

Transformer coupling between stages is sel-
dom 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
ineflicient, 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 block-
ing condenser Cj, 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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Fig. 613 — Transformer-coupled amplifier circuits for
driving a push-pull amplifier. 4, resistance-transformer
coupling; B, transformer coupling. Designations corrc-
spond to those of Fig. 611. In A4, values can be taken
from Table II. In B, the cathodc resistor is calculated
from the 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, B 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 im-
proving 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 u 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-x triodes.

Voltage 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 volt-
age 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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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 re-
sistance coupling by using an extra tube as
shown in Fig. 614. There is a phase shift of 180
degrees through any normally-operating resis-
tance-coupled stage, and the extra tube is used
purely to provide this phase shift without addi-
tional gain. The outputs of the two tubes are
then added to give push-pull excitation to the
next amplifier.

In Fig. 614, V, is the regular amplifier, con-
nected in normal fashion to the grid of one of
the push-pull tubes. The next-stage grid re-
gistor is tapped so that part of the output
voltage is fed to the grid of the phase inverter,
Va. This tube then amplifies the signal and
applies it in reverse phase to the grid of the

Fig. 614 — Phase inversion circuit for driving a push-
pull amplifier without a transformer. Ri, grid resistor;
Rz and Rs, plate load resistors; R4 and Rs, next stage
grid resistors; C1 and Cz, blocking or coupling condens-
ers; Cs, plate by-pass condenser. Rs is equal to half the
value specificd in the table if scparate tubes are used at
Vi and Va; 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 V; and Vs, with identical
plate resistors and output coupling condensers.
The tap on R4 is adjusted to make V) and Vo
give equal voltage outputs so that balanced
excitation is applied to the grids of the follow-
ing 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.

Choosing a Tube Lineup

When high gain is required, a pentode ordi-
narily 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 pen-
tode 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



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 satis-
factory 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 Fig. 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 u, 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

Modulation

FIRST SPEECH
AMP.

Fig. 616 — Output limiting circuit to prevent over-
modulation.

Ci, Cg, C3, C+ — 0.1-ufd. paper.
Ri, Rz, Rg — 250,000 ohms.

R4 — 25,000-ohm potentiometer.
Rs — 100,000 ohms.

T — See text.

difficult to speak into the microphone at a
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 out-
put and applying the rectified and filtered d.c.
to a control electrode in an early stage in the

0.01V. 1.04V. 0.22V. 3V, 62V, 124 V.
i
. . : PUSH~
Fig. 615 — Block diagram of a 6J7 6J5 ecs PULL
typical speech amplifier, showing >c1 GAIN GAIN GAN 2A3's
voltage gain and signal level at (04 \ 4 20 = { outeur
each. T 10 WATTS
GAIN CONTROL N GAIN 2

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 micro-
phones 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 micro-
phone 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

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 cir-
cuit alone may have its grid connected in
parallel with that of the last voltage amplifier.
Resistor R4 in series with Rg across the plate
supply provides variable bias on the rectifier
plates so that the limiting action can be de-
layed until a desired microphone input level is
reached. Ry, B3 and Cy, Cs, 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 out-
put circuit should be used. A half-wave recti-
fier can be used instead of the full-wave circuit
shown, although satisfactory filtering is more
difficult.
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Workshop Practice

Tools — Constructional Methods — Coil Winding

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

® TOOLS

While the greater the variety of tools avail-
able, 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 re-
quired 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 fol-
lowing list will be found helpful in making a
selection:

Bench vise, 4-in. jaws

INDISPENSABLE TOOLS

Long-nose pliers, 8-in.

Diagonal cutting pliers, 6-in.

Screwdriver, 6- to 7-in., }£-in. blade

Screwdriver, 4- to 5-in., Y8-in. blade

Scratch awl or ice pick for marking lines

Combination square, 12-in. for laying out work

Hand drill, ¥4-in. chuck or larger, 2-speed type
preferable

Electric soldering iron, 100 watte

Hacksaw, 12-in. blades

Center punch for marking hole centers

Hammer, ball pien, 1-lb. head

Heavy knife

Yardstick or other straight edge

Carpenter’s brace with adjustable hole cutter or
socket-hole punches (see text)

Pair small **C” clamps for holding work

Large coarse flat file

Large round or rat-tail file, 34-in. diameter

Three or four small and medium files, flat, round,
half-round, triangular

Drills, particularly £-in., and Nos. 18, 28, 33, 42
and 50

Combination oil stone for sharpening tools

Solder and soldering paste (non-corroding)

Medium-weight machine oil
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Tin shears, 10-in. for cutting thin sheet metal

Taper reamer, 14-in. for enlarging small
holes

Taper reamer, 1-in. for enlarging holes

Countersink for brace

Carpenter’s plane, 8- to 12-in. for wood work-
ing

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 flat open-end wrenches for hex nuts

Wood chisel, 14-in.

Cold chisel, 14-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

12 Lo 15°
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Fig. 701 —Important surface angles in drill sharpening
The point surfaces of the drill should be ground back
from the cutting edges so that they are higher than the
rest of the surfaces; the angle of 12 to 15 degrees shown
at A is 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. Tt 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 ecircular saws and joiner. Al-
though unnecessary, they are mentioned here
for those who may be in a position to acquire
them.
Care of Tools

To a good workman, the proper care of tools
is not only a matter of pride, but he also real-
izes the energy which may be saved and the
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Fig. 702 — A work bench for the amateur shop. The
legs are of 4-in. by 4-in. stock, the side rails and “junk
shelf”’ of 1-in. boards and the top of 1%{-in. or 1%4-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 main-
tain the fine cutting edges of knives, drills,
chisels, etc.

Drills should be sharpened at frequent in-
tervals so that grinding is kept at a minimum
each time. This makes it easier to maintain the
rather critical surface angles 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 should be re-
moved and cleaned of any scale, 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 avail-
able, 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, ete.

Workshop Practice

® USEFUL MATERIALS

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 repre-
sentative list follows:

14-in. by 1/16-in. brass strip for brackets,

etc. (half-hard for bending)

14-in. square brass rod or 14-in. by l4-in.

by 1/16-in. angle brass for corner joints
14{-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
14-in. to 1}4-in. (Nickeled iron will be
found satisfactory except in strong r.f.
fields where brass should be used.)

Plain washers and lock washersforscrews

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 re-
moving 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 satis-
factory 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 brack-
ets 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 i.f. transformers, etc., as
well as holes for wiring leads.

By means of the square, lines indicating ac-
curately the centers of shafts should be ex-
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tended to the front of the chassis 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.

Next mount on the chassis the condensers
and any other parts with shafts extending to
the panel, and measure accurately the height of
the center of each shaft above the chassis as
illustrated in Fig. 703. The horizontal dis-
placement 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.

Drilling and Cutting Holes

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 }4{-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 14-in. drills. Although it is rather
tedious, the 4-in. hole may be filed out to
larger diameters with round files. Another pos~
sible 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,
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Fig. 703 — Method of measuring heights of shafts.
If the square is adjustable, the end of the scale should be
set flush with the face of the head.
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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 rat-
tail file may be clamped in the brace and makes
a very good reamer for holes up to the diam-
eter of the file if the file is revolved counter-
clockwise.

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. Occa-
sional 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
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Fig. 704 — Cutting rectangular chassiz holes. The
hacksaw blade can be inserted in one of the four holes
and then fastened in the haeksaw frame. The other holes
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 14-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 re-
moved with a file or sometimes more con-
veniently with a sharp knife or chisel. It is a
good idea to keep an old wood chisel sharpened
up for this purpose.

Cutting Threads

Brass rod may be threaded or the damaged
threads of a screw repaired by the use of dies.
Holes of suitable size (see drill chart) may be
threaded for screws by means of taps. 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



NUMBERED DRILL SIZES

Drilled for
Diameter Will Clear Tapping Iton,
Number (mils) Screw Steel or Brass*

1 228.0 — —

2 221.0 12-24 —

3 213.0 — 14-24

4 209.0 12-20 —

5 205.0 — —

6 204.0 — —

7 201.0 — —_

8 199.0 — —

9 196.0 — —
10 193.5 10-32 —
11 191.0 10-24 —
12 189.0 — —
13 185.0 — —_
14 182.0 — —
15 180.0 — —
16 177.0 — 12-24
17 173.0 — —
18 169.5 8-32 —_
19 166.0 — 12-20
20 161.0 — —
21 159.0 — 10-32
22 157.0 — —_
23 154.0 — —
24 152.0 — —
25 149.5 — 10-24
26 147.0 — —
27 144.0 — —
28 140.5 6-32 —
29 136.0 —_ 8-33
30 128.5 — —
31 120.0 — —
32 116.0 — —
33 113.0 4-36 4-40 —_
34 111.0 — —
856 110.0 —_ 6-32
36 106.5 — —
37 104.0 — —
38 101.5 — —
39 099.5 3-48 —
40 098.0 — —
41 096.0 — —
42 093.5 —_ 4-36 4-40
43 089.0 2-56 —
44 086.0 — —
45 082.0 — 3~-48
46 081.0 — —
47 078.5 — —
48 076.0 — —
49 073.0 — 2-56
50 070.0 —_ -—_
51 067.0 — —
52 063.5 — —
53 059.5 — —
54 055.0 — —

* Use one size 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 stick-
ing less troublesome.

Cutting and Bending Sheet Metal
If a sheet of metal is too large to be con-
veniently cut with a hacksaw, it may be
marked with scratches as deep as possible
along the line of the cut on both sides of the

Workshop Practice

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 flat surface and run-
ning 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 Finishing 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 Kem 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 re-
quired current without appreciable voltage drop
(see Wire Table, Chapter Twenty). Rubber-
covered 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-
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factory for receivers and low-drain transmit-
ting tubes where the total length of wire is 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 in-
sulation 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-sup-
ply 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
rubber grommets to fit the hole to prevent chaf-
ing of the insulation. In cases where power-
supply 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, etec.
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.f. wiring on each side of the circuit
as symmetrical as possible. When it is neces-
sary 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 con-
densers, 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 be done in such
a manner that exposed points are kept at a
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 suf-
ficient 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 non-
corroding 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 con-
necting 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 recep-
tacles subject to frequent strain.

If a control shaft must be extended or in-
sulated, a flexible shaft coupling with adequate
insulation must be used. Satisfactory support
for the shaft extension may be provided by
means of a mefal panel bearing made for the
purpose. Never use panel bearings of the non-
metal type unless the condenser shaft is
grounded. The metal bearing should be con-
nected to the chassis with a wire or grounding
strip. This prevents any possible danger

® COIL CEMENT

Duco cement, obtainable universally at
hardware, stationery or five-and-ten-cent
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 — Con-
verters — Beat Oscillators — Preselection — Antenna
Tuning

r
FHE hone-built receiver has strong competi-
tion to meet in the greatly-diversified line of
receiving equipment now available from a num-
ber 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 re-
ceiver of the more elaborate variety is charac-
terized 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 maxi-
mum performance per dollar of cost. They are
all relatively inexpensive to build. Free use is
made of regeneration to obtain gain and selec-
tivity with a small number of tubes and cir-
cuits. 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 at-
tempt 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 datain Chapter 11.

® A TWO-TUBE REGENERATIVE RE-
CEIVER

The simplest receiver capable of giving satis-
factory 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 is well suited for
duplication by beginners. Since dry-battery

tubes as well as those intended for operation
from the a.c. line may be 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,
Cs, 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 114
inches in diameter — and the centers should be
224 inches back from the panel and 14 inches
in from the edges of the chassis.

The coil socket is midway between the two
tube sockets and is also 234 inches behind the
panel. This socket is supported by two 1}4-inch

Fig. 801 — The receiver mounted in its cabinct and
ready for use.
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Fig. 802 — A top-of-chassis view of the two-tube re-
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 ac-
commodate 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 as-
sembly, which swerves as a support for the con-
denser and also as the antenna binding post.
The ground post is made from a bolt through
the baseboard which has a convenient solder-
ing lug held in place by a washer and the bot-
tom nut. The paint should be scraped from the
chassis so that the lug makes good electrical
contact.

The choke Ls and the transformer 7' 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 C1 and C; are sup-
ported 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 814 inches
and is the one furnished with the cabinet. The
band-set condenser, C2, and the regeneration
control, Ry, are 234 inches away from the main
tuning condenser, C;, so that the knobs will
clear the edge of the dial. C; is placed in the
center of the panel and the switch, Sw, and
the phone tip jacks are centered under Cs and
R4 respectively, at a height of 1 inch from the
bottom of the panel.

TWO-TUBE RECEIVER COIL TABLE

Turns Dimensions, Inches Band Spread

No. Range, Me. Amateur Band, Me. I L3 L3 a b ¢ d & Tap

1 1.55- 3.0 1.75 488 1315 13 1% % % % % —
: (28) )

2 2.8-6.5 3.5 228 103 8% % % 4 % XU —
(2034) (%)

3 5.0 ~10.5 7.0 158% 7% 5% % U A B % 7
(1234) (36)

4 7.5 -16.5 14.0 9% 4% 51 % U % A % 214
8%) (5%%) —) (4

5 16.0 -33.0 28.0 3 3% 24 Y Y 4 — % 1

(not recommended)

All coils are wound with No. 24 d.s.c. wire. The taps are counted off from the lower end of L1 (connection B); coils No.
1 and 2 are not tapped and terminal D goes directly to C inside the coil form. All Li1's are space-wound except on ¢oil
No. 1; all La's and L3 are close-wound except on coil No. 5, where Ls is space-wound within L1.
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The remaining receiver parts are mounted
underneath the chassis. They can be identified
readily in Fig. 804. Although the exact place-
ment of parts is not critical, the general ar-
rangement shown should be followed, since it
results in short radio-frequency leads and also
lends itself to convenient wiring,.

Connections in the tuning circuit (between
the variable condensers and the coil socket)
are made with bus wire as shown in Fig. 802.
A wire from the rotor of Cy goes to the rotor of
€1 and thence to B on the coil socket. Another
wire from B goes through the base and over to
the No. 2 pin of the detector socket. Finally, a
wire from B is run to the ground binding post
at the rear of the set.

The grid condenser, Cy, and the grid leak, Ry,
are mounted on the stator terminal of Cs, being
soldered directly to the lug. Thus only a short
connection is needed to run to the grid cap of
the tube and there is little tendency to pick up
hum from nearby power wires.

Pieces of bus wire are used to connect the
stators of the tuning condensers to the proper
coil socket terminals, and
another piece of the wire
is used from F on the coil
socket to the screen-grid
pin (No. 4) of the detector
socket. The rest of the
connectionsare made with
smaller ‘‘push-back”

Construction of Receivers

positions, and a study of Fig. 804 will furnish a
clear picture of how to run the leads. The se-
quence of the connections on the power-plug
socket is of no importance. The switch, Sw, in
the positive B lead, is necessary so that the bat-
tery plate supply will not be wasted during
transmission periods. The heater or filament
power, which is left on during any operating
period, is most conveniently disconnected at
the source, whether it be battery or trans-
former.

Coil data are given in the table and should
be followed closely as a start. When starting to
wind a coil, first solder one end of the wire
in the proper pin, after threading the wire
through a small hole in the coil form. Then se-
cure the distant end of the wire (after unwind-
ing from the spool as much wire as is judged
necessary for the coil) to a doorknob or other
convenient point, and wind the coil by stretch-
ing the wire taut and walking towards the far
end of the wire as the coil form is revolved in
the hand. This will wind the wire tightly on the
form and result in a much better-looking coil

6CS or
Cg 1A5 T,

@P/mﬂ

wire.

Of the three wires from
the variable resistor, Ry,
the one from the right-
hand side (looking at it
from the back) goes to the
ground bus, the center
one runs over to one side
of Cs, and the third ter-
minal connects to switch
Swthrough Rs. Connected
in this manner, turning
the knob clockwise will
increase the screen volt-
age and consequently the
feedback.

In connecting Cy, be
sure the “plus” terminal

-X3

With 6J1and 6C5,

With INS-GTand 1A5, T3 m

Fig. 803 — Wiring diagram of the two-tube receiver.
Cy — 35-pufd. midget variable (Millen 20035 or Hammarlund HF.35),
Ca — 100-uufd. midget variable (Millen 20100 or Hammarlund HF-100).
C3 — 3-30-uufd. mica trimmer condenser (Millen 26030, Hammarlund MEX or

o+
B+ ~C+ -FIL+
B i< FiL. FiL
= eav.
mnn Storage /Sa[tery
Hov.
- % - fiL 4

goes to the No. 8 pin on
the amplifier tube socket,
The “minus” terminal
should connect to the
common ground wire. If
this connection is not
made properly, the con-
denser will not function
correctly and may be
damaged.

The rest of the wires
are placed in convenient

National M30).
C4 — 100-ppfd. midget mica.
Cs — 0.5-4fd., 400-volt paper.
Ce, C7 ~— 0.0005-pfd. midget miea.
Cs—0.01-4fd., 600-volt paper.
Co — 10-ufd., 25-volt electrolytic.
Ry — 2-megohm, 1.watt carbon.
R — 0.5-megohm, 14.watt carbon.
Ra — 1000-ohm, }3-watt carbon.
R4 — 25,000-0hm wire-wound potentiometer.
Rs — 15,000-0hm, 1-watt carbon.
Ly, La, Ls — See Fig. 805 and coil table.
Ls¢ — 500-benry audio choke (Thordarson T67C46).
Ty — Audio transformer (Thordarson T13A34).
Sw — Single-pole single-throw toggle switch,
RFC — 2.5-mh. radio-frequency choke.

CHAPTER EIGHT

111



The Radio Amateur’s Handbook

than if the form is held and the wire wrapped

around. When the proper number of turns has
been wound on the form, the wire is cut a foot
from the form and this end threaded through
the proper hole and pin in the form. The insula-
tion is then scraped from the end of the wire
brought through the pin, and the wire is sol-
dered to the pin. The important thing is to
wind on the wire evenly and as tightly as pos-
sible. In the case of spaced turns, the wire is
wound on first by spacing the turns by eye and,
after the ends have been soldered, the turns
can be moved slightly to give more even
spacing, or string can be wound between the
turns and then unwound.

Taps are made on Ly by drilling a small hole
in the form at the proper point (after the coil
has been wound and properly spaced), seraping
the insulation on the wire for a very small dis-
tance either side of the hole, and soldering the
end of a short length of wire to the scraped
portion.

After the set is completed and the wiring
checked to make sure that it is exactly as
shown, insert the No. 3 coil (selected because
signals can usually be heard in this range at any
time of the day or night) in the coil socket and
connect the headphones, antenna and ground,
and the heater supply. The heater supply, as
well as the plate power, is conveniently con-
nected by means of a 5-wire cable and a 5-prong
plug which fits into the socket at the rear of the
set. After the heater supply has been connected
for a few minutes, the metal tubes should feel
warm to the touch; the dry-battery tubes heat
up instantly but there is no detectable sign
that they are on. If the tubes do not warm up,
the wiring should be checked. The ‘“B”’ battery

Fig. 804 — The underside of the two-tube receiver chassis, showing
how the pancl is spaced away from the chassis (necessary only when a

cabinet is used).
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(and *‘C,” if needed) can now be connected and
the switch, Sw, closed. The switch is closed
when the toggle is pointing towards the side of
the switch from which the terminals are
brought out.

Now turn the regeneration control knob in a
clockwise direction until the set goes into oscil-
lation. This phenomenon is easily recognizable
by a distinet click, thud or hissing sound. The
point where oscillation just begins is the most
sensitive operating point at that particular
dial setting.

The tuning dial may now be slowly turned,
the regeneration control knob being varied
simultaneously (if necessary) to keep the set
just oscillating. A number of stations will prob-
ably be heard. A little practice will make tuning
easy.

If the set refuses to oscillate, the sensitivity
will be poor and no code signals will be heard on
the frequencies at which such signals should be
expected. It should oscillate easily, however, if
the coils are made exactly as shown and the
tubes and batteries are good. It sometimes hap-
pens that the antenna takes so much energy
from the set that it cannot oscillate, this usu-
ally resulting in ‘““holes’” in the range where no
signals can be picked up (and where the hissing
sound cannot be obtained). This can be cured
by reducing the capacity of C3 (unscrewing the
adjusting screw) until the detector again osecil-
lates. If it still refuses to oscillate, the coil L3
must be moved nearer to Lg or, in extreme
cases, a turn or two must be added to Ls. This
is best done by rewinding with more turns
rather than by trying to add a turn or two to
the already-wound coil. For any given band of
frequencies, adjust C;3 (and possibly L3) so that
the detector oscillates over the
whole range, using as much ca-
pacity at C3 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 con-
trol, Ry, is required at the high-fre-
% quency end of a coil range (Cs at
: or near minimum capacity) than at
the low-frequency range. Since it is
desirable to have the detector go
into oscillation with the regenera-
tion control advanced well towards
its maximum, the best adjustment
of the antenna condenser, C3, and
the feedback coil, L3, is that which
requires almost a maximum setting
of the regeneration control at the
low-frequency end (maximum ca-
pacity of C2) of any coil range.

