—The NADIO
AMATEURY
HANDD @K

A MANUAL OF AMATEUR
HIGH-FREQUENCY RADIO COMMUNICATION

Bublished by the

AMERICAN RADIO
RELAY LEAGUE
PRICE $1.00

World Radio History






THE

RADIO AMATEUR’S

HANDBOOK



WIMK, THE HEADQUARTERS STATION OF THE A.R.R.L. AT HARTFORD, CONN.

These views of power supplies and operating position show good station ar-
rangement. Note the neatness and accessibility of every piece of apparatus.
High voltage d.c. is obtained from a motor-generator and a mercury-arc
rectifier and filter, with facilities also available for using mercury-vapor
rectifiers. Fuses, relays, batteries, and charging equipment are all in the
power-supply room. The single-signal receiver is in front of the operator,
key and controls at his right hand, message file box and telephone at his
left. At his right side are monitor, electron-coupled frequency meter, and
an automatic tape transmitter for sending Official Broadcasts to A.R.R.L.

members. On the table is the 3500-4000-kc. band transmitisr uring two
Type 04-A tubes in a self-excited T.P.T.G. circuit. The panel transmitter
below works on the 7-mc. and l4-mec. bands. Thisisa rontrolled-tempera-
ture crystal-excited set terminating in a Type 61 tube. Two-wire voltage
(Zeppelin) feed is used to separate antennas for the two transmitters,and a
separate receiving antenna facilitates *“*break-in’’ work.

WIMK is a very busy station but is always ready for a call from any
‘“ham.” See page twelve for the schedule of regular transmissions of
addressed information to A.R.R.L. members
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FOREWORD

IN PRESENTING 2 twelfth edition
of The Radio Amateur’s IHHandbook the publishers
again express the hope that it will be found as
helpful as the previous editions and enjoy as
whole-hearted a reception at the hands of the
amateur fraternity.

The Handbook is intended both as a reference
work for member-operators of the American
Radio Relay League and other skilled amateurs
and as a souree of information to those wishing
to participate in amateur radio activities but
having little or no idea how to get started. The
ehoice and sequence of material have been
planned with particular thought to the needs of
the beginning amateur but each subject has been
developed to embrace the most modern amateur
practice in that particular department of activ-
ity. Designed to be a practical rather than a
theoretical work, theoretical discussions have
heen made as simple and fundamental as possible
and the chief effort directed at practical means for
seeuring results — which, after all, is the prin-
cipal aim of the amateur in radio,

In 1925 Mr. Franeis Edward Handy, for many
vears the lLeague's eommunications manager,
commenced work on a small manual of amateur
operating procedure, at the direction of the
A.R.R.L. Executive Committee, It was deemed
desirable 1o include a certain amount of “tech-
nical” information, since an amateur’s results
are so greatly influenced by the disposition and
adjustment of his apparatus. When Mr, Handy
completed his manuscript he had written a con-
siderable-sized hook of great value. It was pub-
lished in 1926 and enjoved an instant success.
Three suceessive editions were revised hy Mr,
Handy as reprinting hecame necessary.

Throughout. the vear 1928 the League con-
ducted a technical development program at its
headquarters laboratory for the purpose of
developing new apparatus and methods which
would overcome the handicaps of reduced space
in the radio speetrum which were to hecome
effective upon the radio amateur at the beginning
of 1929, by virtue of the then newly-signed inter-
national radio treaty. The modified technique and
equipment whieh resulted from this technical
development program naturally ealled for a com-
plete revision of the technical ehapters of the
Handbook. Indeed, the rapid technical progress
during that and the succeeding years has de-
manded eonstant and comprehensive re-writing
and revision of the technieal material.

In the headquarters establishment of the
League at West Hartford there are many tech-

nieally skilled amateurs, each a speeialist in his
own field. It is only natural that the preparation
of the technieal chapters of the Handbook should
have fallen into their hands and that the publi-
cation should have become the family affair
which it now is.

To a total of sixteen printings the fame of the
Handbook has echoed around the world. More
than a quarter of a million eopies have been
distributed at this writing. Its success has heen
really inspiring. Quantity orders have come from
many a foreign land; schools and teehnieal classes
have adopted it as a text; but most important of
all, it has beecome the right-hand guide of prae-
tical amateurs in every country on the globe. But
amateur radio moves with amazing rapidity and
the best practices of vesterday are quiekly super-
seded by the developments of to-day. The very
suceess of the book as a publieation brings a new
responsibility to us, the publishers — the Hand-
hook must be kept up to date.

Because the vear 1934 has again seen further
revolutionary changes in transmitting and reeeiv-
ing equipment and many revisions in lieensing
procedure it has been necessary again to under-
take a eomprehensive revision for this edition.
Many of the chapters have been entirely re-
written. All of them have been thoroughly
modernized in the light of eurrent amateur
praetice. The edition represents the collaboration
of many members of the A.R.R.L. staff. The
opening chapter is from the pen of Mr. A, L.
Budlong, the assistant secretary of the League.
Mr, Handy, our communications manager, has
prepared the chapters on the A.R.R.L. Com-
munications Department, on operating a station
and on message handling. Mr. James J. Lamb, the
technical editor of QST and Mr. George Gram-
mer, the assistant technical editor, have col-
laborated in the preparation of the chapters on
receivers and radiotelephony. Mr, Grammer has
produced the re-written chapter on transmitters
and the revised chapters on power supply, keying
and frequency measurement. In the re-writing
and revising of the remaining ehapters, almost
all members of the League’s staff have had some
hand.

We shall all feel happy if the present edition
brings as much assistance and inspiration to
amateurs and would-be amateurs as have its
predeecessors.

ROSS A, HULL

EDITOR

WesT Hartrorp, November, 1934
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THE AMATEUR’S CODE

Vi

The Amateur is Gentlemanly. e never Knowingly
uses the air for his own amusement in such a way as
o lessen the pleasure of others. Ie abides by the
pledges given by the \.R.R.L. in his behalf to the
public and the Government.

The Amateur is Loval. e owes his amateur radio to
the American Radio Relay League, and he offers it his
unswerving lovalty.

The Amateur is Progressive. lle Keeps his station
abreast of science. It is built well and efficiently. lis
operaling practice is clean and regular.

The Amatear is Friendlv. Slow and patient sending
when requested, friendly advice and counsel to the
hegimmer, kindly assistance and cooperation for the
broadeast listener; these are marks of the amateur
spirit.