Coil No. 1 just misses the high-
frequency end of the broadecast
band, but it is possible to hear




police stations and the 160-meter
amateur band with it, as well as
other services. The amateur band is
most easily located by listening at
night (when there is the most activ-  pistes
ity), setting Cy at maximum and  ofC;
slowly tuning with Cy until some of
the police stations are heard. These
stations operate on 1712 ke., so that
once found they become “markers”
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
work out to be about 70% to 80%
fully meshed, for the 160-meter ama-
teur band.

Locating the amateur bands on the
other coils is done in much the same
manner, by searching carefully with
Cs. The 3.5-4.0-Mec. amateur band
will be found on coil No. 2 at about
659, setting of Cs; it will be easiest to
locate this band by setting C; at minij-
mum capacity (plates unmeshed) and
adjusting Ce until amateur ’phone
stations are heard. Again this is best done at
night, when the activity is heaviest on this
band. On coil No. 3, the 7-Mec¢. amateur band
will be found with C2 meshed about 45%; the
14- and 28-Mec. bands are found with C2 meshed
about 209, and 159, respectively.

Since a regenerative receiver is particularly
susceptible to hum troubles when operated
with a rectified a.c. plate supply, a 90-volt ““B”
battery (two 45-volt blocks in series) is recom-
mended for this purpose.

A suitable antenna for the receiver would be
50 to 75 feet long, and as high and clear of sur-
rounding objects as possible. The ground lead
should preferably be short; a ground to a
heating radiator or any of the water piping is
good. (Bib. 1.)

® A THREE-TUBE GENERAL COVERAGE
AND BAND-SPREAD SUPERHET

A superhet type receiver can be constructed
almost as simply as a regenerative detector
set, but is of course capable of a much higher
order of performance especially on the lower
frequencies where image response is not seri-
ous. An example of such a receiver is given in
Figs. 806-810. The circuit uses a minimum
number of tubes for good performance, and
gives continuous frequency coverage from
about 75 ke. (4000 meters) to 60 Mec. (5
meters). Provision is made for spreading each
of the amateur bands over most of the tuning
dial The receiver is intended for operation
from either a 6.3-volt transformer or 6-volt
storage battery for filament supply, and a 90-

To Stator Plotes
o ofézate

To Stator

To Ground and
Rotin, Biares of Coand C; 70 C5ond Ra

TOP VIEW OF COIL SOCKET
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% Screenrid
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BOTTOM VIEW
OF TUBE SOCKET
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Fig. 805 — Tube and socket eonnections for the re-
ceiver. All of the coils except No. 5 for metal tubes and
No. 4 for battery tubes are wound as at A; B shows how
coil No. 5 for metal tubes and No. 4 for battery tubes
are wound. All eoils for any one range must be wound
in the same direction. In the!table (p. 110) the values
given in parentheses apply only to the battery-tube
coils, otherwise the values are the same for both types
of tubes.

volt “B” battery for plate supply. It can
therefore be used either as an inexpensive sta-
tion receiver or for portable work when a car
battery is available.

The circuit diagram is given in Fig. 807. A
6K8 is used as a combined oscillator-mixer,
followed by a 6SK7 if. amplifier. The inter-
mediate frequency is 1600 ke., a frequency
which reduces image response on the higher
frequencies and simplifies the design for low-
frequency operation in the region below the
broadcast band. One section of the 6C8G
double triode is used as a second detector and
the other section as a beat-frequency oscilla-
tor. Headphone output is taken from the
plate circuit of the second detector.

To simplify construction and eliminate pad-
ding condensers on each plug-in coil, the an-
tenna circuit is not ganged with the oscillator,
but must be separately tuned to resonance
with the incoming signal if maximum signal
strength is desired. The input tuning control,
C1, may be used as a volume control by de-
tuning from resonance.

The mixer grid circuit, L1C, is tuned to the
signal frequency; Lg is the antenna coupling
coil. The oscillator circuit, L3C2Cs, is tuned 1600
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Fig. 806 — The three-tube superhet, designed for either a.c. or d.c.

heater operation and 90-volt "B™ hattery plate supply.

ke. higher than the signal on frequencies up to
5 Mec.; above 5 Mec. the oscillator is 1600 kc.
lower than the signal to improve stability. The
resonant circuit is in the plate of the oscillator
and a tickler in the grid circuit provides the
feedback for oscillation. Cy is the general cov-
erage or band-setting condenser, C3 the band-
spread or tuning condenser. Cy is a tracking
condenser which sets the oscillator tuning range

on each band so that it coin-
cides with the tuning range in
the mixer grid circuit

Thei.f. stage uses interstage-
type transformers at both 74
and T'g; these are permeability-
tuned units with silvered-mica
fixed padding condensers. The
second detector is cathode-
biased by R4, with Cn a by-
pass for audio frequencies. The
plate by-pass condenser, C)g,
helps cut down high-frequency
response and thus reduces hiss.

The second 6C8G section is
the beat oscillator, using a per-
meability-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
and to cut down the output of
the oscillator to a value suit-
able for good heterodyning. No
special coupling is needed between the beat os-
cillator and the second detector; there is enough
stray coupling between the two sections of the
tube to introduce the beat frequency into the
detector circuit.

The plates and screens of all tubes except the
beat oscillator are operated at the same volt-
age — 90 volts. The “B” current drain is ap-
proximately 15 milliamperes, which is about

q
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Cg — 0.002-4fd. mica.

C7 — 250-upfd. mica.

Cs — 0.002-xfd. mica.

Cs, C10 — 0.01-ufd. paper.

C11 — 5-ufd. electrolytic, 50-volt.

©.3V.

Fig. 807 — The three-tuhe superhet wiring diagram.
Cj1 — 140-gufd. variahle (Hammarlund MC-140-M).
Ca — 100-upfd. variable (Hammarlund MC-100-M).
C3 — 35-uufd. variahle (Hammarlund HF-35).

Cc —- Qascillator padder; see coil table.

— 0.1.ufd. paper.
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Ciz, C13 — 0.002-4fd. mica.
Ri — 50,000 ohms, 15-watt.
Rs, Rs — 250 ohms, 14-watt.
R4 — 12,000 ohms, Y4-watt.
Rs — 50,000 ohms, 14-watt.

Ty, Tz — 1600-ke. permeability-tuned i.f. transformer,

interstage typc (Sickles 9282).

Ts — 1600-kc. heat oscillator transformer (Sickles 9127).
L, Ls, La, L« — See coil table.

1, S2 — S.p.s.t. toggle switch.

RFC — 2.5-mh, r.f. choke.
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COIL DATA FOR THE THREE-TUBE SUPERHET

Turns
Range Cs
A L2 Ls Ls L3 Tap

A 76154 ke, v vrvn it i 30 mh. 1 mh,

166-860 KCeu s oovonen e ennnvinenannnnnenns 8 mh. 1 mh. 65 12 Top 300 ppfd.

4001500 ke e e, 2.5 mh.* *
B—1.6 to 3.2 Mc. (160).. . 56 10 42 11 Top 75 pufd.
C~3.00 to 5.7 Mc. (80).......... 32 8 27 9 Top 100 pufd.
D—54t0100Mec. (40) . ... ovivininiinirnnnnnin 18 8 22 9 12 0.002 pid.
E—95t018Mc.(20). ... ievninivieniiniannnnn 10 8 12 3% 6 400 uufd.
F—150t030Me. (10)...cveeunnniinevinnrennnn. 6 4 6 215 2% 400 ppfd.
G—30t0B0Me. (B) .. eviveininniiiiiiiaennn 3 3 3% 1 1 300 pufd.

* See Fig. 810 and text for details. C4 is mounted inside oscillator coil form; see Fig. 810. Band-spread taps on L3 measured
from bottom (plus-B end) of coil. La-A and Li-B coils close-wound with No. 22 enamelled wire; L3-B close-wound with No. 20

enamelled; all other grid coils (L1 and L3) wound with No.

18 enamelled, spaced to give & length of 134 inches on a 134~

inch diameter form (Hammarlund SWF) except the G coils, which are spaced to a length of 1inch on 1-inch diameter forms
(Millen 45004 and 45005). Antenna and plate coils, L2 and L4, are close-wound with No. 24 enamelled, spaced about one-
eighth inch from bottoms of grid coils, except for Ls-G, which is interwound with L3,

the normal drain for medium-size ‘B’ bat-
teries. The receiver will operate satisfactorily,
but with somewhat reduced volume, with a
single 45-volt battery for *“B” supply.

The parts arrangement is shown in the pho-
tographs of Figs. 808 and 809. The chassis is
5% by 914 by 114 inches. The panel, made
from a piece of aluminum, is 1024 inches wide
and 6 inches high. The mixer tuning condenser,
C\, is at the right, band-spread tuning conden-
ser C3in the center, controlled by the National
Type A 3l4-inch dial, and the band-set con-
denser, Cy, at the left. The on-off switches for
the “B” supply and the beat oscillator are
mounted on the front edge of the chassis as
shown.

Referring to the top view, Fig. 808, the i.f.
section is along the rear edge, with 71 at the
right. Next is the socket for the 6SK7, then T’y
and finally T3 at the extreme left. The socket
for the 6C8G is just in front of T'3. The triode
section with the grid brought out to
the top cap is used for the beat os-
cillator.

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 6X8, 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,
Rj, and the high-frequency cathode
by-pass condenser, Cg, should be
mounted directly on the socket before
it is installed. So also should the os-

cillator grid condenser, C7, which can

Fig. 808 — A plan view of the three-tube superhet with the coils
and tubes removed.

be seen extending to the left toward the oscil-
lator coil socket in Fig. 808. Power supply con-
nections should be soldered to the 6X8 socket
prongs before the socket is mounted, and these
leads brought down through a hole in the
chasgsis.

C; and Ca2 are mounted directly on the
chassis. Cj is held from the panel by means of
a small bracket made from metal strip, bent so
that the condenser shaft lines up with the dial
coupling. A shield made of aluminum separates
the oscillator and mixer sections; this shield
is essential to prevent coupling between the
two circuits which might otherwise cause inter-
action and poor performance.

The first step in. putting the receiver into
operation is to align the i.f. amplifier. This
should preferably be done with the aid of a test
oscillator, but if one is not available the circuits
may be aligned on hiss or noise. The beat oscil-
lator can also be used to furnish a signal for
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Fig. 809 — Below the chassis of the three-tube receiver. The r.f.
choke is mounted near the oscillator coil socket to keep the r.f. leads
short, In the i.f. stage, care should be taken to keep the plate and
grid leads from the i.f. transformer short and well separated. A four-
wire cable is used for power supply connections. The *phone tip jacks

arc in the upper right corner.

alignment. Further information on alignment
may be found in Chapter 9.

The coils are wound as shown in Fig. 810.
A complete set of specifications is given in the
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 kec.,
readily available r.f. chokes are used for the
tuned circuits. For the broadcast band and
the 600-750-meter ship-to-shore channels, the
mixer coil is a Hammarlund 2.5-mbh. r.f. 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
from the grid pin in the coil form to be fastened
to either lead as desired. Mixer coils for the
two lowest-frequency ranges are constructed as
shown. The antenna winding in each case is a
coil taken from an old 465-ke. i.f. transformer,
having an inductance of about 1 millihenry.
The inductance is not particularly critical, and
a piefrom a 2.5-mh. choke may be used instead.

With the i.f. aligned, the detector and oscil-
lator coils for a band can be plugged in. C;
should be set near minimum and C3 tuned from
minimum until a signal is heard. Then C; is
adjusted for maximum signal strength. If C»
is set at the high-frequency end of an amateur
band, further tuning should be done with Cs,
and the band should be found to cover about
75 per cent of the dial. C; can of course be used
for band-spread tuning outside the amateur
bands. It is convenient to calibrate the re-
ceiver, using home-made paper scales for the

1 16 CHAPTER EIGHT

purpose as shown in Fig. 806. Cali-

bration points may be taken from
incoming signals of known fre-
quency, from a calibrated test os-
cillator, or from harmonics of a
100-ke. 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 fre-
quency. 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 tun-
ing range is such that with Cs set
at 1500 ke. the entire band will be
covered on C3. It is necessary, how-
ever, to change the tap on the
mixer coil to make the antenna
circuit cover the entire band. Only
one oscillator coil is needed for the
complete range from 75 to 1500
ke., because of the rather high in-
termediate frequency, but a series
of coils is needed to cover the same range in the
mixer circuit.

The sensitivity of the receiver on 56 Mec. is

OSCILLATOR MIXER

0OSC. PLATE
TOP OF SOCKET VIEWS

1500-400 Kc. 166-360 Kc.
76-154 Ke.

LOW-FREQUENCY MIXER COILS

Fig. 810 — How the coils for the three-tube superhet
are constructed. On the hand-wound coils, all windings
are in the same direction.
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6.3V,

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.

Adding an Audio Stage to the Three-Tube
Superhet

Very frequently the builder of a small re-
ceiver 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.
812. There is ample chassis space for installa-
tion of the additional tube. Figs. 811 and 813
show how the receiver looks when completed.

For the purpose of driving the audio stage,
resistance coupling is used from the plate of the
second detector to the grid of the 6F6. A vol-
ume control is used for the grid resistor of the
6F6, and a jack installed in the second detector
plate circuit so that a headphone plug may be
inserted. The volume control, R+, should be the
midget type so that it will fit in the chassis,
and is installed with its control pro~
jecting under the tuning dial. In the
bottom view, Fig. 813, the 6F6 socket
isin the upper left corner, along with
the cathode resistor and by-pass con-
denser, Eg and C15. The coupling con-
denser, C14, and plate resistor, Rg, 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 connec-
tion cable is used to provide an extra
lead for the purpose. The first three
tubes may be operated from a “B”
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 connection

Construction of Receivers

Fig. 812 — Pentode audio am-
plifier for the three-tube superhet.
Except as noted below, compo-
nents corrcspond to those bearing

_similar numbers in Fig. 807,
Ci14 — 0.1-xfd. paper
C15—25-ufd. electrolytic, 50-volt
Res — 120,000 ohms, 14-watt
R7—500,000-0hm volume control
Rs — 400 ohms, 1-watt
J — Closed-circuit jack

=250+

be regulated by a VR-105-30 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 closed is likely to damage the
screen. Any speaker having a transformer with
primary impedance of 7000 ohms will be satis-
factory; a permanent-magnet dynamic is con-
venient 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.

® A REGENERATIVE SINGLE-SIGNAL
RECEIVER

An inexpensive amateur-band receiver of
relatively simple construction, using i.f. re-
generation for single-signal reception, is shown
in Fig. 814. Fig. 815 gives the circuit diagram.
Regeneration is used in the mixer circuit to
improve the signal-to-image ratio and to give
added gain,

The mixer, a 6SA7, is coupled to the antenna
and is separately excited by a 6J5 oscillator.
There is a single 460-ke. i.f. stage, using a

cable. For best performance, the
output voltage of such a tap should

Fig. 811 — The audio a;npliﬁer tube installed on the chassis of
the three-tube receiver.
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Fig. 813 — Additional parts for the audio output stage can read-

ily be identified in this sub-chassis view of the receiver.

6SK7 and permeability-tuned transformers.
The second detector and first audio amplifier
is a 68Q7 and the audio output tube for loud-
speaker operation is a 6F6. The separate beat
oscillator circuit uses a 6C5. A VR-105 voltage
regulator tube is used to stabilize the plate
voltage on the oscillators and the screen volt-
age on the mixer and i.f. tubes.

To make construction easy and to avoid the
necessity for additional trimmer condensers
on each coil, the mixer and high-frequency os-
cillator circuits are separately tuned. Main
tuning is by the oscillator band-spread con-
denser, C3, which is operated by the calibrated
dial. C2is the oscillator band-setting condenser.
The mixer circuit is tuned by C1, and regenera-
tion in this circuit is controlled by Ris, con-
nected across the mixer tickler coil, Ls.

Rig is the i.f. amplifier gain control,
which also serves as an i.f. regenera-
tion control when this stage is made
regenerative. Cy5 is the regeneration
condenser; it is adjusted to feed back
a small amount of i.f. energy from the
plate to the grid of the 6SK7and thus
produce oscillation. If the high selec-
tivity afforded by i.f. regeneration is
not wanted, C15 may be omitted.

Diode rectification is used in the
second detector circuit. One of the
two diode plates in the 6SQ7 is used
for developing a.v.c. voltage, being
coupled through Ci2 to the detector
diode. The detector load resistor con-
sists of R5 and Ry in series, the tap
being used foc r.f. filtering of the
audio output to the triode section of
the tube. R;3is the a.v.c. load resist-
or; Ry, Cy4 and Ci2 constitute the
a.v.c. filter circuit. Se cuts the a.v.c.
out of circuit by grounding the recti-
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fier output. The headphones connect

in the plate circuit of the triode sec-
tion of the 68SQ7; Ri7 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, Cj, is at the front
center; at the left is C;, the mixer
tuning condenser; and at the right,
Cs, the oscillator band-set condenser.
The oscillator tube is directly behind
C3, with the mixer tube to the left on
the other side of a baffle shield which
separates the two r.f. sections. This
shield, measuring 414 by 414 inches,
is used to prevent coupling between
oscillator and mixer. The mixer coil
socket is at the left edge of the chassis
behind C;; the oscillator coil socket is be-
tween Cy and Cs.

The i.f. and audio sections are along the rear
edge of the chassis. The transformer in the
rear left corner is Th; next to it is the i.f.
tube, then T Next in line is the 68Q7, fol-
lowed by the 6C5 beat oscillator, the b.o.
transformer, T3 and finally the 6F6. The VR-
105 is just in front of T's. The i.f. transformers
should be mounted with their adjusting screws
projecting to the rear where they are easily
accessible.

The controls along the bottom edge of the
panel are, from left to right, the mixer regen-
eration control, Ri5, the i.f. gain control, Ry,
the audio volume control, B,7, and the beat-
oscillator vernier condenser, Cq;. The latter has

Fig. 814 — A T-tube superhet using regeneration to give single-
signal reception and improve image ratio. The dial (National ANC)
may be directly calibrated for each amateur band.



the corner of one rotary plate bent over
so that when the condenser plates are
fully meshed the condenser is short-
circuited, 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 ca-
pacity 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 i.f. amplifier, keep the
grid and plate leads from the i.f.
transformers fairly close to the chassis
and well separated. Without C)5, the
i.f. stage should be perfectly stable
and should show no tendency to os-

Construction of Receivers

Fig. 816 — Top view of the 7-tube superhet without coils in
place. Placement of parts is discussed in the text.

cillate at full gain.

The method of winding the coils is shown in
Fig, 818 and complete specifications are given
in the coil table. Ticklers (Lj3) for the mixer

circuit are scramble-wound to a diameter
which will fit readily inside the coil form and
mounted on stiff leads going directly to the

6sQ7

R
84
000004 = R
4
R
) 14
VR-105 s
All Hirs. 1
‘ I l CZII
-250 + - =

Fig. 815 — Circuit diagram of the regenerative superhet.

Ci,
Cs — 35-upfd.
UM.

Cz — 50-uufd. variable (Ham-
marlund MC.50-S).

variable (National

C4 — 50-pufd. mica.

Cs, Cs, C7, Ce—0.1-ufd. paper,
600-volt.

Co, Cio, Cn1, C1za — 0.01-nfd. paper,
600-volt.

Cis, Cie — 0.005-ufd. mica.

Cis — 3-30-ppfd.  trimmer
tional M-30); see text.

Cie — 250.uufd. mica.

Ci7y Cas, C22 — 100-ppfd. mica.

Cigy G20 — 25-pfd. electrolytic, 50-
volt.

(Na-

Ca1 — 25-pufd. variable (Hammar.
lund SM.25)

Ri1 — 200 ohms, }4-watt.

R2 — 20,000 ohms, 34-watt,

Ra, R4, Rs — 50,000 ohms, 34-watt,

Re — 300 ohms, 4.watt.

R7 — 0.2 megohm, Y4-watt.

Rs — 2000 ohms, }4-watt.

R¢ — 1 megohm, l4-watt.

Rio — 0.1 megohm, Y4-watt.

Ri1 — 0.5 megohm, Y5-watt.

Riz — 450 ohms, 1-watt.