The Amateur is Balanced. Radio is his hobby. He
never allows it to interfere with any of the duties he
owes (o his home, his job, his school, or his com-
munity,

The Amatenr is Patriotic. is knowledge and his
station are always ready for the service of his country
and his community.
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The RADIO AMATEUR

CHAPTER ONE

THE STORY OF AMATEUR RADIO

AMATEI'R radio represents, to
upwards of fifty thousand people, the most
satisfying, most exciting of all hobbies. Forty
thousand of these enthusiasts are loeated in the
United States, for it is this country which gave
birth to the movement and whieh, sinee the be-
ginning, has represented its stronghold.

When radio broadeasting was first introdueed
to the public a few vears ago it instantly eaught
the fancy of millions of people all over the world.
Why? Beeause it fired their imagination - be-

ause it thrilled them to tune in ona program direet
from some distant point, to hear speeeh and music
that was at that moment being transmitted from
a eity hundreds and even thousands of miles
away. To be sure there was also a eertain amount
of entertainment value, and it is true that as the
vears have passed this phase has beeome upper-
most in the minds of many listeners; vet the
thrill of “dx’" is still a major faetor in the minds
of hundreds of thousands of people, as witness
the present growing popularity of international
short-wave reeeption of foreign programs,

That keen satisfaetion of hearing a distant
station is basie with the radio amateur but it has
long since heen 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 reeeiver; on the other side
is his private (and usually home-made) short-
wave transmitter, ready at the throw of a switeh
to be used in ealling and “working” other ama-
teurs in the United States, in Canada, Europe,
Australia, every corner of the globe! Even a
low-power transmitter using nothing more am-
bitious than one or two receiving-tvpe tubes
makes it possible to develop friendships in every
State in the Union, in dozens of eountries abroad.
Of eourse, it is not to be expeeted that the first
contacts will neeessarily be with foreign amateurs,
Experience in adjusting the simple transmitter, in
using the right frequeney band at the right time
of day when foreign stations are on the air, and
practice in operating are necessary before com-
munieation will be enjoyed with amateurs of
other nationalities. But patience and experienee
are the sole prerequisites to foreign contacts;
neither high power nor expensive equipment is
required.

Nor does the personal enjoyment that eomes
fromn amateur radio eonstitute its only benefit.
There is the enduring satisfaction that comes
from doing things with the apparatus put to-
gether by our own skill. The process of designing
and eonstrueting radio equipment. develops real
engineering ability. Operating an amateur station
with even the simplest equipment likewise devel-
ops operating profieiency and skill. Many an
engineer, operator or executive in the eommercial
radio field got his praetieal baekground and mueh
of his training from his amateur work. So, in
addition to the advantages of amateur radio as a
hobby, the value of systematie amateur work to a
student of almost every braneh of radio eannot
well be overlooked, An inereasing number of
radio services, each expanding in itself, require
additional personnel, technieians, operators, in-
spectors, engineers and exeeutives and in every
field a background of amateur experienece is
regarded as valuable.

A How did amateur radio start? What develop-
ments have brought it to its present status of a
highly-organized and widespread movement?

It started shortly after Mareoni had astounded
the world with his first experiments proving that
telegraph messages actually eould be sent he-
tween distant points without wires. Mareoni was
probably the first amateur — indeed, the dis-
tinguished inventor so likes to style himself even
today. But amateur radio as we think of it was
born when the first private eitizen saw in the new
marvel a means for personal communieation with
others and set about learning enough of the new
art to build a home-made station, hoping that at
least one of his friends would do the same so he
could have someone to talk to. Ohjeet: the fun
and enjovment of “wireless” eommunication
with a few friends. Urge: the thrill of DX (one to
five miles — maybe!). That was thirty-odd years
ago,

Amateur radio’s subsequent development may
be divided into two periods, the first before and
the seeond after the World War,

Pre-war amateur radio hore little resemblanee
to the art as we know it today, exeept in prineiple.
The equipment, both transmitting and reeeiving,
was of a type now long obsolete. The range of
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even the highest-powered transmitters, under the
most favorable conditions, would be scoffed at by
the rankest beginner today. No United States
amateur had ever heard the signals of a foreign
amateur, nor had any foreigner ever reported
hearing an American. The oceans were a wall of
silence, impenetrable, isolating us from every
signal abroad. Even trans-continental DX had to
be accomplished in relays. ‘‘Short waves” meant
200 meters; the entire wavelength spectrum
below 200 meters was a vast silence — no signal
ever disturbed it. Years were to pass before its
phenomenal possibilities were to be suspected.

Yet the period was notable for a number of
accomplishments. It saw the number of amateurs
in the United States increase to approximately
4,000 by 1917. It witnessed the first appearance of
radio laws, licensing, wavelength specifications
for the various services. (“‘Amateurs? — oh yes
— well, stick ’em on 200 meters; it’s no good for
anything; they’ll never get out of their own back
yards with it.”) It saw an increase in the range of
amateur stations to such unheard-of distances as
500 and, in some cases, even 1,000 miles, with
U. S. amateurs beginning to wonder, just before
the war, if there were amateurs in other countries
across the seas and if — daring thought! —it
might some day be possible to span the Atlantic
with 200-meter equipment. Because all long-
distance messages had to be relayed, it saw re-
laying developed to a fine art — and what a
priceless accomplishment that ability turned out
to be later when our government suddenly needed
dozens and hundreds of skilled operators for war
service! Most important of all, the pre-war period
witnessed the birth of the American Radio Relay
League, the amateur organization whose fame
was to travel to all parts of the world and whose
name was to be virtually synonymous with sub-
sequent amateur progress and short-wave de-
velopment. Conceived and formed by the famous
inventor and amateur, Hiram Percy Maxim, it
was formally launched in early 1914 and was just
beginning to exert its full force in amateur activi-
ties when this country declared war on Germany
and by that act sounded the knell for amateur
radio for the next two and one-half years. By
presidential direction every amateur station was
dismantled. Within a few months three-fourths of
the amateurs of the country were serving with the
armed forces of the United States as operators
and instructors,

A Few amateurs today 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 gov-
ernment, having had a taste of supreme authority
over all communications in wartime, was more
than half inclined to keep it; indeed, the war had

not been ended a month before Congress was con-
sidering legislation that would have made it
impossible for the amateur radio of old ever to be
resumed. President Maxim rushed to Washing-
ton, pleaded, argued; the bill was defeated. But
there was still no amateur radio; the war ban
continued in effect. Repeated representations to
Washington met only with silence; it was to be
nearly a year before licenses were again to be
issued.