Rz — 75,000 ohms, 1-watt.

Ria — 50?)? ohms, 10-watt adjust-
able.

Ris — 10,000-0bm volume control.
Ris — 25,000-ohm volume control.

Ri7 — 2-megohm volume control.

Ris — 2-megohms, 34-watt.

Ty — 460-kc.  permeability-tuned
if. transformer, interstage
type (Millen 64456).

T2 — 460-kc.  permeability-tuned
if. transformer, diode type
(Millen 64454).

Ts — 460-kc. beat-oscillator trans-
former (Millen 65456).

RFC — 2.5-mh, r.f. choke.

J — Closed-cirenit jack.

S1, Sa — S.p.s.t. toggle.

Li-Ls, inc. — See coil table.,

X lndu:atel jumper inside YR-105

base.
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Fig. 817 — The below-chassis wiring is shown in this view of the
T-tube recciver.

proper pins in the form. The leads should be
long enough to bring the coils inside the grid
winding at the bottom. The amount of feed-
back is regulated by bending the tickler coil
with respect to the grid coil. Maximum feed-
back is secured with the two coils coaxial, mini-
mum when the tickler axis is at right angles
to the axis of Lj. The position of L3 should be
adjusted so that the mixer goes into oscillation
with Rjsset at 14 to 34 maximum resistance.

The oscillator circuit has been adjusted to
make the proper value of rectified grid current
flow in the 6SA7 injection grid (No. 1) circuit
on each amateur band. This calls for a fairly
strong feedback, with the result that if the
band-set condenser is set toward the high-
frequency end of its range the oscillator may
““squeg.” This is of no consequence unless the
receiver is to be used for listening outside the
amateur bands, in which case it may be cor-
rected by taking a few turns off the tickler
coil, Ls, but at some sacrifice of conversion
efficiency in the amateur band for which the
coil was designed.

The if. amplifier can be aligned most con-
veniently with the aid of a modulated test oscil-
lator. First alignment should be made with Cys
disconnected so that the performance of the
amplifier non-regenerative can be checked.
A headset or loud speaker can be used as an
output indicator. The mixer and oscillator
coils should be out of their sockets, and R;s
should be set at zero resistance.

Connect the test oscillator output across C1,
which should be set at minimum capacity. Ad-
just the test oscillator frequency to 460 ke.
and, using a modulated signal, adjust the
trimmers on T; and T3 for maximum volume.
Ry should be set for maximum gain, and the
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beat oscillator should he off, As
the circuits are brought into line,
reduce the oscillator output to keep
from overloading any of the ampli-
fiers, 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,
Cy, at approximately the right ca-
pacity; with the coil specifications
given, the proportion of total Cj
capacity on each band will be about
as follows: 1.75 Mec., 90 per cent;
3.5 Me., 75 per cent; 7 Mec., 95 per
cent; 14 Mc., 90 per cent; 28 Me,,
45 per cent. Set the mixer regenera-
tion control, Rs, for minimum re-
generation — no resistance in cir-
cuit. Connect an antenna. Switch
the beat oscillator on by turning
Cy out of the maximum position,
and adjust the screw on T's until the character-
istic beat-oscillator hiss is heard.

Now tune C; slowly over its scale, starting
from maximum capacity. Using the 7-Mec.
coils as an example, when C) is at about half
scale there should be a definite increase in
noise and in the strength of the signals which
may be heard. Continue on past this point
until a second peak is reached on Ch; at this
peak the input circuit is tuned to the frequency
which represents an image in normal reception.
The oscillator in the receiver is designed to
work on the high-freqeuncy side of the incom-
ing signal, so that C; always should be tuned to
the peak which occurs with most capacity.

After the signal peak on C) has been identi-
fied, tune C3 over its whole range, following
with C; to keep the mixer circuit in tune, to
see how the band fits the dial. With Cy prop-
erly set, the band edges should fall the same
number of main dial divisions from 0 and 100;
if the band runs off the low-frequency edge,
less capacity is needed at C,, while the con-
verse is true if the band runs off the high edge.
Once the band is properly centered on the dial,
the panel may be marked at the appropriate
point so that Cy; may be reset readily when
changing bands.

To check the operation of the mixer regener-
ation, tune in a signal on Cj, adjust C; for
maximum volume, and slowly advance the
regeneration control, Rjs5. As the resistance
increases retune C; to maximum, since the
regeneration control will have some effect on
the mixer tuning. As regeneration is increased,
signals and noise will both become louder and
Cy will tune more sharply. Finally the mixer
circuit, will break into oscillation when, with C
right at resonance, a loud carrier will be heard



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 Ri; set at half to three-
quarters 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 Ri; 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 Lz with
respect to L1. If the coil happens to be “poled”
incorrectly, the circuit will not oscillate. This
can be cured by rotating Lz through 180 de-
grees. 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 i.f. regeneration may be added.
Install Cy5, taking out the adjusting serew and
bending the movable plate to make an angle
of about 45 degrees with the fixed plate. Re-
align the i.f. As the circuits are tuned to reso-
nance the amplifier will oscillate, and each time
this happens the gain control, Ry, should be
backed off until oscillations cease. Adjust the
trimmers to give maximum output with the
lowest setting of Ris. At peak regeneration the

MIXER OSCILLATOR

TOP OF SOCKET VIEWS

Fig. 818 — Coil and socket connections for the 7-tube
superhet,
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COIL TABLE

Wire
Band Coil Size Turns Length Tap
1.75 Me. Iy 24 70 Close-wound —
1z 24 15 “ " —
Ls 22 15 —_
La 22 42 Close-wound Top
Ls 24 15 “ N —
3.5 Me. Iy 22 35 “ “ —
La 22 9 “ “ —
Ly 22 12 —
Ly 22 25 1 inch 18
Ls 22 10 Close-wound -
7 Me. Ly 18 20 1 inch —
La 22 5 Close-wound —
Ls 22 9 e —
La 18 14 1 inch 6
Ls 22 6 Close-wound —
14 Me. Ly 18 10 1 inch —
L2 22 5 Close-wound —
La 22 7 —
Ls 18 7 1 inch 2.4
Ls 22 4 Close-wound —
28 Me, Ly 18 4 1 inch —
L2 22 4 Close-wound —
Ls 22 1.5 —
La 18 3.8 1 inch 1.4
Ls 22 2.4 Close-wound —

All coils except Lg are 114 inches in diameter, wound
with enamelled wire on Hammarlund SWF Forms. Spacing
between Ly and L3, and between L4 and Ls, approximately
14 inch. Band-spread taps are measured from bottom
(ground) end of L.

Lg for 28 Mec. is interwound with L1 at the bottom end.
Ls for all other coils is self-supporting, scramble-wound to a
diameter of 3{ inch, mounted inside the coil form near the
bottom of L1.

signal strength should be about the same, de-
spite reduced gain in the amplifier, as without
regeneration at full gain. Too much gain with
regeneration will have an adverse effect on
selectivity.

For single-signal ¢.w. reception, set the beat
oscillator so that when R is advanced to
make the i.f. just go into oscillation the result-
ing tone is the desired beat-note frequency.
Then back off on Rjg to obtain the desired de-
gree of selectivity. Maximum selectivity will be
secured with the i.f. 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 100-ke. oscillator such as de-
seribed in Chapter 17. Ten-ke. points may be
plotted if a 10-ke. multivibrator is available,
but since the tuning is almost linear in each
band a fairly accurate plot will result if each
100-ke. 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 ma. 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 ma. will
be sufficient. (Btb. 2.)
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Fig. 819 — Front view of the converter. The hand-
spread knob is at the center with the band-set and de-
tector tuning condensers to the right and left, respec-
tively. The antenna and on-off switches are to the left
and right at the hottom of the panel.

® A ONE-TUBE CONVERTER

Rather than building a complete receiver,
some amateurs prefer to use a ‘“converter”
conjunction with an ordinary broadcast re-
ceiver, The converter is simply a superhet
mixer and oscillator with its output circuit ar-
ranged 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 con-
verter also is useful with a regular communica-
tions receiver which has a low-frequency (460
ke. or lower) i.f., because the converter output
frequency may be made considerably higher —
of the order of 1600 ke. — with a consequent
improvement in image ratio on the higher-
frequency amateur bands such as 14 and 28 Me.
A single-tube converter for this type of opera-
tion is shown in Figs. 819-824 inclusive.

Fig. 820 shows the circuit diagram of the con-
verter. A 6K8 functions as the mixer-oscillator
tube. Ly and Cy form the mixer tuned circuit
and LyC2Cs, the oscillator portion of the 6K8.
C3 may be tapped across the coil for band-

spread to suit the individual’s choice; the taps
suggested in the coil chart give approximately
90-division spread with the dial used. A sepa-
rate tickler winding provides feed-back for the
oscillator. T is the output transformer.

Nearly all the parts are mounted on an 814
by 43{ by 1Y4-inch chassis. Those remaining,
C1, 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 com-
ponents when mounted. Cs is elevated above
the chassis by metal pillars which allow the
condenser shaft and assembly to be properly
aligned. To insure short r.f. 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 114 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

70 Ant.Coil

70 Output Trans.

Fig.821 — The converter antenna switch wiring diagram.

chassis should be mounted before the panel
is attached. Bach 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.

Fig. 820 — Wiring diagram of the
single-tubc converter. 4 Ty

Ci, C2 — 100-4ufd. midget variable K
(Millen 20100). 1¢ i

C3 — 35-pufd. midget variable L -™ \Output
(Millen 20035). M

84. Cso—o 0. If-éd'd.. 400-lvolt. ( =8

8 — 0.01-uid., 400-volt. To Swz),

Rt — 300 ohms, 14-watt. A”t'og =

Rz — 50,000 ohms, Y5-watt.

Rs — 20,000 ohms, 10-watt.

Swy — S. p.s.t. switch. Sw,

Swz — 4-pole douhle-throw switch (Yaxley 3242]).
T1 — OQutput transformer (Miller 512 WT).
Dial assembly (Millen 10011).
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Construction of Receivers

Fig. 821 shows how Sws is wired.
This switch shifts the antenna from
the converter to the receiver.

Coils Ly and Lg are wound on
l-inch diameter forms with the as-
sociated antenna and tickler coils
wound approximately 34 inch be-
low the main windings. Fig. 824
shows the construction. The spac-~
ing between windings is not tooim-
portant and in the case of the
1.75-Me. mixer coil will have to be
slightly less than suggested, be-
cause the form will not handle all
of the turns otherwise.

A 200-250-volt receiver power
supply may be used with the con-
verter., The heater requirements
are 6.3 volts at 0.3 amperes. It is
also possible to tie into the b.c. or
communication receiver supply if
it is capable of standing the extra 10 or 12
ma. “B” drain that the 6K8 will impose upon
it. A portable supply consists of a 6-volt stor-
age battery and two or three 45-volt “B”
blocks. For automobile operation it is assumed
that the car battery and b.c. receiver supply
will be employed.

The unit may be tested after the chosen
power supply has been connected. The antenna
and converter output leads are connected in
place first. Power is then applied and the re-
ceiver turned on. The band-setting condenser,
Cy, is set at half scale and the receiver is tuned
to a frequency between 1400-1600 ke. The

Fig. 823 — Bottom view of the converter. Only a few components
are below the chassis.

noise level as heard in the receiver output may
be used as a tuning indicator with which to
peak up the converter output circuit. The
transformer is tuned with an insulated screw-
driver.and proper peaking will be indicated by
an increase in noise.

The oscillator band-spread condenser is used
to tune in signals after a band has once been
located on the band-set condenser. The mixer
circuit tuning is quite broad and, as a result,
it is not necessary to reset C) each time the
oscillator circuit is tuned. During the prelimi-
nary adjustments the condenser may be left
at half scale unless the noise level is sufficiently
low to warrant peaking to the high-

Ty

est 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 low-
frequency end of an amateur band
comes with C; adjusted to approxi-
mately half scale. The band-spread
condenser, Cs3, 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 con-
denser to higher or lower capacity
values. .

In using the converter with a broad-
cast receiver some provision to attain

Fig. 822 — Top view of the converter. L1 and Lz are to the right
and left of the 6K8. The output transformer stands at the left. The
power-cable output leads and antenna terminals may be seen along

the rear wall of the chagsis.

the effect of a beat oscillator must be
made for c.w. reception. This may be
done by setting the receiver or if.
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

D
TICKLER §c. L
i o"ﬁl ’

C [}

70 Osc.
Piote (Fz)
?
7o C, 70 Stator.
ond Ry OF  ADF—"nutesof G
Oc¢ BO
Tap on 70 Gnd. and rotor
Ly’ plotes C2,Cy

TOP VIEW OF COIL SOCKET ~ BOTTOM VIEW OF TUBE SOCKET
Fig. 824 — Socket and coil-form pin arrangement
for the converter coils.

end of the coil for less spread, or toward the
ground end for more. (Btb. 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 ¢.w. reception, as men-
tioned in the previous section. The most satis-
factory way to get such a beat frequency is by
means of a beat-oscillator unit. The beat oscil-
lator 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 R;.
C) is the plate by-pass condenser. The grid leak
and condenser are included in the transformer.
An adjustable condenser shown on the dia-
gram at the right of the coil is used to set the
oscillator frequency to the receiver intermedi-
ate frequency; the condenser at the left of the
coil is the b.f.o. control. Cq, the coupling con~
denser, is the capacity existing between the
shielded output lead and the receiver i.f. or
second detector circuit. The lead is not con-
nected to either of these stages but is simply
placed near enough to the transformer or tube
socket for sufficient coupling.

A chassis measuring 334 by 214 by 1Y4
inches, bent from a piece of 1/16-inch alumi-
nuim, is used as the base. The tube and trans-
former 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 kec. so
that an oscillator transformer such as that
specified will be satisfactory in the majority of

CONVERTER COIL DATA

Antenna Band-Spread
Band Coil Turns Wire Length Coil Tickler Tap *
1.75 Mec. La 65 28 d.s.c. Close-wound 14 turns No.
28 d.s.c.
L2 45 22 enam. Close-wound 15 turns No.
28 d.s.c. 26
3.5 Me. Ly 38 22 enam. Close-wound 7 turns No.
22 enam.
Le 60 28 d.s.c. Close-wound 15 turns No.
- 28 d.a.c. ok
7 Me. L1 21 22 enam. %% in. 5 turns No.
22 enam.,
L2 23 22 enam. Close-wound 5 turns No.
22 enam. 11Y
14 Me. Ia 8 22 enam, 3{ in. 3 turns No,
22 enam.
Lo 7 22 enam. 84 in. 4 turns No. 234
22 enam.
28 Me. La 3 22 enam, 14 in, 2 turns No.
22 enam.
L2 3 22 enam. 4 in. 2 turns No.
22 enam. 1%

All coils wound on 1-inch forms (Millen 45004 for Ly, 45005 for Lz2).
Antenna and tickler coils are close-wound approximately 14 inch below Lj, Le.

* Turns counted off from ground end of coil.

** No band-spread tap; jumper placed between prongs, of coil form.
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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 ke. A 1600-ke. 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 nec-
essary, since the receiver has no intermediate
frequency. The 1600-kc. units usually can be
adjusted as low as 1500 ke. in case the broad-
cast receiver’s range does not extend beyond
the upper-frequency limit of the broadecast
band.

Power supply for the beat oscillator may be
taken from the broadecast receiver or from the
converter power supply. The filament require-
ments are 0.3 amp. at 6.3 volts, but the plate
current drain is negligible.

eC5

-8 +B

Fig. 826 — Circuit diagram of the beat frequency
oscillator.,
C1 — 0.014fd., 400-volt.
Cg — See text.
K1 =~ 50,000 ohms, 15-watt.
T1 -— 456 beat oscillator transformer, with grid leak and
condenser (Millen 63456 or 65456).

Construction of Receivers

® A 14- AND 28-MC. PRESELECTOR

A separate preselector unit, consisting of
an r.f. amplifier which may be inserted be-
tween the antenna and receiver, is an ex-
tremely useful device. Its use is especially
beneficial on the 14- and 28-Mec. bands where
image response becomes bothersome with
superhet receivers using intermediate frequen-
cies of the order of 455 ke., 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, C; and Cy, 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 L-
shaped shield partition separates the grid cir-
cuit 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 me-
chanically connected together, and to the shaft
bearing on the front panel, by flexible cou-
plings. The antenna binding posts and the
cords for power and r.f. 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, Cs, 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-Mec. pre-
selector. The padder condensers are mounted inside

the coil forms.

11

Antc.,—B[
og___ 2

6.3V, ~-B +

Fig. 829 — Circuit diagram of the preselector.
(1, C2 — 15-ppfd. midget variable (National UM.15).
Cs, C¢—3-30-uufd. isolantite-insulated mica padder
(National M-30).
Cs — 0.002-4fd. mica.
Cs, C7, Cs — 0.01-4fd. paper, 400-volt.
Ri1 — 150 ohms, Y-watt.
Ra — 5000-0hm variable.
Ra — 60,000 ohms, 1-watt.
Li —14 Mec.: 9 turns No. 20, diameter 1Y4 inches,
length 1 inch.
28 Mec.: 4 turns No. 20, diameter 114 inches,
length 1 inch.
L2 — Close-wound at ground end of Ly; 3 turns for 14
Me., 2 turns for 28 Me.
Lz — Same as Li but tapped 3 turns from ground end for
14 Mc. and 1 turn from ground for 28 Me.
L — Same as Lz, on same form as Ls.

pin to project through the socket) to provide
shielding between the grid and plate prongs.
The additional cathode by-pass, Cg, and the
screen by-pass, Cy, also are mounted across
the socket on either side of the mica condenser,
thus providing additional shielding. With the
exception of the ground on C), all r.f. ground
connections are made to one lug on the side
of the ring holding the tube socket to the chas-
sis (the socket is a National CIR). Shielding
about the output leads from Lg is essential to

1 26 CHAPTER EIGHT

prevent unwanted 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 be-
tween the preselector and receiver chassis is
essential for gocd performance.

Because of the high transconductance of the
1852, very little coupling is needed between
input and output circuits to cause self-oscilla-
tion when both circuits are tuned to the same
frequency. The box containing the unit pro-
vides 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 L3 to re-
duce the feedback. The tap should be located
so that the circuit goes into oscillation with the
gain control, Rs, at
about half-scale or less.
The controlled regener-
ation greatly increases
the gain and selectivity,
over that obtainable
without regeneration.

To Ant.Posts
on Recvr

Fig. 830 — Below-chassis view of the preselector.
Note grouping of by-pass condensers about the tuhe
socket to provide sbielding.

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, C4 (C¢ and Cj are mounted inside the
coil forms) for maximum noise, with Ry near



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 Cj, 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 C3
through resonance, until oscillations com-
mence, Back off R to the point just below
oscillation and readjust C3 and C4 for maxi-
mum output. When the lid of the cabinet is
closed the feedback will decrease and Rs must
be advanced more to obtain oscillation. It is
not necessary to work near the critical re-
generation point under normal conditions so
that actual tuning is not critical. The prese-
lector 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
Ry, the plate tap should be moved nearer the
bottom of Lja. If no oscillations take place at
any setting, move the tap toward the plate end
until oscillation starts at about half-scale on
Ro. ’

I'I
‘“—_WT‘_"‘”‘
Feeders RCi C, Recerver
L2 I
Ant.
A
Ant.
f [} g g glﬁ 90 Ant
RCG == Receiver
6nd
in /
= 8)
=
~—2 R Ant.
Feeders L E @ Receiver
-~ Ant.
S
©

Fig. 831 — Three types of circuits for coupling
antenna to receiver. 4, balanced pi-section network; B,
single-ended pi-section network; C, tuned circuit with
taps for matching impedances.

C1 — 150-uufd. variable.

C2 — 100-uufd. variable.

Ca — 50-uufd. variable or larger.

L1, Ls, Ls — 25 turns No. 26, spaced to occupy 1-inch
length on l-inch diameter form; tapped at
2nd, S.th, 9th, and 15th turns.

— Pr{))po(riuoncd to resonate with Ga in the desired

and.

Ls — 3 or 4 turns wound on Ly; see text.