In the meantime, however, there was much to
be done. Three-fourths of the former amateurs
had gone to France; many of them would never
come back. What of those who had returned?
Would they be interested, now, in such things as
amateur radio; could they be brought back to
help rebuild the League? Mr. Maxim determined
to find out and called a meeting of such members
of the old Board of Directors as he could locate.
Eleven men, several still in uniform, met in New
York and took stock of the situation. It wasn’t
very encouraging: amateur radio still banned by
law, former members of the League scattered no
one knew where, no League, no membership, no
funds. But those eleven men financed the pub-
lication 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 maga-
zine QST to be the League’s official organ and
dunned officialdom until the wartime ban was
lifted and amateur radio resumed again. Even be-
fore the ban was lifted in October, 1919, 0ld-timers
all over the country were flocking back to the
League, renewing friendships, planning for the
future. When licensing was resumed there was a
head-long rush to get back on the air. No doubt
about it now-—interest in amateur radio was as
great as ever!

From the start, however, it took on new as-
pects. The pressure of war had stimulated tech-
nical development in radio; there were new types
of equipment, principally the vacuum tube,
which was being used for both receivers and trans-
mitters. Amateurs immediately adapted the new
apparatus to 200-meter work. Ranges promptly
increased; soon it was possible to bridge the con-
tinent with but one intermediate relay. Shortly
thereafter stations on one coast were hearing
those on the other direct!

These developments had an inevitable result.
Watching DX come to represent 1,000 miles, then
1,500 and then 2,000, amateurs wondered about
that ole debbil ocean. Could we get across? We
knew now that there were amateurs abroad. We
knew, too, that their listening for our signals was
still fruitless, but there was a justifiable suspicion
that their unfamiliarity with 200-meter equip-
ment had something to do with it. So in Decem-
ber, 1921, the A.R.R.L. sent abroad one of our
most prominent amateurs, Paul Godley, with the
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best amateur receiving equipment available.
Tests were run, and thirty American amateur
stations were heard in Europe! The news electri-
fied the amateur world. In 1922 another trans-
Atlantic test was carried out; this time 315
American calls were logged by European ama-
teurs and, what was more, one French and two
British stations were heard on this side.

Everything now was centered on one objective:
two-way communication across the Atlantic by
amateur radio! It must be possible — but some-
how we couldn’t quite make it. Further increases
in power were out of the question; many ama-
teurs already were using the legal maximum of
one kilowatt. Better receivers? We already had
the superheterodyne; it didn’t seem possible to
make any very great advance in that direction.

Well, how about trying another wavelength,
then? We couldn’t go up, but we could go down.
What about those wavelengths below 200 meters?
The engineering world said they were worthless
— but then, they’d said that about 200 meters,
too. There have been many wrong guesses in his-
tory. So in 1922 the technical editor of QST
carried on some tests between Hartford and Bos-
ton on 130 meters. The results were encouraging.
Early in 1923 the A.R.R.L. sponsored a series of
organized tests on wavelengths down to 90 meters
and it was noted that as the wavelength dropped
the reported results were better. A growing ex-
citement began to filter into the amateur ranks.
It began to look as though we'd stumbled on
something!

And indeed we had. For in November, 1923,
after some months of careful preparation, two-
way amateur communication across the Atlantic
finally became an actuality when Schnell, 1MO,
and Reinartz, 1XAM, worked for several hours
with 8AB, Deloy, in France, all three stations
using a wavelength of about 110 meters!

There was the possibility, of course, that it was
a “freak” performance, but any suspicions in
that direction were quickly dispelled when addi-
tional 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 threat-
ened until the first of a series of radio confer-
ences partitioned off various bands of frequencies
for all the different services clamoring for assign-
ments. Although thought was still centered
on 100 meters, League officials at the first of
these conferences, in 1924, came to the conclusion
that the surface had probably only been gcratched,
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. What had worked once might work again.
Forty was given a whirl and responded by en-
abling two-way communication with Australia,
New Zealand and South Africa.

How about 20? It was given a try-out and im-
mediately showed entirely unexpected possibili-
ties in enabling an east-coast amateur to com-
municate with another on the west coast, direct,
at high noon. The dream of amateur radio —
daylight DX!

A From that time to the present represents a
period of unparalleled accomplishment. The short
waves proved a veritable gold mine. Country
after country came on the air, until the confusion
became so great that it was necessary to devise a
system of international intermediates in order to
distinguish the nationality of calls. The League
began issuing what are known as WAC certifi-
cates to those stations proving that they had
worked all the continents. More than a thousand
such certificates have been issued. Representa-
tives of the A.R.R.I.. went to Paris several years
ago and deliberated with the amateur representa-
tives of twenty-two other nations. On April 17,
1925, this conference formed the International
Amateur Radio Union —a union of national
amateur societies. We have discovered that the
amateur as a type is the same the world over.

Nor has experimental development been lost
sight of in the enthusiasm incident to interna-
tional amateur communication. The experi-
mentally-minded amateur is constantly at work
conducting tests in new frequency bands, devis-
ing improved apparatus for amateur receiving
and transmitting, learning how to operate two
and three and even four stations where pre-
viously there was room enough for only one.

As investigation of the short-wave territory
proceeded, commercial engineers finally came to
the conclusion that the lowest wavelength that
could be used particularly effectively for long-
distance communication was in the neighborhood
of 13 meters. Yet in November, 1928, an amateur
station on Cape Cod was pouring steady and
strong signals into New Zealand day after day —
on ten meters! Sponsored by the A.R.R.L., these
experimental directive transmissions were also
reported in England, Canada, and many parts of
the United States.

In 1924 first amateur experiments on five
meters showed that band to be practically worth-
less for distance transmission; signals at such
wavelengths could be heard only to ‘“horizon
range.” But the amateur turns even these appar-
ent disadvantages to use. If not suitable for long-
distance work, at least it was ideal for ‘short-
haul” communication. Beginning in 1931, then,
we have witnessed tremendous activity in five-
meter work-by thousands of amateurs all over the
country, and a complete new line of transmitters
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and receivers has heen developed to meet the
special conditions incident to communieating at
these ultra-high frequencies. The pioneer work of
the amateur in this band is showing the way for
police, airplane and other special types of service
whose requirements make the territory around
five meters ideal.