Construction of Receivers

The improvement in gain and reduction of
image response will depend upon the amount of
regeneration used. With average-strength sig-
nals 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 Mec. Used with the aver-
age receiver having one r.f. stage ahead of the
mixer, this means that the overall image ratio
will be of the order of 5000 on 14 Mec. and 400
or 500 on 28 Mec. The voltage gain is about
100 under the same conditions. Greater selec-
tivity 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, de-
signed 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, ap-
plicable to antenna systems using two-wire
feeders. Specifications suitable, for average
conditions are given. The taps on L; and Ly are
varied simultaneously so that the same in-
ductance is in use in each branch, with trial
settings of C; and C? 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 Ly
should be constructed so that the turns readily
may be tapped. The pickup coil, Ls, may con-
sist of three or four turns wound around the
center of Ly, for the usual receiver having ap-
proximately 500-ohm input impedance. The
feeder taps on L4 should be adjusted for maxi-
mum signal strength when Cj is tuned to res-
onance. In case a single-wire antenna is used,
Lgshould be coupled to the bottom of Ly, which
in turn is connected to ground. The antenna is
tapped on L4 at the point giving maximum
signal as before.
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Tuning and Adjusting
Receivers

Getting the Most out of Receivers — Alignment —
Tuning with Crystal Filters

THERE are four types of receivers used at the
present time: the regenerative, the straight
superheterodyne, the single-signal superhete-
rodyne 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 trade-
mark 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 stages or other causes, and a new set of
tubes will not correct the condition.

® TEST EQUIPMENT

Contrary to popular opinion, it is not neces-
sary 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-

™ AVC. ¥

Fig. 901 — Voltage measurements on a typical stage
of r.f. or i.f. amplification. The negative terminal of the
voltmeter is connected to the chassis (ground) and the
positive terminal placed at B will give the grid bias due
to the cathode resistor, touched at C will chow the plate
voltage (minus the grid voltage) and at D will show the
screen voltage (minus the grid voltage). A high-resist-
ance voltmeter between 4 (minus) and ground will give
an indication of the voltage developed by the a.v.c.
but will read low.
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tions are rare where more than a 1000-ohms-
per-volt voltmeter will be required to check a
receiver, although an ohmmeter is a handy
addition to the meter. A test oscillator, par-
ticularly if it is calibrated, is a useful adjunct
to the station, but the station’s frequency
standard will often serve instead.

Measuring voliages is a simple matter if a
high-resistance (1000-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. Cathode
(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
sereen. 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 method
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 (par-
ticularly 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 contrels on a regenera-
tive receiver, the tuning control and the re-
generation control. As their names imply, they
control the tuning or frequency and the
amount of regeneration. In most cases, the re-
generation control has to be changed slightly
as the tuning control is changed, making the
receiver essentially a two-control affair requir-
ing both hands for adjustment.



Tuning and Adjusting Receivers

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 ‘“superregenerat-
ing” or “squegging.” The use of this condition
is explained in Chapter Twenty-nine — it is
not used in c.w. reception. Sometimes the re-
ceiver 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 re-
generative 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 con-
trol is backed off, smoothly break out of the
hiss condition. The going in and out of oscilla-
tion (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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Fig. 902 — As the tuning dial of a receiver is turned
past a c.w. signal, the beat note varies from a high one
down through “zero beat” and back up to a high one,
as showu at 4, B and C. The curve is a graphical repre-
sentation of the action. The beat exists past 8000 or
10,000 cycles but usually is not heard because of the
limitations of the audio system 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 ob-
tained 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 anr.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 r.f. stage the blocking condition
can only be eliminated by advancing the re-
generation control orloosening the antenna cou-
pling(inreceivers where the couplingis variable).

Because a signal is obtained on either side
of zero beat, two signals near the same fre-
quency 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 con-
tinued practice will enable him to separate
signals on the regenerative receiver that at first
seemed hopelessly jammed.

The point just after the receiver starts oscil-
lating is the most sensitive condition of the re-
ceiver and should be used for listening to weak
c.w. signals — further advancing of the re-
generation 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 modu-
lation 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 re-
ceiver in the weakly oscillating condition (at
the point where the hiss starts) and first lo-
cate the carrier by the whistle or beat. The
regeneration control is then backed off until
the whistle disappears.

R.F. Stage
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
condenser or trimmer (if the controls are
ganged) for maximum signal or, if no signal is
available, by the setting that requires the
minimum setting of the regeneration control
for oscillation. The gain control of the r.f.
stage is used to reduce the signal at the detec-
tor — detuning the r.f. 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.

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 pres-
ent 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 sensi-
tivity. If an r.f. stage is used, the one megohm
value will be satisfactory, but a value of two
to five megohms will be preferable if no r.f.
stage is included in the receiver. Low values
of grid leak make the detector less sensitive
but capable of handling larger signals without
overloading.

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 cor-
rect 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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Hum

It may be found that the regenerative de-
tector will hum badly at the point of oscilla-
tion, 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 con-
nection. The 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 0.01-xfd. condenser; or
both sides can be by-passed to ground and
the center-tap of the heater winding connected
to ground.

Body Capacity

Occasionally it will be found that a regen-
erative 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.f.
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 ca-
pacity.

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 dia-
gram and by means of a voltmeter to see that
all the tube-element voltages-to-ground are
approximately what they should be. A con-
tinuity-checker, which can be simply a high-
range 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.

If the wiring is checked satisfactorily and the
detector cannot be made to oscillate, it indi-
cates 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

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 re-
ception by a receiver with high selectivity in
i.f. amplifier.

As explained in Chapter Four, the high se-
lectivity necessary for single-signal reception
is obtained by either a regenerative i.f. ampli-
fier 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 con-
sidered a single-control receiver. Some
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Fig. 903 — The two common types of oecillator cir-
cuits uwsed in receivers 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 r.f. 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 & bad one, that there is not enough capacity
in the tuned circuit, or that the plate voltage
is too high. A high L/C ratio in the tuned
circuit will give maximum sensitivity and a low
L/C 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

homemade superheterodynes separate
the high-frequency-oscillator control
and the signal-circuit control, to eliminate
tracking difficulties, and this makes the re-
ceiver a two-control affair. However, the signal-
circuit tuning is not too critical, unless regen-
eration 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 hlgh-frequency
oscillator by peaking it on the noise.

’Phone

For ’'phone reception, the b.f.0. (beat-
frequency 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 r.f. gain control is normally
turned up to maximum and the audio-volume
control adjusted for a comfortable level. The
a.v.c. takes ecare 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 intelligi-
bility 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 prevent-
ing 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 sig-
nal. If a crystal filter is available in the re-
ceiver, it can be used to eliminate this ‘“het-
erodyne” by turning it on and adjusting the

“phasing” control until the undesired 51gnal
is eliminated or attenuated as much as possi-
ble. A slight adjustment of the tuning control
may be necessary at the same time. Because
of the increased selectivity introduced by the
erystal filter, the fidelity of the signal will not
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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 recep-
tion of weak signals by reducing the noise
passed by the i.f. 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.

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 maxi-
mum 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 b.f.o.
is then turned on and its frequency adjusted
for the desired pitch of the signal. Most opera-
tors 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, ¢.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 r.f. 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 back-
ground noise will tend to paralyze the ears and
will prevent the reception of weak signals.
Strong signals will sound better if the r.f.
gain is backed off enough to prevent any tend-
ency towards overloading throughout the set.

Interference can be dodged in much the
same way a8 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 be-
cause 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 sep-
arate two signals that are quite close together
gimply by concentrating on the desired one.

Single-Signal Reception

If a crystal filter is incorporated in the re-
ceiver, much more satisfactory ¢.w. reception
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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 prop-
erly-adjusted crystal filter makes a superhet-
erodyne many times more sensitive than it
could be without the filter. When the filter
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Fig. 904 — A graphical illustration of how the single-
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 thin line, The point of inaudibility
is the point corresponding to the “rejection slot’ of the
erystal.

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 band-
width has., Since the c.w. signal consists of
energy on but one frequency, a wide band-
width 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 se-
vere, but it should be left in the circuit for all
c.w. reception. This is an important point —
the selectivity of the crystal makes it easy to
lose the signal at the instant the crystal is
switched in. Operale with the crystal in at all
times.

The adjustment of the crystal filter is sim-
plicity itself. With the b.f.o. and a.v.c. off and
the crystal switched in, the ‘“band-width” or
“gelectivity”’ control of the filter is turned

»
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to the setting normally used for ¢.w. reception.
In the case of receivers with “full-range selec-
tivity ”” this will be one or two points back from
the shurpest setting or, with the older-type fil-
ters, the point of maximum ‘“hiss” noise. A
signal is then tuned in and peaked, and then
the b.f.o. is turned on and adjusted for the de-
sired 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 single-
signal 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 elim-
inating one side of zero beat, the amateur band
being tuned is effectively 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-ke.
crystal filter will normally be used in its
broadest position for c.w. work, while the
1600-ke. crystal filter, which is not capable of
as much selectivity, will normally be used at
its sharpest setting. In any case, the adjust-
ment of the selectivity control which gives the
least noise is the sharpest position, but this can
be too sharp with a 450-ke. crystal and is not
normally used.

Some commercial receivers have no band-
width 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 regenerative i.f. amplifier is used to ob-
tain single-signal reception, the amplifier
regeneration control is advanced until the
amplifier breaks into oscillation and is then
backed off just to the point where the ampli-
fier 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 selectiv-
ity of the regenerative if. 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 single-
signal superheterodyne is an excellent invest-

ment that will pay dividends under severe
interference conditions. Until one is thor-
oughly familiar with the adjustment of the
crystal filter, it is most convenient first to
adjust it by listening to a commercial trans-
mitter sending continuously outside one of
the amateur bands, or a signal from the fre-
quency meter can be used. The important
thing to remember in single-signal reception is
that the b.f.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.

Regenerative Preselectors

Regenerative preselectors are often used to
improve the image ratio of a superheterodyne
which does not, in itself, have sufficient selec-
tivity ahead of the mixer to reject images.
They are most useful on the 14- and 28-Mec.
bands. They have maximum gain at the point
just before they go into oscillation, and this is
also the point of maximum selectivity, How-
ever, they tend to lose selectivity on strong
signals and, for this reason, it is best to operate
them with the regeneration backed off slightly
if a strong signal is near the one being re-
ceived. 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 usually
provided with a separate tuning control. This
control becomes more critical as the regenera-
tion is increased, and it is good practice to
back off the regeneration control until a signal
is tuned in on the receiver, and then the re-
generation can be advanced and the signal
peaked with the preselector.

Alignment of I.F. Amplifiers

Some sort of signal generator is invaluable
in aligning i.f. 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 sig-
nal generator is set to the nominal frequency
of the i.f. amplifier. The lead from the genera-
tor is then clipped on to the grid lead of the
next to the last i.f. amplifier tube and the next
if. transformer is aligned by adjusting the
trimmers. The process is continued, working
back from the second detector, until all of the
if. transformers have been tuned. Tt will be
necessary to decrease the signal from the
generator as more and more of the i.f. amplifier
is used because of the increased gain as more
stages are brought into alignment. The i.f.
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transformer in the plate circuit of the mixer is
adjusted with the i.f. 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 i.f. is being aligned. However, if no tuning
meter of this type is used, the a.v.c. should be
turned off during alignhment, and the ear or
an output meter can be used to show maximum
response.,

If the 1.f. amplifier uses a crvstal 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 align-

ment 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 i.f. amplifier. After the crystal has
been put back in the i.f. amplifier, the trim-
mers should be touched up again, since the
oscillating frequency and the response fre-
quency of the crystal may differ slightly.

Part of the success of a single-signal super-
heterodyne is dependent upon the i.f. 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 b.f.o. trimmer is set so that the fre-
quency of the b.f.o. can be adjusted, by means
of the panel eontrol, 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 i.f. amplifier wide open
and turning the trimmer of the b.f.o. until the
hissing noise of the b.f.0. beating with the
random noise is heard or, if the signal genera-
tor is left on, until a beat is obtained with the
signal from the generator.

Alignment 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
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relatively simple matter 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 high-
frequency 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 high-
frequency end. The tuning dial is then turned
to the point where the low-frequency end
should tune —if it tunes to too low a fre-
quency it shows that too much inductance is
present; if it tunes to too high a frequency
more inductance is required. Slight adjust-
ments 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 eapacity must be added at the low-frequency
end to bring the circuit into resonance, it indi-
cates that more inductance is needed — if less
capacity is needed, it shows that too much
induectance is present.

In a commereial receiver, resetting the trim-
mer 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-fre-
quency 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, and one of these
points might be the amateur band that inter-
ests the operator.

Alignment 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 i.f. 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.



Tuning and Adjusting Receivers

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 Shooting in Superheterodynes

Misalignment of i.f. amplifier can be de-
tected by broadened tuning and lack of
sensitivity. It can be corrected by realignment.

Lf. amplifier off tune with erystal will show
up by peaking a carrier (b.f.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
i.f. amplifier is not tuned to the crystal fre-
quency. Occasionally it will be found possible
to tune in a station sharply at two points 10
ke. or so apart on the dial (with the crystal in)
but only one of these points will give a beat
with the b.f.o. This is caused by a poorly-
aligned if. 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 varia-
tion 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 track
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 r.f. stage should
then be shorted to ground with a 0.01-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 notice-
able on the lower frequencies but should be
apparent even at 14 Mec. and will show up on
an excellent receiver at 28 and 56 Me.

The above troubles apply to hoth commer-
cial and home-made receivers alike — the

following troubles occur when a new home-
made 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 r.f. (and
if.) gain control is advanced to the full posi-
tion. A loud howl will result or the set will
block up. The stage responsible for the oscilla-
tion can be found by starting from the input
of the set and shorting the grid of each tube
to ground by a 0.01-ufd. condenser. When a
tube is reached that stops the effect, the im-
mediate 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 any one 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 oscilla-
tor, and with c.w. reception (evidenced also
by modulation of all signals) it ean be caused
by either an unstable high-frequency oscillator
or an unstable b.f.o. The b.f.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.f. oscillator insta-
bility 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 over-
loading of the mixer. All of these factors
should be checked in looking for the trouble.

Oscillator coupling is an important factor in
the home-made receiver and should never be
left to chance. If the oscillator is capacity-
coupled to the mixer, reducing the value of
the coupling condenser will reduce the cou-
pling. 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 sensi-
tivity, 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.f.o. voltage is sometimes a dis-
advantage during weak-signal reception. It
can be cut down by reducing the coupling or
reducing the d.c. voltage on the b.f.o. Too
little b.f.o. voltage will be apparent by a tend-
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eney for strong signals to “bloek” and “mush”
without giving a solid beat note., Howerver,
reducing the r.f. gain and increasing the audio
gain will give a good signal in this case.

Antenna coupling plays a large part in deter-
mining the image ratfo. With an i.f. of 450 ke.
and one stage of r.f. 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 15-Mec. band broadecasting)
and they are to be expected on 28 Mec. and
higher. Two stages of r.f. should give little or
no image interference on 14 Mec. If only a few
images are noticed, they can be reduced by
loosening the antenna coupling, but the an-
tenna coupling should never be loosened be-
yond the point where signals start to drop off
noticeably. If images occur on 7 Me. and lower
with one stage of r.f.,, it is an indication that
the antenna is too closely coupled, or possibly
the r.f. stage is too closely coupled to the
mixer,

If a regenerative preselector is used, the
antenna coupling should be adjusted so that
the preselector will oscillate with the regenera-
tion 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, how-
ever, 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
go as to short the r.f. but not to disturb the
d.c. voltages.

o SERVICING SUPERHETERODYNES

In addition to the general receiver servicing
suggestions already given, there are a few oth-
ers for troubles peculiar to superhet type re-
ceivers. Generally poor performance, charac-
terized by broad tuning and poor sensitivity,
calls for checking of the circuit tuning and
alignment as previously described. The pro-
cedure is to start with the receiver output
(audio) and work back as mentioned previ-
ously.

In case of oscillation in high-frequency am-
plifier and first detector circuits, as evidenced
by squeals or *““birdies’”’ with varying of their
tuning, look for poor connections in the com-
mon ground circuits, especially to the tuning
condenser rotors. Inadequate or defective by-
pass condensers in cathode, plate and screen-
grid circuits also can cause such oscillation. In

1 36 CHAPTER NINE

gome eases it may be advisable to provide a
baflle shield between the stators of pre-r.f. am-
plifier and first-detector ganged tuning con-
densers, in addition to the usual tube and
inter-stage shielding. A metal tube with an un-
grounded shell will cause this trouble. Im-
proper screen-grid voltage, as might result
with a shorted or too-low screen-grid series re-
sistor, also could be responsible.

Oscillation in the i.f. cireuits, independent, of
high-frequency tuning and indicated by a con-
tinuous squeal when the gain is advanced with
the c.w. beat oscillator on, will result from simi-
lar defects in i.f. 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 ufd., usually
will remedy it. The same applies to screen-grid
by-passes of i.f. tubes.

“Birdies” and “mush” occurring with tun-
ing of the high-frequency oscillator may indi-
cate that it is ‘‘squegging’ or oscillating
simultaneously at high and low frequencies.
This may be caused by a defective tube, too-
high oscillator plate or screen-grid voltage,
excessive feed back in the oscillator circuit or
excessive grid-leak resistance.

Excessive “hiss” may be caused by a defec-~
tive h.f. or i.f. tube, by an open grid circuit,
or by misalignment of high-frequency or i.f.
circuits. It may be helpful in some 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
i.f. 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 ‘““car-
riers” 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 pre-
cautions in shielding and filtering supply leads.
Other ““birdies” which show up in the opera-
tion 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 be-
tween two signals that can be heard at the
same time. Second, with a single-signal re-
ceiver 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.

If a receiver equipped with a.v.c. blocks on
moderately strong signals when the a.v.c. is
supposed to be on, check to make certain that
it 48 in operation. If a separate a.v.c. tube is
used, check to see that it has not burned out or
failed otherwise. If motorboating occurs with
a.v.c., a defective tube, open load resistor or
leaky by-pass condenser may be at fault. In-
sufficient 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 re-
ceivers.

A similar motorboating effect may occur
with high-selectivity receivers, especially where
a crystal filter is used. It is most noticeable

- with a.v.c. in operation. Its 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 certain that one side of
the heater is grounded or, if both sides are free
from ground, that both heater leads are by-
passed 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 sup-
ply, in which case an additional 8-ufd. con-
denser 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 fur-
ther 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 conirol, 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
enables the higher audic frequencies to be
attenuated, should give no trouble. However,

in the event that 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 selectiv-
ity (band width) this is determined by the
gain in the first circuit. With the antenna dis-
connected, 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 switched 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 detun-
ing. showing that the first circuit has appreci-
able impedance as evidenced by thermal agita-
tion 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 Mec., but should become appre-
ciable 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 r.f.
gain control rapidly. This will affect the oscil-
lator plate supply voltage, as a result of vary-
ing 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 quarter-
hour or so after ‘“cold start” of the receiver.
Mechanical 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 rota-
tion 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 (approxi-
mately 2-inch diameter). Calibration spread of
10 ke. or less per scale division is satisfactory
for reset and logging purposes.
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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 chap-
ter not only the electrical specifications but
also the manufacturer’s name and type number
have been given for most components. This 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, ete.

® 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 pur-
chased 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 socket to which all ground connections
shown in the diagram of Fig. 1002 are made.

Since parallel plate feed is used, the only ex-
posed high-voltage points are the plate-circuit
r.f. choke and the high-voltage power terminal.

Fig, 1001 — The simple breadboard tetrode oscillator
transmitter. The grid r.f. choke is between the crystal
and 6L6 and the plate choke to the right of the 6L6.
The cathode and screen resistors are to the rear of the
6L6. The blocking condenser Cg is between the tube and
the tank condenser.
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63V —HV.+
Fig. 1002 — Circunit diagram of the simple tetrode
oscillator transmitter.

C1 — 250-uufd. midget variable (National STH250).

C2 — 0.001-ufd. mica.

Ca, Cq, Cs — 0.01-ufd. paper.

R1 — 200 ohms, 2-watt.

Rs — 15,000 obmas, 2-watt.

R.f.c. —2.5-mh. r.f. choke.

Lh — 1.75 Mc. — 42 turns No. 22 enam., 2 in. long.
3.5 Mc. —21 turns No. 18 enam., 2 in. long,
7  Mec. — 15 turns No. 18 enam., 2 in. long.

All coils wound on 4-prong, 124-in. diam. forms.

Grid bias is obtained entirely from the cathode
resistance. Either simple voltage feed to a half-
wave antenna or an antenna a multiple of one-
half wavelength long or link coupling to an an-
tenna tuner (see Fig. 1046) may be used by
adding the link winding at the bottom of the
form as indicated.

Although a 616 is shown in the photograph,
a 6V6 might be used at lower plate voltage
without circuit alteration. Any available sup-
ply delivering up to 450 volts or so may be
used with this unit, the power output obtain-
able increasing with the voltage used. The unit
shown in Fig. 1102 is suitable. Since the circuit
is not designed for frequency doubling, a sepa-
rate crystal will be required for each frequency
at which it is desired to operate.

Tuning

A milliammeter with a scale of 100 or 200 ma.
should be connected in series with the key to
assist in tuning. With suitable coil and erystal
in place and the high voltage turned on, a rise
in plate current should occur when the key is
closed. The plate tank condenser C; should
then be rotated until there is a pronounced dip
in plate current at resonance. If the voltage-fed



Fig. 1003 — The 6L6 combination oscillator trans-
mitter is built in compact form on a 4-in. by 5-in. by 5-in.
chassis or utility box. The plate coil L3 is bebind the tank
condenser and the cathode unit plugs into the socket to
the left. The tank condenser mounts on the chassis with
14-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 for the cathode units and the
erystal, 5-prong for the plate coil and octal for the 6L6.
All are Amphenol type MIP.

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;. 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 61.6 and a plate supply delivering 400
volts, the screen voltage will run about 250
volts. The tube will draw about 76 ma. non-
oscillating, dipping to about 50 ma. at reso-

Transmitter Construction

nance with the antenna disconnected. It should
be possible to load up the circuit until the tube
draws about 80 ma. 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

6L6 Co

0P view RFC
OF SOCKET 1

Prong side
of plug ——

CATHODE -UNIT CONNECTIONS

XTAL FUND. XTAL HARM
5 .
L7-Mc a\ 1 7-Mc 3.5-Mc.
Xtal \,y 5] Output Output
S
Ca
A
35-Mc 1-Mc
xta{. Output
2 03
7-Mc a) 71-Mc 14-Mc.
Xtal i /;5 Output Outpf/t
6
E

TOP VIEWS

Fig. 1004 — Circuit diagram of the 61.6 combination
oscillator transmitter.

Cy1 — 250-uufd. midget variable (National STH250).
C2 — 50-uufd. mica. D — 60-ma. dial light.
Cs, C4, Cs—100-pufd. mica. R1—20,000 ohms, 1-watt.
Ce — 0.001-4fd. mica. Rz — 200 ohms, 10-watt.
Cz, Cs, Co—0.01-xfd. paper. R.f.c.—2.5-mh.r.f. choke.
L; — For 3.5-Mc. output with 1.75-Mec. crystal — 32
turns, No. 22 d.s.c. close-wound.
For 7-Mec. output with 3.5-Me. erystal — 10
turns, l-in. long.
For 14-Mec. output with 7-Me. erystal — 614
turns, l-in. long.
All above wound with No. 22 enam. on 1}4-in.
: diam. 6-pin forms.
L2 — 1.75-Me. output — 40 turns No. 22 enam., 114-in.

long.
3..?-Mc. output — 21 turns No. 18 enam., 1})4-in.
ong.

7-Mc. output — 11 turns No. 18 enam., 1-in. long.
14-Me. output — 6 turns No. 18 enam., 1-in. long.
All ahove wound on 1%4-in. diam., 5-pin forms.
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crystal frequency as well as at its fundamental
frequency. Thus, a erystal of properly-chosen
frequency may be used to obtain output in two
bands; a 3.5-Mec. crystal, for instance, may be
used to operate in the 7-Mec. as well as the
3.5-Mc. band.

Fig. 1005 — Assembly of small parts underneath and
wiring is simplified by the fact that the top plate is re-
movahle, making it possible to do most of the work out-
side the hox. Filament and other low-potential wiring,
resistors and by-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 anehor the r.f,chokes, etc., and the termination
of the power cable. Insulated pin jacks at the rear are
used for the key and link-output terminals.

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 ob-
taining output at the second harmonic. Both
circuits possess characteristics approaching
those of an oscillator-amplifier in that the
oscillating circuit proper is isolated and, there-
fore, operates more or less independently of
the output load circuit. Change from one cir-
cuit to the other is made automatically by
plugging in the proper units in the cathode cir-
cuit. The 60-ma. dial light, D, is in series with
the crystal to serve as an indicator of crystal
r.f. 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 remov-
able so that only the connections to the key
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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

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-Mec. unit
contains an extra 100-uufd. condenser which
conneets in parallel with C3 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 3.5-Mec. band with a 3.5-Mec.
crystal, unit C is plugged into the cathode-
circuit socket and the plate coil for 3.5-Meg. in
the plate-coil socket. If we were to operate at
3.5 Mec. with a 1.75-Me. crystal, unit B would
be used in the cathode circuit and the same
plate coil used. 7-Mec. output from a 3.5-Me.
crystal will be obtained with unit D in the
cathode socket and the 7-Me. plate coil, etc.

The use of fixed values in the cathode circuit
has eliminated any manual control for this cir-
cuit. 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 power-
supply unit as described under Fig. 1306
rather than in the oscillator unit itself to re-
duce heating effects. The divider tap should be
set so the screen voltage does not exceed 300
volts under loaded operating conditions. Tun-
ing the transmitter is merely a matter of tuning
the plate circuit to resonance and adjusting
the load. When operating at the crystal funda-
mental, oscillations will start when the plate
circuit is tuned only approximately at reso-
nance, the plate current dipping as usual at
resonance. With a 500-volt plate supply and
the screen voltage set at 250 volts, the plate
current when the circuit is not oscillating will
run approximately 80 ma., dropping to 40 ma.
or so at resonance. As the antenna is coupled,
the dip in plate current at resonance will be-
come less pronounced, disappearing almost
entirely when the circuit is fully loaded. It is



Fig. 1007 — The chassis is 7-in. by 17 in.
by 3 in. All sockets except that for the final
tank coil are submounted. The cathode coil,
Ly, is in front of the oscillator tuhe. The final
tank condenser, Ca, to the left is mounted on
insulating huttons and spacers to bring the
shait up level with that of the dual con-
denser. 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 grom-
mets are drilled for the high-potential leads
which must pass through the chassis. The
halancing condenser, Cz, is mounted at the
rear of Cj.

Transmitter Construction

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 ma., 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. Oscilla-
tions should start as soon as the plate voltage
is applied and the key closed, regardless of the
setting of the tank condenser. Under the con-
ditions described previously, the plate current
should dip to 40 or 50 ma. at resonance with
the circuit unloaded. Adjusting the load so
that the plate current runs 80 to 90 ma. at
resonance, the output at the harmonic fre-
quency 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 trans-
mitter is 834 hy 19 inches. The toggle switch at the left
is SW1 and the one at the right SWa. 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 4-in. from the plate winding will be
found sufficient.

® ATWO-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 fun-
damental.

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 SW3: 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 conse-
quent 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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Crystal Osc. Output

& Cath. Plate Circuit | ST SWa
1.75 Me. 1.75 Me.| 1.75 Mc.| Closed | Open
1.75 Mc. 1.75 Me.| 3.5 Mec.| Closed | Closed
1.75 Me. 3.5 Mec.} 3.5 Mec.| Open | Open
1.75 Mec. 3.5 Me.{7 Mec.| Open | Closed
3.5 Me. 3.5 Me.| 3.5 Mec.| Closed | Open
3.5 Me. 3.5 Mec.] 7 Mec.| Closcd | Closed
3.5 Me. 7 Mec.l7 Me. Open |Open
3.5 Mec. 7 Mec.|l14 ' Mec.| Open | Closed
7 Me. 7 Me.} 7 'f Mec.| Closed { Open
7 Me. 7 Mec. 14 Mec.| Closed | Closed
7 Mec. |14 Me.|]l4 Me. Open | Open
7 Me. {14 Mec.|28 Me.| Open | Closed

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

6L6-6V6 “Cs

tube connected across the opposite side of the
plate circuit.

Meter switching is provided so that a single
milliammeter may be used to check all plate
and grid currents. The shunting resistances
R4, Ri1s and Ry, 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 me-
ter. Ry2 and Rjs are wound with copper wire
and the resistance adjusted to give a meter-
scale multiplication of 10 and 30 respectively,
so that the original scale of 10 ma. will be in-
creased .to 100 ma. for checking oscillator
cathode current and to 300 ma. for checking
amplifier cathode current. Information on
making these shunts will be found in Chap.

L 4§ Output

W

Sw,

Cq
CATHODE COIL SOCKET

CATHODE COIL FORM

Fig. 1008 — Circuit diagram of the two-stage 6L6 transmitter.

Ci — Split-stator midget condenser,
140 uufd. per section (Ham-
marlund MCD1408S).

C2 — 25.ppfd. midget (Cardwell
ZR25A8).

C3 — 260.uufd. variable condenser
(Hammarlund MTC-250-
C).

C4 — 100-ppfd, mica.

Cs, Ca — 150-ufd, mica.

Ly — 1.75-Mec. crystals — 32 turns No. 22 d.s.c., close-

wound,

3.5-Mc. crystals — 10 turns No. 22 d.s.c., l-in.

ong.
7-Me, erystals — 614 turns No. 22 d.s.c., ¥-in.

long

Above coils wound on Hammarlund 1Y4-in. diam.,

4.pin coil forms.

La — 1.75 Me. — 68 turns No. 24 d.s.c., close-wound 14 M
3.5 Mec. — 36 turns No. 24 d.s.c., 2-in, long.
7 Mc. — 22 turna No. 22 d.s.c., 1%4-in. long.
14 Mec. — 10 turns No. 22 d.s.

Cz, Cs, Cy, Cio, C11, Ci2—0.01-
ufd. paper.

Cx — 100-gpfd. mica.

MA — Milliammeter with 0-10 ma.
scale (Triplett Mod. 326).

R.f.c. —2.5-mh. r.f. choke.

Ri — 20,000 ohms, 1-watt.

Rz, Rs — 50,000 ohms, 1-watt.

R4 — 200 ohms, 2-watt.

Rs — 200 ohms, 10-watt.

Re¢ — 50,000 ohms, 2-watt.

R7 — 15,000 ohms, 10-watt.

Rs, Rog — 5000 ohms, 10-watt.

Rio, R11 — 10,000 ochms, 10-watt.

Riz — Meter multiplicr resistance,
10 times.

Rig — Meter multiplicr resistance,
30 times.

Ris, Ris, Rie — 50 ohms, 14-watt.

SW; — S.p.s.t. toggle switch.

SW3 — D.p.s.t. toggle switch.

SWs — Two-gang, 5-contact tap
switch (Mallory 1326L).

Above coils wound on Hammarlund 1%4-in. diam.,

5-prong coil forms, centertapped.

Ls — 1.75 Mc. — 28 turns No. 18 enam., 2}4 .in. diam.,
114-in. long.

3.5 Mc. — 16 turns No. 14 enam., 2}{-in. diam.,
214 -in. long.

214 «in. long.

€., 124-in. long.
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214 -in. long.

7 Mc. — 10 turns No. 14 enam., 2}4-in. diam.,
c. — 6 turns No. 14 enam., 214.in. diam.,
28 Mc. — 3 turns No. 14 enam., 14-in. diam.,

114 -in. long.



Fig. 1009 — High-potential r.f.
leads should be made as short as
possible and kept well-spaced
from the chassis. 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 re-
quired. The meter-shunting re-
sistanees are soldered direetly to
the switeh points. The eathode-
circuit condenser, C4 is con-
neeted across the soeket of Li,
with the short-cireuiting 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 in-
puts 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 Mec. 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.

Coils

Coils for L) and Ls are wound on Hammar-
lund 1Y-inch diameter forms, following the
dimensions given under the circuit diagram.
Four-prong forms are used for L; and 5-prong
forms for Lg. 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-Me. crystals only,
an extra 100-pufd. mica condenser, Cy, is con-
nected across the two unused pins of the form.
This is automatically connected in parallel
with Cq{ when the 3.5-Mec. cathode coil is
plugged in. All coils for L3, excepting the one
for 28 Mec. are wound on Hammarlund 5-
prong, 214-in. diameter forms. The coil for 28
Me. is wound on a 134-in. form.

Tuning

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 SWy and SW, 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 closed and a combination
of crystal and coils chosen which will permit

Transmitter Construction

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-Me. crystal, 3.5-Mec. coils for Ly and Le
and 7-Me. coil for L3. 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, C1 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 C; 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. This
reading should be compared with that for the
other tube by turning to the third switch posi-
tion. Cg should now be adjusted in small steps,
following each step with a retuning of C; 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 fur-
ther attention. The meter switch may now be
turned to the last position, the plate voltage
applied to the output stage and C3 tuned for
maximum plate-current dip.

Adjustments when doubling frequency in
the oscillator are similar, except that SW, will
be open instead of closed. In operating the
single tube in the amplifier stage for straight
amplification, adjustments are the same ex-
cept that SW3 is open and the plate current
will not run so high. Grid current will, of
course, flow 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-cur-
rent dip is selected.

A link winding should be wound below Lj
on the same form for coupling to the link input
of a following amplifier or to a suitable an-
tenna tuner.

Typical values of voltages and currents for a
supply voltage of 475 are given below. They are
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Fig. 1010 — A steel utility box, 5 in. by 6 in. by 9 in., is used as
the chassis. A standard 7-by-8 steel panel is fastened on the front.
The small knob to the left controls the vernier for small frequency
changes, while the one to the right operates the keying switch. The
shaft of the 61.6 padder is in front of the 802 plate padder at the rear.

for tuned and loaded-circuit conditions. Load-
ing of the output amplifier should not be
carried beyond the point giving normal tube
life. Those indicated at (a) are typical when a
single tube is operating in the output stage,
while those indicated at (b) are for two tubes in
the final.
Oscillator

Plate-cathode voltage (a) 125-140 (b) 175-250
Screen-cathode voltage (a) 75-90 (b) 100-140
Cathode current (a) 15-25 ma. (b) 3045 ma.

Output Stage

Plate-cathode voltage (a) 450 (b) 450
Screen-cathode voltage (a) 360-375 (b) 300-325
Cathode current (a) 95-120 ma. (b) 160-200 ma.
Grid current (a) 1-1.5 ma. (b) 1.5-2.5 ma. per tube

@ AN E.C.0. EXCITER UNIT

In discussing self-controlled oscillators in
Chap. 5, the importance of care in design and
construction was stressed. In the unit shown
in Figs. 1010 and 1012 the various factors
which contribute toward instability have been
taken into consideration. The 6F6 was chosen
for the oscillator tube since it is remarkably
free from ‘‘microphonics” or changes in fre-
quency caused by mechanical jarring. It is
followed by a 6L6 frequency doubler to pro-
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vide isolation between the oscillator
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 tend-
ency 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 cir-
cuits of the 6.6 and the 802 are tuned
simultaneously by a gang of three
midget condensers. These circuits
may be tuned individually by omit-
ting Cp and Cs and substituting 100-
uufd. condensers for C7 and Cs. The
slight additional cost of the ganging
is well worth while, however. Parallel
plate feed is used throughout to per-
mit direct grounding of the various
tuned-circuit components. The sepa-
rate cathode winding, Lo, instead of
a tap on L facilitates a convenient
keying circuit for the oscillator.

The unit is designed to give output in two
bands — either the 1.75- and the 3.5-Mec. bands
or the 3.5- and the 7-Mec. bands depending
upon the choice of the constructor. The grid-
circuit inductance of the oscillator and the
plate-circuit inductance of the 6L6 are per-
manently mounted and only the plate coil of
the 802 needs changing for operating as a
straight amplifier or as a doubler. For 1.75-
and 3.5-Mec. output, the oscillator operates at
875 ke., the 6L6 at 1.75 Mc. and the 802 at
either 1.75 or 3.5 Mec. For 3.5 and 7-Mc. out-
put the oscillator operates at 1.75 Mec., the
6L6 at 3.5 Mec. and 802 at either 3.5 or 7 Me.

The tuning range is adjusted so that the
1.75- and 3.5-Mec. bands are spread over about
90 per cent of the dial scale. At 7 Mc. only the
lower-frequency portion of the range is useful.
However, no difficulty should be experienced
in setting quickly within audibility of a chosen
frequency — even at the 28-Mec. harmoniec.
C, is provided as a handy means of setting the
frequency to zero beat or for making small
frequency changes.

Although zero temperature-coeflicient con-
densers are specified for the oscillator padding
capacity, (C) and C3), an ordinary 500-uufd.



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 tempera-
ture 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 fre-
quency. In the second position, both oscillator
and output stages are keyed for break-in oper-
ation. For those who prefer buffer keying, the
third position switches the oscillator to con-
tinuous operation, while the 802 alone is keyed.

It may also be well to mention that the un-
usually large value of plate blocking capacity
for C14 is required in this instance to detune a
parasitic circuit set up by the r.f. chokes in the
6L6 grid and plate circuits. The r.f. choke in
the cathode circuit of the 802 eliminated a
trace of r.f. in the keying leads.

Transmitter Construction

Construction

The unit is constructed with a steel utility
box 5’ by 6’ by 9” 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 (C3) protruding
far enough in front for the dial. The tube sock-
ets are then placed in the positions shown in
the photographs, the sockets for the 6F6 and
802 on one side and the 6L.6 on the other side
opposite the 6F6. The coil forms and the 6L6
padder, C7, 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 plate-
circuit r.f. choke and blocking condenser,
Chg, are behind the 802 with a National feed-

Fig. 1011 — Circuit diagram of the e.c.o. exciter.

Ci, C2—250-ppfd. fixed, zero-temp. coefficient —
(Centralab 816Z).

C3 -~ 200-ppfd. midget variable (Hammarlund
MC200M).

C4 — 15-ppfd. midget variable (Hamgmarlund HF15X).

Cs, Co—050-ppfd. midget variable (Hammarlund
MC50M),

C7 — 50-pufd. midget variable (Hammarlund HF50).

Cs — 50-uufd. midget variable (Hammarlund MC50S).

Co, C10 — 100-pufd. mica.

C11 — 250-pufd. mica.

Ciz — 0.001-u4fd. mica.

Cis, Cus, Ci5, Cis, C17, Cis, Ci9, Czo, Ca1, C22 — 0.01-4fd.
paper.

J — Single open-circuit jack.

Ri— 0.1 meg., Y4-watt.

Rz — 0.1 meg., V5-watt.

Rs — 400 obms, 1-watt.

R4 — 50,000 ohms, 1-watt.

R.F.C. — 2.5-mb. r.f. choke.

Sw — Two-circuit, 3-position switch (Mallory 3223J).

L1 — 0.875 Mc. — 60 turns No. 24 enam., close-wound.

1.75 Mc. — 26 turns No. 22 d.s.c., %-in. long.
L2 — 0.875 Mec. — 20 turns No. 24 enam., wound turn

for turn over ground end of L1, same direction.

1.75 Mc. — 9 turns No. 22 d.s.c., wound turn for
turn over ground end of L1, same direction.

Lz — 1.75 Mc. — 85 turns No. 30 d.s.c., close-wound,
tapped at 22 turns from plate end.

3.5 Mc.— 37 turns No. 24 d.s.c., close-wound,
tapped at 10 turns from plate end.

Ls—1.75 Mc. — 60 turns, 13{-in. diam., 1%-in. long
(National AR160E coil with 12 turns removed,
tapped at 12 turns from plate end) (105 pbys.,
tag};ed at 1/5 of total number of turns from plate
end).

3.5 Mc. — 32 turns, 1!}4-in. diam., Y%-in. long,
tapped at 11 turns from plate end (National
ARBSBOE coil with 24 turns removed, tapped at
11 turns from plate end) (26 uhys., tapped at
11/32 of total number of turns from plate end).

7-Mc. — 19 turns, 134 -in. diam., 1-in. long, tapped
at 8 turns from plate end (National AR40E
with 9 turns removed, tapped at 8 turns from
plate end) (8.8 uhys., tapped at 8/19 total
number of turns from plate end).

Note: Ly, L2 and Ls wound on Millen 1-in, diam.

forms, no pins.
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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 R100U 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 616
plate-circuit choke is next to the 61.6 plate coil
and the one fastened to the 802 socket-mount-
ing screw is in the 802 grid circuit. The hori-
zontally 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, C; and Cs, which
look like resistors, are supported by their leads
connected across the terminals of C3. They are
braced against vibration by binding together at
each end with rubber bands. A stiff wire sol-
dered to the lead between the rotor of C3 and
the top of L is fastened to the ends of the con-
densers with Duco cement to provide further

Fig. 1012 — Bottom view with hottom plate removed

showing arran t of comp ts under the chassis.
The removable top and bottom plates make the as-
sembly easy. Shielded single conductor is used for the
key-circuit leads.
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bracing. Cy is supported by its leads between
the stator terminal of C3 and the 6F6 grid ter-
minal at the socket. Cyp is also supported by
its leads between the top of the oscillator plate-
circuit choke and the grid terminal of the 616.
Similarly, C1; is suspended between the stator
terminal of C7 and the grid terminal of the 802
socket, passing underneath the condenser shaft
but spaced from the chassis. By-pass condens-
ers are tucked in wherever space may be
found near the terminal to be by-passed.