Most of the technical developments in amateur
radio have come from the amateur ranks, Many
of these developments represent valuable con-
tributions to the art. At a time when only a few
broadeast engineers in the eountry knew what
was meant by “1009 modulation” the tech-
nical staff of the A.R.R.L. was publishing articles
in QST urging amateur 'phones to embrace it and
showing them how to do it. It is interesting to
know that these articles were read as widely in
professional cireles as by amateurs with the result
that dozens of broadeast stations besieged the
League for information on how this method of
modulation could be adapted to their own in-
stallations. When interest quickened in five-meter
work, and experiments showed that the ordinary
regenerative receiver was practically worthless for
such wavelengths, it was the A.R.R.L. that de-
veloped practical super-regenerative receivers as
the solution to the receiver problem. IFrom the
League’s laboratory, too, eame in 1932, the sin-
gle-signal superheterodyne — the world’s most
advanced high-frequency radiotelegraph re-
ceiver. And in 1933 came another great contribu-
tion to transmitter practice in the form of the
tri-tet crytsal oscillator, simplifying the high-
frequeney crystal controlled transmitter by
reducing the number of stages necessary and
improving transmitter reliability, stability and
efficiency.

A Amateur radio is one of the finest of hobbies,
but this fact alone would hardly merit such whole-
hearted support as was given it by the United
States government at recent international con-
ferenees. There must be other reasons to justify
such backing. There are. One of them is a thor-
ough appreciation by the Army and Navy of the
value of the amateur as a souree of skilled radio
personnel in time of war, The other is best
described by the words “public service.”

We have already seen 3,500 amateurs contribut-
ing their skill and ability to the American cause in
the Great War. After the war it was only nat-
ural that cordial relations should prevail he-
tween the Army and Navy and the amateur. Sev-
eral things occurred in the next few yeuars to
strengthen these relations. In 1924, when the
U. 8. dirigible Shenandoah made a tour of the
country, amateurs provided continuous contact
between the big ship and the ground. In 1925
when the United States battle fleet made a cruise
to Australia and the Navy wished to test out
short-wave apparatus for future communication
purposes, it was the League’s Traflic Manager

who was in complete charge of an experimental
high-frequency set on the U.S.S. Seatile.

Definite friendly relations between the ama-
teur and the armed forces of the Government
were cemented in 1925. In this year hoth 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 amateur is a
brilliant one. These services can he roughly di-
vided into two classes: emergencies and expedi-
tions. It is regrettable that space limitations pre-
clude detailed mention of amateur work in hoth
these classes, for the stories constitute some of the
high-lights of amateur accomplishment. As it is,
only a general outline can be given.

Sinee 1913, amateur radio has heen the princi-
pal, and in many cases the only, means of outside
cominunication in nearly one hundred storm and
flood emergencies in this country. The most note-
worthy were the IFlorida Hurricane of 1926, the
Mississippi and New England floods of 1927, and
the California dam break and second Florida hur-
ricane in 1928. During 1931 there were the New
Zealand and Nicaraguan earthquakes, and in
1932 the floods at Caliente, California and in the
upper Guadelupe valley of Texas. Outstanding in
1933 was the southern California earthquake. In
all of these amateur radio played a major role in
the rescue work, and amateurs earned world-wide
commendation for their resourcefulness in effect-
ing communication where all other means failed.

It is interesting to note that one of the principal
functions of the Army-Amateur network is to fur-
nish organized and coérdinated amateur assist-
ance in the event of storm and other emergencies
in this country. In addition, Red Cross centers in
various parts of the United States are now fur-
nished with lists of amateur stations in the viein-
ity as a regular part of their emergency measures
program,

Amateur codperation with expeditions started
in 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 MacMillan has never
since made a trip without carrying short-wave
equipment and an amateur to operate it.

Other explorers noted this success and made
inquiries to the League regarding similar arrange-
ments for their journeys. In 1924 another expedi-
tion secured amateur coéperation; in 1925 three
benefited by amateur assistance, and by 1928 the
figure had risen to nine for that yvear alone. Each
vear since then has seen League headquarters in
receipt of more and more requests for such serv-
ice, until now a total of more than a hundred
voyages and expeditions have been assisted.
To-day practically no exploring trip starts from
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this country to remote parts of the world without
making arrangements to keep in contact through
the medium of amateur radio.

Emergeney relief, expeditionary contact, and
countless instanees of other forms of public serv-
ice, rendered as they always have been and always
will be, without hope or expeetation of material
reward, have made amateur radio one of the inte-
gral parts of our complex national life.

The American Radio Relay League

The Ameriean Radio Relay League is to-day
not only the spokesman for amateur radio in this
country but is the largest amateur organization in
the world. It is strietly of, by and for amateurs, is
non-commereial and has no stockholders. The
members of the League are the owners of the
A.RR.L. and QST.

The League is organized to represent. the ama-
teur in legislative matters. It is pledged to pro-
mote interest in two-way amateur communica-
tion and experimentation. It is interested in the
relaying of messages by amateur radio. It is con-
cerned with the advaneement of the radio art. It
stands for the maintenanee of fraternalism and a
high standard of conduct. One of its principal
purposes is to keep amateur activities so well
conducted that the amateur will continue to
justify his existence. As an example of this might
be cited the action of the League in sponsoring the
establishment of a number of Standard Ire-
quency Stations throughout the United States;
installations equipped with the most modern
available type of preeision measuring equipment,
and transmitting “marker” signals on vear-
round schedules to enable amateurs everywhere
to accurately calibrate their apparatus.

The operating territory of the League is
divided into thirteen United States and six Cana-
dian divisions. You ean find out what division
vou are in by consulting QST or the Handbook,
The affairs of the League are managed by a Board
of Directors. One director is elected every two
vears by the membership of each United States
division, and a Canadian General Manager is
elected every two years by the Canadian mem-
bership. These directors then choose the presi-
dent and vice-president, who are also directors,
of course. No one eommereially engaged in selling
or manufacturing radio apparatus can be a mem-
ber of the Board or an officer of the League.

The president, vice-president, seeretary, treas-
urer and communications manager of the League
are elected or appointed by the Board of Diree-
tors. These officers constitute an Executive Com-
mittee to act in handling matters that come up
hetween meetings of the Board, their authority
subjeet to certain restrietions.

The league owns and publishes the magazine
OST. QST goes to all memhers of the League
each month. It aets as a monthly bulletin of the
League's organized aectivities. It serves as a

medium for the exchange of ideas. It fosters ama-
teur spirit. Its technieal articles are renowned.
ST has grown to be the “amateur’s bible” as
well as one of the foremost radio magazines in the
world. The profits QST makes are used in sup-
porting League activities. Membership dues to
the League include a subscription to QST for the
same period.