The high-potential r.f. 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 fast-
ened 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 cir-
cuit. 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 Ly 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 C's and a small pointer knob
provided so that this condenser may be re-
turned immediately to the proper setting for
each of the two output bands. The shaft of Cy
is turned with a small screwdriver and, once
adjusted, needs no further attention for opera-
tion in either band. Output is taken directly
from the link terminals on the plug-in base of
L.

Tuning

If dimensions have been closely followed, no
adjustment of the tracking taps on L3 and L4
should be required. The procedure for adjust-
ing for 3.5- and 7-Mec. output will be described
in detail. Adjustment for 1.75- and 3.5-Me.
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



and the 6L6 only in operation, the
plate voltage may be applied with the
key open. This should produce a con-
tinuous signal from the first two stages
by which the tuning range of the os~
cillator may be checked with a re-
ceiver. Care should be exercised in
distinguishing the signal from its
image on a superhet or from blocking
on any type receiver with a large re-
ceiving antenna. If the range of 3500
to 4000 ke. is not covered, it will be
necessary to remove a turn from L, if
4000 ke. is not reached, or to add a
turn if 3500 ke. is not reached. Plate
current to the 6F6 should run at ap-
proximately 9 ma. with a plate vol-
tage 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

Transmitter Construction

4000 kec., the key switch is set at the
third position and the key closed. Ad-
justing the 616 plate circuit to reso-
nance by turning C7 with a screw-
driver should produce a reading of
about 4 ma. on the grid-current meter. The
oscillator should then be tuned to 3500 ke.
and, after noting carefully the setting of C7,
it should again be adjusted for maximum
grid current. If readjustment of C7 at 3500
ke. produces an increase of grid current of
more than 1 ma., the tap on L3 will have to be
readjusted. It should be moved a turn toward
the plate end of the coil if an increase in the
capacity of C'7is necessary to restore resonance;
or a turn in the opposite direction if a decrease
in the capacity of C7 is required. At resonance,
plate current to the 6.6 will run approximately
15 ma. at plate and screen voltages of 300 and
150, respectively. This stage is not keyed and
runs continuously, there being but slight dif-
ference in the plate current whether the key is
closed or open.

Lining up of the 802 stage is done in a sim-
ilar manner with all voltages applied to the 802
and a load of some sort coupled to the output
link. Resonance here is indicated by the cus-
tomary dip in plate current. When the circuit
is tracking, there should be but very slight dif-
ference in the setting of C's for resonance over
the entire band. After the tracking for 3.5 Mc.
has been adjusted, the 7-Mec. coil may be
plugged in the output circuit. In this case, the
circuit need track only between 7300 and 7000
ke., of course. With proper coupling, the plate
current at resonance may be run up to the
rated 60 ma.

Fig. 1013 — Top view of power supply with cover removed. All
high-voltage points are unexposed. The VR150%s are to the left in
back of the voltage-divider resistances which are mounted on top
for ventilation.

Power Supply

A proper power supply is of utmost impor-
tance if chirpy keying and changes in fre-
quency with changes in line voltage are to be
avoided. The power-supply unit pictured in
Figs. 1013 and 1015 has been designed particu-
larly for use with the e.c.o. exciter. Referring
to the circuit diagram of Fig. 1014, the VR150
regulator tubes provide constant voltages of
300 for the plates of the 6F6 and 6L6 and 150
for the screens of these two tubes. Close regu-
lation of the voltages applied to the 802 is not
required. Screen and suppressor voltages of
approximately 250 and 100 respectively are ob-
tained from the voltage-divider resistance Rs.
Precaution against the pick-up of r.f. through
the supply line or power supply itself or leads
to the r.f. unit has been taken by the use of
an r.f. filter in the input line, a shielding cover
and a shielded 8-wire cable between power-
supply and r.f. units. A milliammeter and
switch are provided for checking the various
currents and signal lamps and switches for the
filament- and plate-supply circuits. The shield
of the cable, connected to pin No. 1, is used for
the ground, negative high-voltage and one side
of the filament circuit. The cable plugs into a
9-prong Amphenol female outlet set in one end
of the chassis. Since the power-supply has a
rating of 250 ma. and the total current drawn
by the e.c.o. unit will be somewhere between
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and to 240 ma. for measuring the cur-

rent in the lead to the external circuit.
These two shunts are wound on a short
length of fibre rod !4-in. in diameter
with copper wire, following the pro-
cedure outlined in Chapter 17.

At some sacrifice in voltage regula-
tion of the supply to the 802 and loss
of independent control of filament and
plate voltages, a suitable supply may
be built at a lower cost. T, and T»
may be replaced by a single combina-
tion transformer delivering 600 volts
a.c. each side of center, 200 ma. for
the high-voltage winding and having
6.3-volt, 3-amp. and 5-volt 3-amp.
windings for the filaments. A suitable

Fig. 1015 — Bottom view of power supply showing line-filter and
hash-filter chokes and the meter switching. The terminal at the
rear of the chassis is for external connection to the 600-volt line.

100 and 125 ma. at full load, another stage re-
quiring 100 to 150 ma. at 600 volts may be
operated from this supply, and an external
terminal for this purpose has been provided
at the rear of the chassis.

The resistors R3, R4, Rs, Rs and R7 are shunts
for the 30-ma. meter. Rs and R7 are multiply-
ing resistors to increase the range of the meter
to 90 ma. for measuring the 802 plate current

T

transformer is the UTC-S41. The filter
chokes may be replaced by a pair rated
at 120 ma., such as the Thordarson
T53C19, and the 866 Jr. half-wave
rectifiers by a single type 83 full-
wave rectifier. Condenser input will be re-
quired and a double-unit 8-ufd., 450-volt elec-
trolytic condenser with the sections connected
in series may be used. Cs and Cs may be re-
placed with 600-volt 8-ufd. electrolytics. The
chassis cover may in many cases be eliminated
if the power supply is kept well removed from
r.f. fields. The hash-filter chokes may be dis-
pensed with if no interference from rectifier

O+600

|H|%

o~

Fig. 1014 — Circuit diagram of the power supply for

the e.c.o. unit.

Ci, C2—0.1-ufd. — double-unit, 400-volt paper con-
denser.

Cs, C4 — 4-ufd., 1000-volt filter condensers.

Li, L2 — Line filter chokes (Ohmite Z-20, double unit).

Ls, La — Hash filter chokes (Mlllen 77866)

Ls ——5/25 hys., 225-ma. swinging filter choke (UTC-

S32).

Ls — 20-hys., 225-ma. smoothing filter choke (UTC-

$31).

MA — D.C. milliameter, scale 0 — 30 ma. (Triplett
type 326).
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I R1 — 7500 ohms, 25-watt.
Rz — 20,000 ohms 100-watt, 2 sliders. One
slider set at 6000 ohms between sup-
pressor tap and ground, other set at
12,000 ohms between screen tap and
ground.
R3 — 50 ohms, }4-watt.
R4, Rs — 50 ohms, l-watt.
Res — Multiplying resistor wound with No. 28 copper
wire to give scale multiplication of 3.
R7 — Multiplying resistor wound witb No. 26 copper
wire to give acale multiplication of 8.
S1, Sz — 110-volt signal lamps.
SWi, SWa — S.p.d.t. toggle switches.
SWs — Two-gang, 5-contact switch (Mallory 1326L).
— Plate transformer, 600 volts d.c., 250-ma. (UTC-

Tz — Filame'nt transformer, 6.3 volts, 5 amp., 5 volts,
6 amp. (UTC-S67).



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.1.)

® TWO-TUBE PLUG-IN COIL EXCITER

In the two-tube exciter or low-power trans-
mitter shown in the photographs of Figs. 1016,
1017 and 1019, a 616 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 out-
put at the crystal fundamental by short-cir-
cuiting 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 simul-
taneously in the common cathode lead. If pre-

Transmitter ConStruction

ferred, the fixed bias on the 807 may be in-
creased 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 ma. may be switched to read the plate cur-
rent of either stage.

Tuning

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 pos-
sible combinations of coils and crystals which
will produce the same output frequency. How-
ever, much better efficiencies are obtainable
when operating the 807 as a straight amplifier,
rather than doubling, so that it is always ad-
visable 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 — 14-Mec. output from a
1.75-Mec. crystal or 28-Me. output from a 3.5-
Mec. 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 posi-
tion in which SW; 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 erystal in place,
SW 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-

Fig. 1016 — The two-tube plug-in coil exciter is built
to conserve space in the relay rack. The panel is 314 in.
by 19 in. A clearancc hole is cut in the left end of the
panel_ for the crystal socket which is mounted in the
chasgig directly above the cathode-circuit switch. The
left-hand dial controls the tuning of the oscillator plate

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 COIL EXCITER

Xtal Output [} Ci1L2 C2L3
Band Band S Band Band Band C1* Ca*
Me. Me. Me. Mec. Mec.

1.75 1.75 Closed 1.75 1.75 1.75 10 10
1.75 3.5 Open 1.75 3.5 3.5 10 30
3.5 3.5 Closed 3.5 3.5 3.5 10 30
1.75 1 Open 1.75 1 7 20 S50
3.5 7 Open 3.5 7 7 20 50
1 7 Closed 7 7 7 20 50
1.75 14 Open 1.75 7 14 20 70
3.5 14 Open 3.5 14 14 35 70
1 14 Open 1 14 14 35 70
3.5 28 Open 3.5 14 28 35 80
7 28 Open 7 28 28 75 80

* Approx. settings for low-frequency ends of bands with dial reading zero at full capacity of condenser.

proximately 25 ma. Now close the key and turn
the oscillator tank condenser to the approxi-
mate setting given in the accompanying table
and watch for a rise in amplifier plate current.
When this occurs, tune the oscillator for maxi-
mum amplifier plate current. Do not hold the
key closed for long periods under this condi-
tion. As 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.

With 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 key-
ing. Active crystals will usually oscillate con-
tinuously 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,
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 ma. at resonance with the plate cir-
cuit tuned to the crystal fundamental or second
harmonic. When tuned to the fourth harmonie,

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
sub-mounted in the rear edge of the chassis. The mount-
ing for the National AR coils used in the oscillator plate
circuit is fastened on short cone insulators, while the
socket for the 807 is sub-mounted in the small steel parti-
tion. The grid r.f, choke and screen and cathode by-pass
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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 condenser and for the 807
plate lead. A pair of pin jacks serves as the link output
terminals and power-supply connections are made to the
Millen strip at the right end.



the plate current will normally run between 85
and 95 ma.

Because the plate and screen of the 6L.6 are
operated from a voltage divider, their volt-
ages 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 simul-
taneously 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 low-
impedance transmission line feeding an an-
tenna 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

Transmitter Construction

rated plate current of 100 ma. However, when
doubling frequency in the output stage, the
plate current should be limited to 70 ma. at 28
Me. and 80 ma. at 14 Mec. and to 90 ma. when
operating the 807 as a straight amplifier at 28
Mec. Power output under these conditions
should average 40 to 55 watts on all bands
go long as the 807 is operated as a straight
amplifier. When doubling frequency in the
output circuit to 14 and 28 Mec., 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 sup-
ply of lower voltage, the power output will, of
course, be reduced in proportion. In such a

807
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Fig. 1018 — Circuit diagram of the two-tube plug-in coil exciter.

Ci — 140-ppfd. midget variable (Hammarlund MC-
140M

Cz — 150-uufd, variable (Cardwell MR150BS).

Cs — 100-yufd. mica.

C‘ - 20-;mfd. mica.

Csy Co, C7, Cs, Co, C10 — 0.01-4fd., 600-volt paper.

Cu1 — 0.01-p4d., 1000-volt paper.

Cy — 100-pufd. mica (see text).

MA — Milliammeter, 0-200-ma. scale (Triplett Mod.
227A).

Ri1 — 20,000 ohms, 1-watt.

Ra — 25,000 ohms, 2-watt,

Ra — 200 ohms, 2-watt.

Ris — 10,000 ohms, 25.watt.

Rs — 3500 ohms, 25-watt.

Re, R7 — 15,000 ohms, 25-watt.

Rs, Ro — 1250 ohms, 50-watt.

Rio, R11 — 10 ohms, 1-watt.

R.f.c. — 2.5-mh. r.f. choke.

SWi1 — S.p.s.t. toggle switch.

SWs — D.p.d.t. rotary switch (Mallory 3222J),

L) — L.75-Mc. crystals — 32 turns No. 22 d.s.c., close-
wound,

3.5-Mec. crystals — 10 turns No. 22 d.s.c., 1-in.

long. Note: C; connected in parallel with this
coil; mounted in form.

7-{\/[0. crystals — 614 turns No. 22 d.s.c., 34-in.
ong.

Above coils wound on Hammarlund 1%4-in, diam.
4-pin forms.

Lz — 1.75 Me. — 56 turns, 1}{-in. diam., 13{-in. long,
54 phys. (National AR80-no link),

3.5 Mc. — 28 turns, 134 -in. diam., 114-in. long,
15 uhys. (National AR40-no link).

7-Mc. — 14 turns, 1}4-in, diam., 1}{ -in. long, 4.2
phys. (National AR20 — no link).

14 Mc. —8 turns, 1}4-in. diam., 1l4.in. long,
1.25 uhys. (National AR10 — no link).

28 Mc. — 4 turns, 14 -in, diam., 3{-in. long, 0.5
phy. (National AR10, 4 turns removed — no
link).

Ls — 1.75 Mc. — 50 turns 1}4-in. diam., 21§-in. long,
52 uhys. (Coto Coil CS6160E).

3.5 Mc. —25 turns, 1}4-in. diam., 154-in. long,
16 uhys. (Coto Coil CS680E).

7 Mec.— 16 turns, 1%.in. diam., 174-in. long,
5.7 phys. (Coto Coil CS640E).

14 Mc. — 8 turns, 1%-in. diam., 154-in. long, 1.5
shys. (Coto Coil CS620E),

28 Me. — 4 turns, 1%4.in. diam., 1Y4-in. long, 0.7
uhys. (Coto Coil CS610E).
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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 Rg are
to the right of the oscillator
tank condenser, while R4, Rs,
Re and R7 are mounted to the rear
of the meter. The oscillator r.f.
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. Meter-
shunting resistances are fastened
to the meter switch. Both tank-
condenser shafts must 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,
Rg and Rs should be changed to 1000 ohms
each and R4 to 20,000 ohms and Rj to 10,000
ohms. Power output will average 30 to 35
watts with the 807 operating as a straight
amplifier. (Bib. 2.)

® A BAND-SWITCHING EXCITER WITH
807 OUTPUT

The exciter or low-power transmitter pic-
tured in Figs. 1020, 1021 and 1023 is designed
for flexibility in being adaptable to all bands
from 1.75 to 28 Mec., with crystals cut for dif-
ferent bands, and also for quick band changing
over three bands. It consists of a 6C5 triode
oscillator followed by two triode doubler
stages in one tube, a 6N7; by means of a
switch, the output of any of the three stages
can be connected to the grid of the final tube,
an 807 beam tetrode. A band-switching

Fig. 1020 — An 807 exciter or low-power transmitter combining the
flexibility of plug-in coils with the convenience of band-switching. Crystal
switching and meter switching also are provided.
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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, Ly and L 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 dis-
connected from the preceding stage and
grounded so that excitation is not applied to
the idle tubes.

Capacity coupling between stages is used
throughout. The plates of the first three stages
are parallel-fed so that the plate tuning con-
densers can be mounted directly on the metal
chassis. The 6C5, 6N7 and the 807 screen all
operate from a 250-volt supply. Series feed is
used in the 807 plate circuit, the tank con-
denser being of the type which is insulated
from the chassis. Fixed bias of about 50 volts
is used on the 807 grid.

Sockets are provided for seven crystals,
with a switch to select the desired frequency.
Plate currents for all tubes and screen current
for the 807 are read by a 200-
ma. meter which can beswitched
to any circuit by means of S,.

Keying is in the oscillator
cathode circuit for break-in op-
eration. Since in normal opera-
tion the crystal tank circuit,
C1Ly, is tuned well on the high-
frequency side of resonmance,
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 neutraliza-
tion provided by the single-
turn coils Ly and Lg, wound as
closely as possible to the ground
end of each tank coil. The 28-
Me. coil does not need such a
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neutralizing winding sinceit is used
only in the second doubler stage.
L and Lg should be connected in
such a way as to prevent self-
oscillation of the first 6IN7 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. Di-
rectly in front of them are the
sockets for the three low-level
plate coils, L, Ly and Lz. The
sockets are mounted above the
chassis on metal pillars. The three
tuning condensers, C1, Cz and Cs,
are mounted in front of their associated coils,
and are fastened directly to the chassis. The
‘“hot’’ leads from the coils come down through
grommetted holes in the chassis, underneath
the sockets; grounds to the coils are made
direct to the chassis, on top.

In the amplifier section, the switch assembly
is at the extreme right, with the 807 and tun-
ing condenser, Cy, just to its. left, The switch
assembly should be mounted far enough back

Fig. 1021 — Top view of the band-switching exciter, with coils re-
moved. All tank circuit wiring is above the cbassis. Insulated leads
connect the first two sockets to complete the neutralizing circuit de-
scribed in the text.

of the panel so that the coils will clear the
sides of the relay rack or cabinet; this clearance
will depend upon the type of rack used. It is
desirable, of course, to keep the leads between
Cy and the switch as short as possible, consid-
ering the clearances which must be observed.

The chassis is 8 by 17 by 2 inches, the 2-
inch depth being used so that the height of the
unit will be within the 8 3{-inch relay-rack
panel size,

+230 ;A

Rg

ouTPuT

-50

+750

Fig. 1022 — Circuit diagram of the 807 band-switching exciter.

C1, Cz, C3 — 100-pufd, variable (National ST-100).

C4—150-upfd. variable, 0.05” spacing (Hammarlund
HFB.150-C).

Cs, Co, C7 ~— 0.002-4fd. mica, 500-volt.

Cs, Co, C10 — 100-uufd. mica, 500-volt.

C11 — 0.002-xfd, mica, 2500-volt.

Ci2=Ca7, inc. — 0.01-nfd. paper, 600-volt.

Ri1 — 10,000 ohms, Y4-watt.

R2 — 300 ohms, 1-watt,

Rs, R4 — 25,000 ohms, }4-watt.

Rs—Ro, ine. — 25 ohms, l4-watt.

RFC — 2.5-mh. r.f. choke.

S1 — Ceramic wafer switch, 6 or more points.

S2 — Three-gang, three-position ceramic wafer switch
(Yaxley 163C).

S3 — Band.switch with coil mountings (Coto type 700).

Sy — Two-gang, 6-position (5 used) ceramic wafer
switch.

M — 0-200 d.c. milliammeter, bakelite case.

Ly, Lz, Ls —1.75 Mc.: 50 turns No. 22 d.s.c. close-wound.

3.5 Mc.: 26 turns No. 18; length 114 inches.

7 Mec.: 17 turns No. 18; length 114 inches.

14 Mec.: 8 turns No. 18; length 114 inches.

28 Mc.: 3 turns No. 18; length 1 inch.

All on 1Y4-inch diameter forms (Hammarlund
SWF-4); turns spaced evenly to fill specified
winding length.

L4 —1.75 Mc. — 50 turns, 1%4-in, diam., 234-in. long,
52 phys. (Coto Coil CI6160E).

3.5 Mc. — 25 turns, 1}4-in. diam., 134-in. long, 16
shys. (Coto Coil CI680E).

7 Mc. — 16 turns, 1%4-in, diam., 17%-in. long, 5.7
rhys. (Coto Coil CI640E).

4 Mc. — 8 turns, 1%4-in, diam., 134-in. long, 1.5
rhys. (Coto Coil CI620E).

28 Mc. — 4 turns, 114-in, diam., 114-in. long, 0.7
vhys. (Coto Coil CI610E).

Ls, Le — One turn at bottom of L and Lz. See text.
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Fig. 1023 — Bottom view of the band-switching exciter, showing the multiple
crystal mounting and switching circuits.

In the bottom view, Fig. 1023, the meter
switch with its shunting resistors is at the left,
with the 807 plate by-pass condenser, Cq3, just
above it. The stage switch, Sy, is in the center.
R.f. leads to this switch should be kept sep-
arated as much as the layout will permit.
R.f. junction points are insulated by small
ceramic pillars. In this view, the right-hand
section of the 6N7 is the first doubler. The
rotor contact of the section of Sy nearest the
panel goes to the grid of the first doubler, the
middle section to the second doubler grid, and
the third section to the 807 grid.

The multiple crystal mounting is a 3 by
4 Y4-inch aluminum plate fitted with Am-
phenol crystal sockets, the assembly being
mounted from the chassis by metal pillars.
Six crystals may be mounted permanently
here; the seventh socket is on top of the chas-
sis for spare crystals or for bringing in excita-
tion from an e.c.o. The crystal switch is in the
lower right corner.

The 750-volt lead is brought in through a
Millen safety terminal on the rear edge of the
chassis. All other power connections come to
a Millen five-terminal strip with barriers be-
tween terminals to prevent accidental contact.

All grounds are made directly to the chassis,

Tuning

To operate the exciter, coils for consecu-
tively higher-frequency bands are plugged in
at Lj, L; and Lg; only five are necessary for
operation with any crystals from 1.75 to 7
Me. and for output from 1.75 to 28 Me¢. For
example, with 3.5-Mec. crystals, the 3.5-, 7-
and 14-Mec. coils would be plugged in at Ly,
Ly and L3 respectively. For 1.75-Mec. crystals,
the 1.75-, 3.5- and 7-Me. coils would be used,
and so on. The plate coils for the 807 circuit
should cover the same three bands as the low-
level coils.
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Preliminary tuning
should be done with
the plate voltage for
the 807 disconnected.
Set 82 so0 that all tubes
are in use. Switch the
milliammeter to the
oscillator circuit and
close the key. Rotate
C) for the dip in plate
current which indi-
cates oscillation. The
non-oscillating plate
current should be be-
tween 20 and 25 ma.,
dropping to 15 or
20 when oscillating.
Switch the meter to
the doubler plate and
adjust Cy to minimum
plate current, or resonance. The off-reso-
nance plate current should be about 30 ma.
or more and the reading should be between
10 and 15 at resonance. Check the second
doubler plate current and tuning similarly;
the off-resonance plate current should again
be around 30 ma., dropping to 15 or 20 at
resonance, At this point the 807 screen current
should be measured; with too much excitation
it will be considerably higher than the rated
value (about 12 ma.) and the excitation should
not be kept on for more than a second or two.

Next, the plate voltage may be applied to
the 807. The amplifier should not be operated
without load for more than a few moments at a
time, because under these conditions the screen
dissipation is excessive. Use a 70-ohm dummy
antenna or 60 watt lamp connected to the
output link. The three bands may be checked
in order by appropriate switching of Sz and
S3. With the 807 fully loaded, check the screen
current to make sure it does not exceed 10 or
12 ma. If it is too high, reduce the excitation
by detuning the crystal oscillator until it
reaches the proper value. The 807 grid current,
may be measured with a lower-range milliam-
meter connected in series with the bias source,
if desired. Maximum output will be secured
with a grid current of about 3 or 4 milli-
amperes, & value which also will give about
rated screen current. The screen current, in
fact, is a very good indicator of excitation.
The 807 should show no tendency to oscillate
by itself when the key is open.

The current to each section of the 6N7
should be 20 ma. with the key open (no exci-
tation). If the two currents are not the same or
show changes with tuning of Cz and C; with
key open, the first doubler may be acting as a
t.p.t.g. oscillator as previously mentioned, and
the neutralizing circuit should be checked. Do
not use more than 250 volts for the low-voltage



Fig. 1024 — The 100-175-watt trans-
mitter-exciter. Controls from left to right
are for the oscillator, douhler and final
amplifier. The chassis is 17 in. by 8 in. by
3 in, and the Presdwood panel 19 in. by
834 in. The controls are 174 in. above the
bottom of the panel and the two outer
controls 2 in. in from the edges of the
chassis or 3 in. from the panel edges. Tbe
crystal-oscillator tube and plate coil are
to the left, the doubler plate coil to the
left of tbe 6L6 doubler and the change-

over 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 C,
detuned to reduce excitation to the proper
value, the doubler plate currents will show
little change between resonance and off-
resonance tuning.

With maximum input to the 807 plate (75
watts) the output is approximately 50 watts on
all bands except 28 Mec., where greater circuit
losses decrease it to about 40 watts. The ex-
citation is more than ample on all bands.

The low-voltage power supply should de-
liver 250 volts at approximately 75 ma., and
the high-voltage supply 750 volts at 100 ma,
(See Fig. 1110.) A 45-volt battery may be
used to bias the 807.

® 100-TO-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 616 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

Transmitter Construction

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.

Qutput 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 final-
amplifier grid to the output of either the os-
cillator 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 os-
cillator and frequency doubler are wound on
Hammarlund 1%4-inch diameter plug-in forms,
while those for the final amplifier are wound
on National XR-10A 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 Cs is mounted by means of angle

Fig. 1025 — Bottom view of
100-175-watt transmitter. The
mica plate-circuit blocking con-
densers Cs and Ce are scen at the
rear of the two small tank con-
densers. The resistors at the left-
center are the two screen voltage
dividers. The neutralizing con-
denser is in front of the HYS51Z
socket and the plate-circuit r.f.
choke next to the tank condens-
er. Co is fastened to the front
end plate of the tank condenser,
The terminals are pin-jack type
mounted on small angles behind
the slot in the rear edge of the
chassis. The positive high-voltage
terminal is a special safety typec.
The final tank condenser is fitted
with an insulated flexible shaft
coupling and a bearing for the
shaft extension is set in the panel.
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brackets on four 3¢-inch cone insulators which
bring the shaft 174 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 Cj 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 C; and the mounting nuts of the other two
condensers. The dial plates are held in place by
cementing them to the panel with Duco ce-
ment,

The soeket 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 voltage-
divider 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 in-
sulators set in the chassis. The neutralizir.g
condenser, which may be seen in front of the
final tube socket, is mounted on spacers. A
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Fig. 1026 — Circuit diagram of 100- to 175-watt transmitter.

C; — 100 upfds. (National ST-100.)

C2 — 100 uufds. (National ST-100.)

C3 — 180 uufds. per section, 0.05-in. spacing (Cardwell
MO0.180.BD.)

Cs — 0.001 pfd. mica, 600 v.

Cs — 500 pufds. mica, 600 v,

Cg — 0.001 pfd. mica, 600 v.

C7 — 50 ppfds. mica, 600 v,

Cs — 150 uufds, mica, 600 v,

Cp — 0.002 pfd. mica, 5000 v., Cornell-Dubhilier.

Ci0 — Neutralizing condenser, 0.07-in. spacing, Card-
well Trim-Air, ZT-15-AS.

C11 — 0.01 ufd. paper, 600 v.

R1 — 0.1 meg., 1-watt.

Rz — 400 ohms, 1-watt.

R3 — 0.1 meg., 1-watt.

R4+ — 2500 ohms, 10-watt.

Rs — 50,000 ohms, 2-watt.

Res — 10,000 ohms, 10-watt.

R7 — 6000 ohms, 10-watt.

Rs — 50,000 ohms, 2-watt.

RFC; — National R-100 r.f. chokes, 2.5 mh,

RFCg — National R154U r.f. choke, 1 mh.

M1 — Oscillator cathode milliammeter.

M2 — Doubler cathode milliammeter.

M3 — Final-amplifier grid milliammeter.

M4 — Final-amplifier cathode milliammeter.
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Li-L (Coils interchangeable).

1.75 M¢. — 60 turns No. 22 enam., 114-in. diam., close
wound.

3.5 Mc. — 30 turns No. 22 enam., 1}4-in. diam., 1V4-in.

ong.

7 Mc., — 15 turns No. 22 enam,, 114-in. diam., 134-in.
ong.

14 Mc. — 8 turns No. 16 enam., 114-in, diam., 134-in.

ong.

28 Mc¢. — 3 turns No. 12 wire, 1Y4-in. diam., self-sup-
porting mounted on small banana-type plugs.
Adjust spacing to tune to resonance near mini-
mum of Ca.

L3-1.75 Mc¢. — 40 turns No. 18, 214-in. diameter wound
on bakelite tuhing form to fit mounting.

3.5 Mc. — 30 turns No. 14, 234-in. diam., 3 }4-in. long
wound on form to fit mounting.

7 Mc. — 16 turns No. 14 bare, 2V4-in. diam., 3-in. long
with 1.in. space at center (National XR-10A
fox;irgl. start each half of winding one hole from
end).

14 Mc¢. — 12 turns No. 14 bare, 2Y4-in. diam., 3 }4-in.
long (National XR-10A form, turns wound in
alternate grooves).

28 Mc. — 6 turns No. 14 bare, 214-in. diam., 3 14.in.
long (National XR-10A form, turns wound
every 4th turn).



Transmitter Construction

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 1000-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 connec-
tions 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 ”’ unit will be used.

Two plate supplies are required, one
delivering 400 volts, 150 ma. for the
6L6’s and the other for the final ampli-
fier, The HY51Z requires 1000 volts,
175 ma. at maximum rated input. A
45-volt battery should be provided for fixed
bias for the doubler and final amplifier,
When the oscillator is driving the final am-
plifier, the cathode current should dip to
about 50 ma. at resonance; when driving the
doubler, it should run in the neighborhood of
30 ma. The doubler cathode current normally
runs between 65 and 100 ma. at resonance
when driving the final, the higher currents oc-
curring at the higher frequencies.

Grid current to the final amplifier (HY51Z)
should run between 30 and 40 ma. on all bands
except when operating at 28 Me. with a 14-Me.
crystal when the grid current may fall to 25
ma. with the amplifier loaded. These values
should indicate sufficient excitation, The am-
plifier may be loaded until the cathode current
reaches 200 to 225 ma. at resonance. The dif-
ference between cathode and grid currents
should not exceed 175 ma. Operating condi-
tions for other tubes may be taken from the
tube tables of Chapter 20.

The output circuit is designed for link
coupling to an antenna tuner. Where the space
is available, the link may be wound between
the turns of the tank-coil winding; otherwise,
it may be wound self-supporting and placed
inside the coil form. The number of link turns
for proper loading will depend upon the an-
tenna system and must be determined ex-
perimentally.

® COMPACT 250-WATT TRANSMITTER

The photographs of Figs. 1027, 1028 and
1030 show various views of & multi-band trans-
mitter capable of handling 250 watts. Output
may be obtained at the second and fourth har-

ev—
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Fig. 1027 — Front panel view of the compact 250-watt
transmitter showing position of controls. The oscillator plate
tuning control is below the crystal switch in the lower left-hand
corner. The Presdwood panel is 1014 in. high and of standard
19-in. rack width.

monic frequencies as well as the fundamental
frequency of the crystal. Referring to the cir-
cuit diagram of Fig 1029, a 6V6 Tri-tet oscilla-
tor operating with 300 volts on the plate and
150 on the screen furnishes adequate excitation
for the 807 buffer-doubler. The final amplifier
makes use of a 75T in this instance, although
the layout is satisfactory for other tubes of
similar rating and terminal arrangement.
Parallel feed is used in the oscillator circuit to
permit grounding the tank condenser.

Instead of the usual air variable condenser
for the cathode tank condenser C;, a mica
trimmer-type condenser is mounted in each of
the plug-in cathode coils L; and thus this tun-
ing control is eliminated. To obtain a satisfac-
tory impedance match between the plate cir-
cuit of the 807 and the high-impedance grid
circuit of the 75T, it is necessary to tap the
plate of the 807 down on the tank coil. Should
another type be used in the final amplifier, a
different coupling adjustment may be required
for maximum excitation. An amplifier with a
low-impedance grid may require tapping the
amplifier grid down on the driver tank coil in-
stead of the driver plate. Since a high-voltage
connection is made to the rotors of the split-
stator condenser, a well insulated shaft cou-
pling is required.

Screen voltage for the doubler is obtained
from a separate voltage divider to reduce
fluctuations in oscillator plate voltage with
tuning of the 807. In this stage, as well asin the
oscillator plate circuit, the tank condenser
specified has a sufficient capacity range to per-
mit covering two adjacent bands without coil
changing. This is a thoroughly practical and
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convenient method of band-changing between
1.75 and 3.5 and between 3.5 and 7 Mc. The
L/C ratio becomes so low in covering 7 to 14
Me. and 14 to 28 Mc., however, that high cir-
culating tank currents cause excessive coil
heating, except at very low power, unless un-
usually heavy coils are used. In this instance,
separate coils for 14 and 28 Mec. are recom-
mended for the buffer-doubler stage.

The condenser spacing specified for Cjy
is conservatively adequate for 100 per cent
modulation at 1500 volts. The condenser pro-
vides adequate capacity for all bands including
the 1.75-Mec. band. (If the Johnson coil de-
signed 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 uufd.; the Cardwell type
JD80-0S or a similar condenser should be satis-
factory.) For a lowest frequency of 7 Mc., a
tank condenser of 100 uufd. per section with
the spacing specified could be used. (Johnson
100ED30.)

Series plate feed was found to be essential
in the final amplifier because no available r.f.
choke was found adequate at 28 Mec. If opera-
tion 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 oscilla-
tor or buffer-doubler keying. The latter is
recommended whenever break-in operation is
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Fig. 1028 — The final plate
tank condenser of the 250-watt
transmitter is insulated from the
chassis by button-type feed-
through insulators at front and
rear. 1t should be 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. The tank-
coil strip is supported by small
stand-off insulators on a strip of
Presdwood fastened to tbe con-
denser frame. The neutralizing
condenser is in front of the 75T.
The mica condenser Cs is fastened
to the tank-condenser end plate
and the coupling condenser Cr is
supported by a small stand-off at
the rear of the buffer tank con-
denser. The latter is mounted on
84-in. coneinsulators with spacers
and brackets to bring the shaft up
level with 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 agssembly.

not required. Keying of the buffer-doubler
eliminates the necessity for a source of fixed
bias for the 807 and invariably results in supe-
rior keying characteristics.

It will be noticed that the plate meters are
placed in the negative return leads for the pur-
pose of reducing danger. These meters, of
course, read total space current which includes
grid and screen currents as well as plate cur-
rent. 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 cath-
ode 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 connect-
ing 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 con-
denser in the coil form, a 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.



Crystal Mounting

The crystal mounting is made from a strip of
1{¢-inch aluminum 3 inches wide and 15 inches
long. Starting at one end of the strip, lines are
marked across the strip at ¥4 inch, 113{¢ inches,
234 inches, 43{¢ inches, 514 inches, 61{¢ inches,
7% inches, 813{4 inches, 934 inches and 1414
inches from the end. Longitudinal lines are then
drawn the length of the strip 14 inch, 234,

807

Transmitter Construction

inch and 13{¢ inches from each edge. This will
serve to mark the centers of all required
mounting and clearance holes for the Hammar-
lund crystal sockets. The mounting screws
take a No. 33 hole and the clearance holes are
3{¢-inch diameter. After the holes have been
drilled, the strip is bent at the l4-inch, 514-
inch, 934-inch and 144-inch lines which are
scratched deeply to assist in the bending.
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Fig. 1029 — Circuit diagram of the 250-watt transmitter.

C1 — 260 uufds. max. mica trimmer- plate

spacing 0.075 in.

Ci0 — 0.01-4fd. paper, 600 volts.

type cathode tuning con-
denser (mounted in coil
form, sce text) (Hammar-
lund CTS-160).

Ca — 250 ppfds. max. midget vari-
able (Hammarlund MC-
250M).

C3 — 260 uufds. max. plate spacing
(])3.03 in. (Cardwell MR260-

C4—200 p;‘fds. max. per section,

(Johnson 200ED30) (see
text suggestions for higher
frequency-bands).

Cs — 0.001-.fd. mica, 500 volts.

Ce — 0.0001-4fd. mica, 500 volts.

C7 — 0.0001-ufd. mica, 2500 volts
(Aerovox).

Cs — 0.001-.fd. mica, 5000 volts
(Aerovox).

Cp — Neutralizing condenser (Na-
tional NC800).

Ri1 — 0.1-meg., 1-watt, non-induc-
tive (not marked).

Rz — 50,000 ohms, 1-watt, non.
inductive (see text).

R3 — 10,000 ohms, 2-watt.

R4 — 10,000 ohms, 10-watt.

Rs — 10,000 ohms, 25-watt.

Res — 30,000 ohms, 10-watt.

R7 — 15,000 chms, 10-watt.

RFCi1 — Receiving-type r.f. choke, 2.5 mh. (National or
Hammarlund).
RFC3 —1 5Tdt'illnsmitting-type r.f. choke (National R.

S — 11-point tap switch (Mallory type 1311L).

T1— Filament transformer, 6.3 v., 2 a. (Thordarson
type T19F81).

T3 — Filament transformer, 5 v., 8 a. (Thordarson type
T19F84).

L1 — 1.75-Mec. crystal — 30 turns No. 22 enam., 134 in.
diam.,, turns close-wound.

3.5-Mec. crystal — 10 turns No. 22 enam., 134 in.
diam., 1 in, long.

7-Me. crystal —7 turns No. 22 enam., 114 in.
diam., 1 in, long.

Lz — 175 to 3.5 Mc. — 30 turns No. 22 enam., 114 in.
diam., 1 in, long.

3.5 to 7 Mec. —18 turns No. 22 enam., 14 in.
diam., 114 in. long.

7 to 14 Mc. — 8 turns No. 22 enam., 114 in.
diam., 11{ in. long.

L3 —1.75t0 3.5 Mc. — Barker & Williamson type M-80
with 15 turns removed, tapped at 10th turn
from the plate end. Inductance — 27 phy. Coil
same as La may be substituted. Tap at approxi-
mately 8th turn from plate end.

3.5 to 7 Me. — B&W type M-40 with 8 turns re-
moved, tapped at 5th turn from plate end.
Inductance — 8 phy. Coil same as La, tapped

at 6th turn from plate end may he substituted.

14 Mc. — B&W type M-20, tapped at 3rd turn
from plate end. Inductance — 2.8 phy. Coil of
10 turns, 115 in. diam., 114 in. long, tapped at
3rd turn from plate end may be substituted.

28 Mc. —B&W type M-10, 1 turn removed,
tapped 1 turn from plate end. Inductance —
0.6 xhy. Coil of 4 turns, 114 in. diam., 115 in.
long, tapped at 1 turn from plate end may be
substituted.

L4 —1.75 Mc. — Johnson type 684 coil. (NOTE: This
coil requires additional padder condenser as
mentioned in text.) Coil of 50 turns No. 18 d.c.c.,
214 in. diam., 4 in. long including 34-in. space
at center may be substituted, and will not
require padder.

3.5 Mc. — Johnson type 663 coil. Coil of 34 turns
No. 16, 24 in. diam., 4 in. long including }4-in.
space at center may be substituted.

7 Mc. — Johnson type 662 coil. Coil of 20 turns
No. 12, 234 in. diam., 4 in. long including 14-in.
space at center may be substituted.

14 Mc. — Johnson type 661 coil. Coil of 10 turns
No. 12, 2}4 in. diam., 3 in. long including V4.in.
space at the center may be substituted.

28 Mc. — Johnson type 660 coil. Coil of 6 turns
No. 12, 2%{ in. diam., 314 in. long including
L4-in, epace at the center may he substituted.

NotE: Spaces above are for link windings.
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The 11-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 44
inches up from the bottom edge to balance the
shaft of the tank condenser of the final am-
plifier.