The extensive field organization of the Com-
munieations Department codrdinates practieal
station operation throughout North America.

Headquarters

I'rom the humble beginnings reeounted in the
story of amateur radio, League headquarters has
grown until now it occupies an entire floor in a
new office building and employs more than two
dozen people.

Members of the League are entitled to write to
Headquarters for information of any kind,
whether it eoneerns membership, legislation, or
general questions on the construetion or opera-
tion of amateur apparatus. If you don’t find the
information vou want in QST or the Handbook,
write to A R.R.L. ITeadquarters, West Hartford,
Conneeticut, telling us vour problem. All replies
are directly by letter; no eharge is made for the
service.

If you come to Iartford, drop out to Head-
quarters at West Ilartford. Visitors are always
welcome.

WIMK

For many vears it was the dream of the
League’s officers that some day Headquarters
would be able to boast a real “he-station.” In
1928 this drearn beecame an actuality, and the
League to«day owns and operates the station
shown in the frontispiece, operating under the
call WIMK.

The current operating schedules of WIMK
may be obtained by writing the Communications
Department at IHeadquarters or by consulting
the current issuc of QST. While mueh of the
operating time is devoted to pre-arranged sched-
ules, the station is always ready at other times for
a call from any amateur.

Traditions

As the League has come down through the
years, certain traditions have become a part of
amateur radio.

The Old Man with his humorous stories on
“rotten radio” has become one of amateur radio’s
principal figures. Since 1915 his pictures of radio
and radio amateurs as revealed by stories in QST
are characteristic and inimitable. There is much
speculation in amateur cireles eoncerning the
identity of T.O.M., but in eighteen years of
writing he has not once given a elue to his real
name or eall.

The Wouff-llong is amateur radio’s most sacred
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symbol and stands for the enforcement of law and
order in amateur operation. It eame into being
originally in a story by T.0.M. For some time it
was not known just what the Wouff-Hong looked
like, but in 1919 The Old Man himself supplied
the answer by sending in to League Headquarters

THE WOUFF-HONG

the one and only original Wouff-Hong, shown
here. It is now framed and hangs on the wall of
the Secretary’s office at A.R.R.L. Headquarters.

Joining the League

The best way to get started in the amateur
game is to join the League and start reading
QST. Inquiries regarding membership should be
addressed to the Secretary, or you can use the
convenient application blank in the rear of this
book. An interest in amateur radio is the only
qualification necessary in becoming a member of

the A.R.R.L. Ownership of a station and knowl-
edge of the code are not prerequisites. They can
come later.

Learn to let the League help you. It is organ-
ized solely for that purpose, and its entire head-
quarter’s personnel is trained to render the best
assistance it can to you in solving your amateur
problems. If, as a beginner, you should find it
difficult to understand some of the matter con-
tained 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 be-
ginner and entitled “How to Become a Radio
Amateur.” This is written in simple, straight-
forward language, and describes from start to
finish the building of a single simple amateur
installation. The price is 25 cents, postpaid.

Every amateur should read the League’s mag-
azine QST each month. It is filled with the latest
amateur apparatus developments, “dope” on
current expeditions which use short-wave radio
for contact with this country, and the latest
“ham” news from your particular section of the
country. A sample copy will be sent you for 25¢ if
you are unable to obtain one at your local news-
stand.



CHAPTER TWO

GETTING STARTED

HAVING related, briefly, the
origin and development of amateur radio in this
country, we can now go on to the more practical
business of describing in detail how to get in on
the amateur radio of today. Subsequent chapters
will treat of receiver and transmitter construction
and adjustment, station operation, etc. This
chapter deals with the first two béte noir's of
every beginning amateur — learning the code and
getting your licenses.

A high-frequency (short-wave) receiver alone
will bring you hours of pleasure and will repay the
little effort necessary to assemble it. Sooner or
later, however, it is probable that you will build
yourself either a radiotelephone or radiotelegraph
transmitter. While many amateurs build 'phone
transmitters, the mafority both in this country
and abroad operate radiotelegraph sets. There are
several reasons for this. First, the code must be
learned regardless of whether you operate a
'phone or telegraph set; the United States govern-
ment won't issue any kind of amateur license
without a code test. Secondly, radiotelegraph
apparatus is far less expensive to build and less
complicated to adjust than radiophone apparatus;
less equipment and power are required and fewer
tubes used. And lastly, code signals will usually
cover four or five times the distance possible from
the same or more complicated radiophone equip-
ment, and are less susceptible to interference,
fading and distortion.

There is nothing particularly difficult incident
to taking your place in the ranks of licensed ama-
teurs. The necessary steps are first, to learn the
code, second, to build a receiver and a transmitter
and third to get your amateur licenses and go on
the air. Don’t let any of these worry you. Thou-
sands of men and women between the ages of 15
and 60 have mastered the code without difficulty
by the exercise of a little patience and persever-
ance; these same thousands have found that only
a moderate amount of study is necessary to
prepare for the examination required by the gov-
ernment of all applicants for the combination
station-operator license which every amateur
must have before actually going on the air. We
will treat of both of these subjects in detail later
in this chapter.

Nor should you doubt your ability to build
short-wave receivers and transmitters. The
simpler types of receiver and transmitter de-
scribed further on in this Handbook can be as-
sembled and put into operation by anyone capable
of using a screwdriver, a soldering iron and a little
common sense. Of course, there are advanced

forms of amateur equipment that are intricate,
complicated to build, and more difficult to under-
stand and adjust, but it is not necessary to resort
to them to secure results in amateur radio, and it
would be best to avoid them until the rudiments
of the game have been learned.

Our Amateur Band

A Most people, because they have never heard
anything else, are prone to think of broadcasting
as the most important radio service. To such
people a few nights listening in on the high fre-
quencies (wavelengths below the broadeast band)
will be a revelation. A horde of signals from doz-
ens 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 sen-

tences become meaningless buzzes. There are
both telegraph and telephone signals. Press mes-
sages, weather reports, transocean commercial
radiotelephone and telegraph messages, high
frequency international broadecasting of voice and
music, transmissions from government and ex-
perimental stations including picture transmis-
sion and television services, airplane dispatching,
police broadcasts, and signals from private yachts
and expeditions exploring the remote parts of the
earth jam the short wave spectrum from one end
to the other.

Sandwiched in among all these services are the
amateurs, thousands of whose signals may be
heard every night in the various bands set apart
by International Treaty for amateur operation.
These bands are in approximate harmonic rela-
tion to each other; their position in the short
wave spectrum and their relative widths are
shown in the sketch.

Many factors have to be considered in picking
a certain frequency band for a certain job, es-
pecially the distance and the time of day when
communication is desired. But in addition to
daily changes, there are seasonal changes, and
in addition a long-time change in atmospheric
conditions which seems to coincide closely with
the cycle of sun-spot or solar activity which is
completed approximately each eleven years,
The reliability of communication on a given
frequency at a given time of day, the suitability
of a given band for traffic or DX, the desires of the
individual amateur in choosing his circle of friends
with whom he expects to make contact on sched-
ule, the amount of interference to be expected at
certain hours, and the time of day available for -
operating — all influence the choice of an operat-
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ing frequency. Many amateurs can use any one of
the several available frequeney bands at will.
Let us now discuss briefly the properties peculiar
to each of them,

The 1715-ke. band, whieh carried all our ac-
tivity before experimenters opened the way to
each of the higher frequeney 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 frequeneies, when aetivity in this
band dwindled, but it is again greatly on the
inerease,

The band is popular especially for radiotele-
phone work. The very fact that it is less congested
and oeeupied makes it an extremely attractive
band for the amateur operator who would com-
municate cffectively and avoid interference.
Code practiee transmissions are made in this
band for beginning amateurs and many begin-
ners may he 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 ac-
commodated. In the next year or su, it may he
expected to take more of the present properties of
the 3500-ke. region, and its use by amateurs
continue to increase. The band is open to amateur
television and picture transmission. If you are
just getting on the air, plan to use this band. If
you have been working on higher frequencies
inelude this band in your plans for 1935 — or
you will be missing an important part of amateur
radio.

The 3500-ke. band has, in recent vears, been
regarded as best for all consistent domestic
communieation. It is good for coust-to-coast work
at night all the year except for a few summer

F E D

1440014000 Ke

FROM 110,000 Kc.UP 60,000-56,000K¢  30,000~28.000Kc

mote points, and "phone signals heard in Europe.
As the winter evening advances, the well-known
“skip effect ” (explained in detail in Chap. Four)
of the higher frequencies has made itself known,
the inereased range of the “sky wave’’ brings in
signals from the other coast and the inereased
range also brings in more stations, so that the
hand appears busicr.

The 7000-ke. band has been the most popular
band for general amateur DX work for some
vears. It is useful mainly at night for eontaets
with the opposite coast, or with foreign eountries.
Power output does not limit the range of a station
to the same extent as when working on the lower
frequency bands distussed above. However, the
band is more handieapped by congestion in the
carly evenings and more subjeet to the vagaries
of skip-effeet and uncertain transmission condi-
tions than are the lower frequency bands, but not
limited in usefulness by these things to the same
extent as the 14-me. band. The 7000-ke. band is
satisfactory  for working distances of several
hundred miles in daylight. It is gencrally con-
sidered the most desirable night band for general
DX work in spite of diffieultics due to inter-
ference. This band may be expected to take on
hetter daylight DX charaeteristies during 1935
il predictions based on the sun-spot eyele are
correet, and at the same time, while great pos-
sibilities will exist for evening work, it is likely
to he more inconsistent and unreliable during
the late evenings.

The 14,000-ke. or L4-me. band is the very hest
frequency to use to cover great distances in day-
light. In faet it is the only band generally useful
for daylight DX contaets (QS0’s) over coast-to-
coast and greater distances. Communieation over
long distanees will usually remain good during the

7300-7000Kc

4000-3500nc

2000-1715 Ke.

fhone sub-band  Phone sub-band
(26.000- 28,500 k) (14250 -18150Kc,)

2.727 METERS 5METERS 10 20
(60,000 Kilocycles)

Phone sub-band
(2000-1800 #c.)

Phone sub-band
No phone sub-band  (4000-3900kc )

160 200 METERS
(1500 Milocycles)

40 80

—Open for Cw telegraphy only
B8 — Open for esther cw telegraphy, or phone

months. It has been recommended for all amateur
message-handling over medium distances (1,000
miles for example). Much of the friendly human
contact between amateurs takes place in the
3500-ke. band. It is the band from which we have
made exeursions to the higher frequencies on oe-
casions when foreign contacts were desired. Dur-
ing the last year or so this band has exhibited
some of its former DX properties, signals from
amateur stations in this country being reported
from South Africa, New Zealand and other re-

carly evenings and surprising results ean be oh-
tained then, too. Using these higher frequencies
there is often difficulty in talking with stations
within three or four hundred miles, while greater
distances than this (and very short distances
within ten or twenty miles of a station) ean he
covered with ease, The reason that 14-me. signals
are less useful for general amateur DX late eve-
nings is beeause the “skip” increases during
darkness until the “sky wave’ covers greater
than carthly distanees. The band, while one of the
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very best for the amateur interested
in working foreign stations without
much difficulty from domestic inter-
ferenee, is sometimes subject to sud-
den fluctuations in transmitting eon-
ditions, and this characteristic will
heeome more important perhaps as
we return to the general eonditions
for radio communieation that ob-
tained baek in 1923 and 1924, a eon-
dition now estimated to he due
about 1935.

<
The 28,000-kc. (28-mc.) band, ®

opened for amateur work by the Fed- °_

cral Radio Commission inearly 1928 o

at the request of the A-R.R.L.is ¢

prineipally an experimental band ot =m

the present time. It combines both == -

--ee

the long-distance eharaeteristies of

Memorizing the Code

A The first job you should tackle is
the business of memortzing the code.
This ean he done while you are
building your receiver. Thus, by the
time the receiver is finished, you will
know all the eharaeters for the al-
phabet, the most-used punetuation
marks, and the numerals, and will
be ready to practice reeeiving in
order to aequire speed. Speed prac-
tiee, either by means of a buzzer,
or by listening in on your receiver,
ean be indulged in in odd moments
while the transmitter, in turn, is
being constructed. The net result
of such an organized program
should be that by the time the

NAXELCCAL DO VOZIrXC—IOHMMOO DT>

the 14-me. band and some of the o um on o == 1 transmitter is finished you will be
loeal advantages of the 56-me. band, ::.-_-_- % able to receive the ten words 2
but its long-distanee characteristics oo o mm 4 minute required by the government
are generally too “spotty” for re- eeeee S for your amateur operator lieense,
liable communieation. The result is :'_'::. -6} and can immediately proceed to
that only a few amateurs to-day op- s ms smee 8 studying for the “theoretical”” part
erate in this territory, though it is : : : :‘_ g of your lieense examination with-
probable that more attention will be out loss of time.

given toitsshort-distanee properties RERIOD N— Memorizing the eode is no job
as the 56-me. band fills up. sreak (povpte 0ask)  at all if you simply make up your

The 56,000-ke. or 56-mc. band,
likewise made availuable for amateur
experimentation at the request of
the League, has for many years been
regarded asstrietly a loeal and short-
distance band for distances of ten to
thirty miles. Beeause of the eheap-
ness, compaetness and ease of con-
struetion of the neeessary apparatus
it has proved ideal for this purpose
and many hundreds of stations have operated
“loeally” there. During the latter part of 1934,
however, experiments with direetive antennas by
the technical staff of the A.R.R.L. indicated the
possibility of surprisingly eonsistent two-way
work over distances of a hundred miles or more,
with the result that tremendous impetus has
been given to experimentation at these fre-
queneies.