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 re-
moved and 300 volts under recommended
operating conditions. If batteries are used, the
biasing is simply a matter of connecting a
4000-ohm leak in series with the negative-
terminal 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 in-
stances. 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 re-

EXCITER TUNING TABLE

Xtal Output
Freq. Freq. Iy L2 L3 Cq C3
*1.75 1.75 1.75 1.75-3.5 1.75-3.5 high high
175 3.5 1.75 1.75-3.5 1.75-3.5 high low
*175 3.5 1.75 1.75-3.5 1.75-3.5 low low
*1.75 7 1.75 1.75-3.5 3.5-7 low low
*3.5 3.5 3.5 1.75-3.5 1.75-3.5 low low
3.5 3.5 3.5 3.5-7 1.75-3.5 high low
35 35 35 3.5-7 3.5-7 high high
3.5 7 3.5 3.5-7 3.5-7 high low
*3.5 7 3.5 3.5-7 3.5-7 low low
3.5 7 3.5 7-14 3.5-7 high low
*3.5 14 3.5 3.5-7 14 low low
3.5 14 3.5 7-14 14 high low
7 7 7 3.5-7 3.5-7 high low
*7 7 7 3.5-7 3.5-7 low low
7 7 7 7-14 3.5-7 high low
7 14 7 3.5-7 14 low low
*7 14 7 7-14 14 high low
7 14 7 7-14 14 low low
.7 28 7 7-14 28 low low

quired to make it satisfactory, An r.f, choke
should replace Rs and the return connected to a
point about 24 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
0.01-ufd. 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 pro-
vided with three sliders for adjusting the bias-
ing 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 R, 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 Mc. Each oscillator plate tank coil is de-
signed to cover two adjacent bands for con-
venience in changing bands. Only two coils, the
first and last, need be wound if frequent change
between 3.5 and 7 Mec. is not required. Like-
wise, 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 os-
cillator will double frequency as well as the
doubler itself, so that it is possible to go to
7-Mec. output from a 1.75-Mec. crystal, 14 Mec.
from a 3.5-Me. crystal or to 28 Mec. from a
7-Mec. 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
sockets are toward the front. The sockets
for the 807 and 75T are dropped an inch
or 5o below the top of the chassis in long
screws with spacers. The 6.3-volt filament
transformer is mounted near the 807
socket and the 5-volt transformer at the
right. The pin-jack type terminal strip
is mountcd on small angles behind a long
slot cut in the rear edge of the chassis.
The jack-top feed-through is the positive
1500-volt terminal. It should be pro-
tected with a rubber-tubing sleeve after
conncction has been made. The chassis is
10 in. by 17 in. by 3 in.
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binations which may be used. Cer-
tain combinations should be selected
(such as those marked with an aster-
isk) 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, C; and C; should be turned near

Transmitter Construction
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minimum or maximum capacity, de-
pending upon the frequency desired
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in these circuits. Make certain that the
crystal switch is turned to connect in
the desired crystal and turn the ad-
justing screw of the cathode-circuit
condenser as far as possible in a clock-
wise 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 cir-
cuit (recommended for initial test),
none of the meters should indicate
current flow with the key open. With
the key closed, the oscillator plate cur-
rent should be 20 to 30 ma. if the cir-
cuitis not oscillating, dropping to about
15 ma. when oscillating. Adjusting
the oscillator plate tank condenser
should cause a slight dip in oscillator
plate current and a high swing in plate
current to the 807 at some point. If
this is not obtained at any setting of
C3, the oscillator plate current will probably be
running high. With the key closed, the adjust-
ing screw of the cathode condenser should be
turned slowly counterclockwise until the oscil-
lator plate current takes a sudden drop. Tuning
the plate condenser should then develop two
points where plate current will flow to the 807,
one near maximum capacity of Cz and one near
minimum capacity. If only the former is found,
a turn or so should be removed until both are
found. If, on the other hand, only the one near
minimum is found, a turn or two should be
added. The key should be closed only for short
intervals until the tank circuit of the 807,
L3C3, is tuned to resonance as indicated by a
dip in plate current.

Adjusting the Cathode Tank

Now tune the plate circuit of the oscillator
to the second harmonic of the ecrystal fre-
quency, making sure that a coil tuning to this
harmonic frequency or double this harmonic
frequency is in the plate circuit of the 807.
(In the case of 3.5-Mec. crystals, either coil
covering 7 Mec. will do.) Tune the plate cir-
cuit for maximum 807 grid current and then
adjust the cathode condenser also for maxi-
mum grid current. Any grid current value
between 2 and 5 ma. should be satisfactory.

KEY
..r.—'1 l

OSCILLATOR KEYING

'J

- - +
aov BIAJ l 1500V, J

BUFFER-DOUBLER KEYING

I 600V, l

Fig. 1031 — Terminal and meter connections for the 250-watt
transmitter, for oscillator keying or for buffer-doubler keying.

With the oscillator cathode circuit tuned cor-
rectly, the off-resonance plate current of the
807 will run between 125 and 150 ma., drop-
ping to 60 to 100 ma. at resonance, depending
upon frequency. If the oscillator plate circuit
is tuned to the crystal fundamental, it should
not be tuned too close to resonance to permit
ready starting and stopping of crystal oscilla-
tion. Tuning the 807 plate circuit to resonance
should cause grid-current flow to the final
amplifier. This current should run between 35
and 50 ma., depending upon frequency.

The final amplifier is neutralized and tuned
as described in Chapter 14. With a 1500-volt
plate supply, no difficulty should be experi-
enced in lighting the 150-watt lamp dummy
load to more than normal brilliancy on all

bands.

Checking Voltages and Currents

With the final amplifier running with the
lamp dummy load, various voltages and cur-
rents should be checked. The voltage of the
plate supply for the exciter should be as close
to 600 as possible, The voltage dividers recom-
mended will then provide voltages close to the
following values: oscillator plate, 300 v.; oscil-
lator sereen, 150 v.; 807 sereen, 300 v.

A check should be made on the biasing volt-
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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 ma. If the voltage is
300 or higher but the grid current less than 25
ma., the slider on the bias-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 ma. Corrections may
be made by adjustment of the slider on the
biasing resistor. 1f it is now found that the
biasing voltage with the key open is insuffi-
cient 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 con-
ditions and readjustments made if required. Tt
is preferable that these biasing adjustments be
made at the highest frequency to. be used.

Fig. 1033 — The plate tank-coil
jack strip of the 450-watt push-
pull amplifier is fastened to the
tank-condenser frame with strip-
metal brackets. The assembly,
mounted on %§-in, stand-off in-
sulators is placed at the center of
the chassis as far to the left as
possible. The condenser shaft is
extended at right angles through
the bearing in the center of the
chassis by means of two Millen
45-degrec shaft joints connected
together by ashortlength of bake-
lite shafting. The sockets for the
812’ arc sub.mountcd on the
6-by-8.in. partition 314 inches up
from the chassis and 174 inches
from each edze and are orientated
s0 that ur~ piates of the tubes will
be n a ve: ticat nlanc when in use.
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Fig. 1032 — A 450-watt push-pull ampli-
fier of dish-type construction suitable for
812%, T55%, 35T’s, 808’s, RK51’, HY51’s,
HK154’s or other tubes of similar style
operating at plate voltages of 1000 to 1500.
The meter switch is at the right, the control
for the plate tank condenser at the center
and the grid-circuit control at the left. The
panel which is 83{ by 19 in. is (itted with
panel bearings for the condenser-shaft cxten-
sions. I'tis fastened to the chassis by flat-hcad
screws aftcr the bottom edges of the chassis
have been drilled and tapped.

Final-amplifier grid current at the lower fre-
quencies may then be held to & maximum of 30
ma. by tuning of the oscillator plate tank cir-
cuit. In cases where the 807 is keyed and grid-
leak bias only is used, any grid current between
3 and 8 ma. should give satisfactory perform-
ance,

In the tests which were run at 28 Mec., the
manufactured coil developed considerable heat
when allowed to operate continuously for ap-
preciable periods. This is, of course, rather to
be expected with coils wound on solid forms
when operated at the higher frequencies. Al-
though 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 any un-
tuned line of impedance up to 600 ohms. When




Fig. 1034 — Wiring diagram of the 450-watt push-
pull amplifier.

Ci — 100 uulds. per section (Hammarlund MCD-
100M

Cz — 100 uufds. per section (Cardwell MT100GD),
0.07-in. spacing.
Cs — 500 wufds. mica, 600-volt.
Cs — Neutralizing condenser (Hammarlund N10).
Cs — 0.01-xfd. paper, 600-volt,
Cs — 0.002-ufd. mica, 5000-volt.
R, R1 — Grid leak, 6000 ohms, 10 watts.
Rz — Grid-current meter shunt, 25 to 50 ohms, 2-
watt.
R3 — Same as Rz.
R4 — Cathode-current meter shunt. See text.
Rs — Same as Rq.
L; — National AR series coils with center link (vari-
able-link type recommended).
Substitute coils may be wound on 1}4-in. diameter
forms as follows:
3.5 Mc. — 44 turns, 2 in. long.
7 Mc. — 22 turns, 2 in. long.
14 Mc. — 10 turns, 114 in. long,
28 Mc. — 6 turns, 134 in. long.
Lz — Barker and Williamson TL scries with center links.
Substitute coils may be wound as follows:
3.5 Mc. — 36 turns, 2%4-in. diam., 4 in. long.
7 Mc. — 18 turns, 2}4%-in. diam., 4 in. long.
14 Mc. — 10 turns, 214-in. diam., 3 in. long.
28 Mc. — 6 turns, 214.in. diam., 3 in. long.
SW — Mallory 2-gang, 6 position switch.
Filament transformers — 6.3 v., 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. (Btb. 3.)

® COMPACT 450-WATT PUSH-PULL
AMPLIFIER

The photographs of Figs, 1032, 1033, 1035
and 1036 show an amplifier designed along the
lines of the type of construction often referred
to as ‘““dish-type.”” This type of construction
has many advantages, although 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 eoils — a con-
dition almost impossible to approaech in the
usual form of construction with metal panels
and side brackets. Plug-in coils are made much
more accessible for changing and the direction
of “pull” in removing coils is 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 re-
duced. 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

Transmitter Construction
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except in the method of metering where a de-
parture is made from usual practice. By means
of the two-gang six-position switch, it is possi-
ble to measure the individual grid and cathode
currents of each tube as well as total grid
or total 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 carefully adjusted to provide a scale multi-
plication of ten. The full-scale readings when
the meter is shifted to the cathode circuits will
then be 1000 ma. 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 Y/’ diameter rods of insulating com-
position. The total length of wire required for
each of the resistances is about three feet.
The exact length can be determined quite eas-
ily 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 form-
ing the long wires between the neutralizing
condensers and the tank-condenser stators, the
lengths should be made identical, The wire
connecting to the rear condenser stator should
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go directly in a straight line, while the one go-
ing to the front stator section may be bent to
make up for the difference in distance between
the neutralizing condensers and the two sta-
tors. 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 con-
denser 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 ex-
citation 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 ter-
minals and feed-through points in the chassis
which carry the biasing leads inside to the in-
dividual grid leaks. Filament wires are run
through 24’ holes lined with rubber grommets.

Inside the chassis, the leaks and meter-
shunting 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 flat-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-
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Fig. 1035 — The grid-circuit components of the 450-
watt amplifier are 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 the shield between the
stators is removed. The ceramic terminal strip is_for all
external connections except for positive high voltage for
which a special safety terminal is provided. A large
clearance hole should be cut in the chassis for the con-
denser 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 in-
sulating 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.



bias against failure of excitation, the grid-leak
resistance of each tube should be adjusted so
that the total grid voltage under operating con-
ditions will be not less than 125 volts without
exceeding the maximum grid-current rating of
25 ma. per tube when the amplifier is loaded to
rated plate current.

® A 450-WATT BAND-
SWITCHING PUSH-
PULL AMPLIFIER

The photographs of Figs.
1037, 1038, 1040 and 1041
illustrate a 450-watt push-
pull band-switching ampli-
fier capable of handling a
power input of 450 watts at
1500 volts for c.w. operation
or 375 watts with plate mod-
ulation. 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-cir-
cuiting turns of both plate
and grid coils by means of
tap switches. Any three ad-
jacent bands may be covered
in this manner. By plugging
in another pair of coils, a
second set of three adjacent

Transmitter Construction

bands may be covered. Thus, the 1.75-, 3.5-
and 7-Mec. bands may be covered with one
pair of coils, the 3.5-, 7- and 14-Mec. bands
with another pair and the 7-, 14- and 28-Mec.
bands with a third pair.

A plug-in fixed air condenser is required for
the plate circuit for the 1.75-Mec. band. The

Fig, 1037 — The panel of the band-switching amplifier is 1014 inches by 19
inches. The dials control the plate- and grid-tank condenscrs. 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 band switch. The grid hand
switch knob is to the right.

plug-in jack baseis 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 1.75-
Me. band. When the coil covering
this band is not used, the fixed
condenser should be removed, or it
may be omitted entirely, if opera-
tion in this band is not desired. The
grid circuit likewise requires pad-
ding at 1.75 Mec., but here a 15-
uufd. condenser may be connected
permanently across the fourth set
of switch contacts which are not
used for other bands. C¢-Ls and
C1o-L4 are parasitic traps to elimi-
nate ultra-high-frequency parasitic
oscillation. Fixed-link coupling is
used at the input, with variable-
link 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 ehassis
respeetively. The parasitic traps are self-supporting between the grid-
tank.condenser terminals and the grid terminals of the tubes. The
eontrols of both tank eondensers must be well-insulated from the shafts,

Construction

The plate tank-circuit compo-
nents 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
27% inches high so that the variable-link con-
trol shaft will clear the Ohmite switches by a
half-inch or so. The switch units are mounted
on l-inch cone insulators after their mount-
ing brackets have been revamped to bring
the shafts 114 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 34-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 un-
der the chassis. The plate tank condenser is
mounted on 1Y4-inch cone insulators just to
the right of the tank coil. The plate r.f. choke
and a feed-through insulator for the high-volt-
age lead are placed beneath the coil mounting.
The by-pass Cj 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-

Output
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Fig. 1039 — Circuit diagram of the 450-watt band
switching amplifier.

C1 — 100 puufd. per section, 0.07-in. plate spacing
(Hammarlund HFBD-100-E).

Cz — 150 uufd., plate spacing 0.05-in. (Hammarlund
HFB-150-C).

Cz — 50-uufd. fixed air padder for 1.75 Mec., spacing
0.17 in. or greater (see tcxt) (Cardwell JCO-
50-08).

C4¢ — 15-pufd. padder for 1.75 Mec., 0.05-in. spacing
(see text) (Hammarlund HFA-15-E).

Cs — 0.001-xfd. mica, 7500-volt (Aerovox 1623).

Ce — 0.01-pfd. paper.

C7, Cs — Neutralizing condenser (National NC800).

Co, Ci0 — Isolantite mica adjustable trimmer, 20-100
ppfd. (Mallory CTX954).

C1, Ci1z3 — 0.01-xfd. paper.

RFCi — 1-mh. r.f. choke, 600-ma. (National R154).

RFCz2 — 2.5-mh, r.f. choke (Millen).

SW; — Ganged sections of Ohmite ham-band switch
(3-position).

SWs — Ganged sections of Mallory ham-band switch
(4-position) (type 162C).
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circuit components are grouped, The tank
condenser is mounted on 114-in. cone insula-
tors to bring its shaft level with that of the
plate tank condenser and placed on the
chassis g0 that the two shafts will come at equal
distances from the ends of the chassis, Sim-
ilarly, the grid switch is mounted on a 1l-in.
cone insulator after a metal bracket has been
fashioned to bring the shaft 21{ 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 pri-
marily for use with a multi-section tank con-

Ty — 7.5-volt, 6-amp. filament transformer
(Thordarson T19F94),

L — For 1.75-, 3.5- and 7-Mc. bands — 60
turns No. 16, 534-in. long, 2 Y4-in.
diam., tapped at the 7th and 16th
turn each side of center (B & W
TVH-160) (90 shy., 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-Mc. bande — 38
turns No. 14 5}4-in. long, 214-in.
diam., tapped at the 4th and 9th
turn each side of center (B & W
TVH-80) (35 xhy., 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
turns No. 12 54 -in. long, 24-in.

diam., tapped at 2nd and 5th turns each side
of center (see text for alterations) (B & W TVH-

40) 13 ghy., tapped each side of center at ap-

prox. ¥ and 514 of total numbher of turns in

each half. (See text on adjustment.)

Lz — For 1.75-, 3.5- and 7-Mc. bands — 52 turns, 2-in.
long, 114-in. diam., tapped at 9th and 17th
turns each side of center. (Coto CS160C) (56
uhy. 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, 1}4-in.
long, 114-in. diam., tapped at 5th and 9th turns
from each side of center. (Coto CS80C) (17
shy., tapped each side of center at 5/13 and 9/13
of total number of turns in each half).

For 7-, 14- and 28-Mec. bands — 16 turns 173-in.
long, 114-in. diam., tapped at 1st and 3rd turns
each side of center. (Coto CS40C) (5 shy.,
tapped each side of center at 34 and 3% of total
number of turns in each half).

Ls, Ly — 8 tarns No. 12, Y4-in. inside diam., 1}§-in.
long.

)
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denser. They are provided
with four extra plugs which
are used, in this case, for the
short-circuiting taps. The
coil eovering 7, 14 and 28
Mec. requires 'slight altera-
tion, however. Two turns on
each side of center are cut
free from the supporting
strips and left self-support-
ing, otherwise the coil heat
usually developed at 28 Me.
may be sufficient to ruin the
base strip. At the same time,
these two turns on each side
should be reduced in diam-
eter to 174 inch. This may
be done quite readily by un-
soldering the central ends,
twisting the turns to the
smaller diameter and cutting
off the excess wire. While

Transmitter Construction

the lower-frequency taps
may be soldered, it is ad-
visable to use clamps on the
wire for the 28-Me. taps. Johnson coil clips are
just right for the purpose.

Since grid coils are unobtainable with suffi-
cient pins in the mounting, the taps for the
grid coils are brought out to a 5-prong Millen
coil-mounting bar (Type 40205). A plug-in
socket for the bar is sub-mounted in back of
the coil socket.

Wiring

-All of the wiring, excepting the power wiring
underneath the chassis is done with No. 14
tinned bus wire. In all possible cases, connec-
tions are made with short straight sections of
wire running directly from point to point. Of
importance are the leads to the tube grids and
plates. The leads to the tank condensers and
those to the neutralizing condensers are kept
entirely separate; at no point are these leads

b

Fig. 1040 — Grid-circuit cnd of hand-switching push-pull amplifier showing
switching arrangement and the 1.75-Me. padder.

common. This practice helps in the prevention
of parasitic oscillations. The grid by-pass con-
denser is mounted close to the grid-coil socket.
Millen safety terminals are used for the bias
and high voltage.

Tuning

The first step in adjusting the amplifier is
that of setting the bias. If T55's are used, a 90-
volt battery with 2000-ohm grid leak in series
may be connected across the biasing terminals
or, if a pack is used, it should be adjusted so
that 90 to 150 volts from the pack appear across
a 4000-ohm grid-leak section (see Chap.
Eleven). Either of the 807 exciters previously
described will supply adequate excitation. The
only alteration is in the 807 plate coil for 28 Me.
which should be reduced by one turn to pro-
vide a higher-C circuit for better matching.

Fig. 1041 — The chassis for the band-
switching amplifier is 10 inches by 17
inches by 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 by-
pass condcnsers are soldered to the
terminals of the fibre lug strip to which
the filament transformer terminals
are anchored.
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Before excitation is applied, the
two condensers Cgq and Cyg should be
set at maximum capacity. With exci-
tation applied and plate voltage off,
grid current to the amplifier should
run between 60 and 90 ma. Make
certain that the coil switches are set
at the appropriate points. The am-
plifier 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 ma.,
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 wind-
ing 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 per-
fectly stationary. If a point is found
where a sudden change in plate cur-
rent takes place, Cg and Cyoshould be adjusted,
bit by bit, until the variation in plate current
disappears. Cy and Cjo should be set as close
to maximum ecapacity as possible and yet
eliminate the parasitic.

Normal biasing voltage may now be replaced
and the amplifier tuned up and loaded. For
c.w. operation, the output should exceed 300
watts when operated at the maximum rated
input of 1500 volts, 300 ma. With plate modu-

Fig. 1043 — Rear view of the 1-kw. amplifier showing wiring and
placement of parts.

lation, the plate current should be reduced to
250 ma. and the output should exceed 250
watts. The amplifier will operate satisfactorily
with grid current of 40 to 70 ma. with the
amplifier loaded. The maximum rating of 80
ma. for the two tubes should not be exceeded.
Reference should be made to the tube tables
of Chapter 20 for operation of other tubes.

@ PUSH-PULL 1-KW. AMPLIFIER
The push-pull amplifier shown in

the photographs 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 output-
coil mounting is provided with varia-
ble-link coupling. LsC3 and LsC4 form
traps against u.h.f. parasitic oscilla-
tion. A multi-section plate tank
condenser provides & low-minimum
capacity for operation at the higher
frequencies and a high maximum for
the lower frequencies.

Construction
The plate tank condenser is mount-

ed on 1Y4-in. cone insulators. The
rotor is grounded through a high-

Fig. 1042 — The panel for the l.kw. push-pull amplifier is 14

inches high hy 19 inches wide.
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voltage fixed condenser at the front
end of the condenser. The shaft is cut
off and is fitted with a large isolantite



flexible shaft coupling. This is important since
the rotor is at high voltage. A panel-bearing as-
semblyis 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 34-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 314-in. from the chassis
edges. The jack bar for the grid tank coil is
mounted on ‘‘U”’-shaped brackets made from
14-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 r.f. choke is mounted on a
feed-through insulator carrying the biasing
voltage up through the chassis. The grid by-
pass condenser is soldered between the top of
the choke and the rotor ground connection.

The two tubes are mounted centrally in re-
spect 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
54-in. spacers to bring the plate terminals
lower. The parasitic-trap condensers and coils

Fig. 1044 — Circuit diagram
for the l.kw. push-pull amplifier.
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are self-su