Above 110,000 ke. but little progress has as yet
heen made, sinee it was only during the summer
of 1934 that the A.R.R.L. was able to secure o
regulation permitting general amateur work on all
the higher frequeneies above 110-me. These fre-
queneies have in the past been generally eonsid-
ered useless for communication over any appreci-
able distanee, just as were the frequeneies around
56 me. But the developments in that region have
resulted in ereating eonsiderable interest in the
still higher frequencies, and during 1935 it is
expeeted that many experimenters will endeavor
to exploit them to their utmost for eommunica-
tion purposes.

(2 KX 0 NJ
N6 ED @O Bl PARENTHESIS

THE CONTINENTAL CODE

WAIT

END OF MESSAGE

END OF TRANSMISSION
RECEIVED (0 K)
INVITATION TO TRANSMIT

EXCLAMATION
BAR INDICATING FRACTION

COMMA
COLON
SEMICOLON
QUOTES

mind you are going to apply your-
self to the job and get it over with
as quickly as possible. The eomplete
Continental alphabet, punctuation
marks and numerals are shown in
the table given here. The alphabet
and all the numerals should be
learned, but only the first eight of
the punetuation marks shown need
he memorized by the beginner. Start
by memorizing the alphabet, forgetting the nu-
merals and punctuation marks for the present.
Various good systems for learning the eode have
been devised. They are of undoubted value but
the job is a very simple one and usually ean
be aceomplished easily by taking the first five
letters, memorizing them, then the next five,
and so on. As you progress you should review
all the letters learned up to that time, of course.
When you have memorized the alphabet you
can go to the numerals, which will come very
quickly since you can sce that they follow a
definite system. The punetuation marks wind up
the sehedule — and be sure to learn at least the
first eight — the more eommonly-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 A4 as “dot-dash”
but think of it as the sound ‘“dit-dah.” B, of
course, is ‘“‘dah-dit-dit-dit,” (', “‘dah-dit-dah-
dit”” and so on.

Don’t think about speed yet. Your first job is
simply to memorize all the eharacters and make

(GO AHEAD)

(OBLIQUE STROKE}
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sure you know them without hesitation. Good
practice can be obtained, while building the re-
ceiver, if you try to spell out in code the names of
the various parts you are working on at the time.

Acquiring Spced by Buzzer Practice

A When the code is thoroughly memorized, you
can start to develop speed in receiving code trans-
mission. The most enjoyable 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 out-
fit. One advantage of this system is that it de-
velops sending ability, too, for the person doing
the receiving will be quick to criticize uneven or
indistinet sending. If possible, it is a good idea to
get the aid of an experienced operator for the first
few sessions, so that you will know what well-
sent characters sound like.

The diagram shows the connections for a buz-
zer-practice set. When buying the key of this set
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 an old
audio transformer, 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. These are hooked up as shown in the
diagram 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 this audio oscillator
will give good results. The advantage of the

BUZZER

PHONES

s}

DRY CELLS

CONNECTIONS OF A BUZZER CODE PRACTICE
SET WITHl A TELEPIIONE HEAD SET

The intensity of the signal can be varied by chang-
ing the setting of the variable condenser. The 'phone
and condenser are connected either across the coils
of the buzzer or across the vibrator contacts. The
condenser may be omitted and the tone may be
changed by changing the number of dry cells.

audio oscillator over the buzzer set is that it
gives a fine signal in the 'phones without making
any noise in the room.

After the practice set has been built, and an-
other operator’s help secured, practice sending
turn and turn about to each other. Send single
letters at first, the listener learning to recognize
each character quickly, without hesitation. Fol-
lowing this, start slow sending of complete words

and sentences, always trying to have the material
sent at just a little faster rate than you can copy
easily; this speeds up your mind. Write down each
letter you recognize. Do not try to write down the
dots and dashes; write down the letters. Don’t
stop to compare the sounds of different letters, or
think too long about a letter or word that has

SEC| PRI

‘99 Fhones
TuBE
g Rheostat

HileLap]

Two dry cells

CONNECTING AN AUDIO OSCILLATOR (HART-
LEY) FOR CODE PRACTICE WORK

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 ten words a minute (50 letters a
minute) have the sender transmit code groups
rather than straight English text. This will pre-
vent you from recognizing a word “on the way”
and filling it in before you've really listened to
the letters themselves.

Learning by Listening

A While it is very nice to be able to get the help
of another person in sending to you while you
are acquiring code-speed, it is not always possible
to be so fortunate, and some other method of
acquiring speed must be resorted to. Under such
circumstances, the time-honored system is to
“learn by listening” on your short-wave re-
ceiver. Nor should you make the mistake of as-
suming that this is a more difficult and less-
preferred method: it is probable that the majority
of amateurs acquire their code speed by this
method. After building a receiver and getting it
in operation, the first step in ““learning by listen-
ing”’ will be to hunt for a station sending slowly.
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. Twenty
minules or half an hour is long enough for one
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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 ealls, which are re-
peated 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. Learning by this
method may seem harder to some folks than
learning with the buzzer. It is the opinion of the
writer, who learned in this way, that the practice
in copying actual signals and having real diffi-
culties with interference, static, and fading, is far
superior to that obtained by routine buzzer prac-
tice. Of course the use of a buzzer is of value at
first in getting familiar with the alphabet.

In ““learning by listening” try to pick stations
sending slightly faster than your limit. In writ-
ing, try to make the separation between words
definite. Try to “read” the whole of short words
before starting to write them down. Do the writ-
ing 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 communica-
tion laws prescribe heavy penalties for divulging
the contents of any radiogram to other than the
addressee. You may copy anything you hear for
practice but you must preserve its secrecy.

Volunteer Code Practice Stations

A Each fall and winter season the A.R.R.L.
golicits 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 favorable
conditions. Words and sentences are sent at
different speeds and repeated by voice, or checked
by mail for correctness if you write the stations
making the transmissions and enclose a stamped
addressed envelope for reply.

The schedules of the score or more volunteer
code-practice stations are listed regularly in QST
during the fall and winter. Information at other
times may be secured by writing 1leadquarters.
Some of the stations have been highly successful
in reaching both coasts with code-practice trans-
missions from the central part of the country.

Interpreting What We Hear

A Assoon as we finish our receiver and hook it up
we shall 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 serv-
ices. The loudest signals will not necessarily be
those from near-by stations. Depending on trans-

mitting 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 we 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.) indi-
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cating the country. In this country amateur calls
will be made up of such combinations as WIGP,
WSCMP, W3BZ, W1MK, ete., the number indi-
cating the amateur call area (see map) and giving
a general idea of the part of the country in which
the station heard islocated. The reader is referred
to the chapter on “Operating a Station’’ for com-
plete information on the procedure amateurs
use in calling, handling messages, and the like.
Many abbreviations are used which will be made
clear by reference to the tables of Q Code,
miscellaneous abbreviatious, and “ham” ad-
breviations 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 commereial stations are located.

The commercial stations use a procedure
differing in some respects from amateur pro-
cedure, and to some extent the procedure of
army, naval and government stations is different
from this, each service having a modified proce-
dure meeting its own requirements. On the other
hand, the International Radiotelegraph Conven-
tion has specified certain regulations, abbrevia-
tions and procedures which govern all services
and insure basic uniformity of methods and wide
understanding between stations of all nations,
regardless of services.

“Tape” or “machine’” transmission and re-
ception is used to speed up traffic handling to the
limit fixed by relays and atmospheric conditions.
Most beginners are puzzled by certain abbrevia-
tions which are used. Many code groups are sent
by different commercial organizations to shorten
the messages and to reduce the expense of sending
messages which often runs as high as 25 cents a
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word. Unless one has a eode book it is impossible
to interpret such messages. I'ive- and ten-letter
cypher groups are quite common and make ex-
cellent praetice signals. Oceasionally, a blur of
code will be heard whieh results when tape is
speeded up to 100 words per minute and photo-
graphie means are used to record the signals.

League 0.B.S. System

A Oflicial Broadeasting Stations of the A.R.R.L..
send the latest Headquarters’ information ad-
dressed to members on amateur frequencies. The
messages are often interesting and many of them
are sent slowly enough for eode practice between
15 and 20 words a minute. Lists and schedules
appear from time to time in the membership
copies of QST

The very latest official and special information
of general interest, addressed to A.R.R.L.. mem-
bers, is broadeast twiee nightly (exeept Wednes-
day and Saturday) simultaneously on two fre-
quency bands from the lHeadquarters’ amateur
station, WIMK. The schedule for these trans-
missions is as follows:

Sun. 8:30 p.m. EST-13 w.p.m. — 3825 and 7150 kes.
Sun. Midnight EST-22 w.p.m. — 3825 and 7150 kes.
Mon. 8:30 p.m. EST-22 w.p.m. — 3575 and 7150 kes.
Mon, 10:30 p.m. EST-13 w.p.m. — 3575 and 7150 kes,
Tues. 8:30 p.m. EST-13 w.p.m. — 3575 and 7150 kes.
Thurs, 8:30 p.m. EST-13 w.p.m. — 3825 and 7150 kes,
Thurs. Midnight EST-22 w.p.m. — 3825 and 7150 kes.
Fri. 8:30 p.m. EST-22 w.p.in. — 3825 and 7150 kes.
Fri. 10:30 p.m. EST-13 w.p.mn. — 3825 and 7150 kes.

As you ean see from this sehedule, W1MK sends
these bulletins simultaneously on two different
frequency bands, so if you are unable to hear the
station on the 3500-ke. band you may be able to
pick it up on the 7000-ke. band, and vice versa.

These transmissions are sent at the indieated
rates of speed and are frequently used by ad-
vanced heginners for code practice work.

Using a Key
A The correct way to grasp the key is important.
The knob of the key should be about eighteen
“inches from the edge of the operating table and
about on a line with the operator’s right shoulder,
allowing room for the elbow to rest on the table.
A table about thirty inches in height is hest. The
spring tension of the key varies with different
operators, A fairly heavy spring at the start is
desirable. The back adjustment of the key should
be changed until there is a vertical movement of
abhout one-sixteenth ineh at the knoh. After an
operator has mastered the use of the hand key the
tension should be changed and ean be redueed to
the minimum spring tension that will cause the
key to open immediately when the pressure is
released. More spring tension than necessary
eauses the expenditure of unneecessary energy.
The eontacts should be spaced by the rear serew
on the key only and not by allowing play in the
side serews, which are provided merely for align-

ing the contact points. These side screws should
be serewed up to a setting which prevents ap-
preciable side play but not adjusted so tightly
that binding is caused. The gap between the con-
tacts should always be at least a thirty-second of
an inch, since a too-finely spaeed contaet will
eultivate a nervous stvle of sending which is
highly undesirable. On the other hand too-wide
spacing (much over one-sixteenth inch) may re-
sult 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 kev. The first and second
fingers should be bent a little. They should hold
the middle and right sides of the knob, respec-
tively. 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 correet way to hold a key.

A wrist motion should be used in sending. The
whole arm should not be used. One should not,
send “nervously ” but with a steady 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 he
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 side-
ways action is best. The fingers should never
leave the key knob.

Sending
A Good sending seems easier than receiving, but
don’t be deceived. A beginner shouldn’t send fast.
Keep your transmitting speed down to the receiv-
ing speed, and rather 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.
l.eave special types of keys alone until you have
mastered the knack of properly handling the
standard-type telegraph key. Because radio trans-
missions are seldom free from interference a
“heavier” stvle of sending is best to develop for
radio work. A rugged key of heavy construction
will help in this.

When signals can be copied “solid”” at a rate of
ten words a minute it is time to start practieing
with a key in earnest. While learning to receive,
you have heeome fairly familiar with good send-
ing. Try to imitate the machine or tape sending
that you have heard. This gives a good example
of proper spacing values.

When beginning to handle a key do not try to
send more than six or seven words a minute, A
dot results from a short depression of the key. A
dash eomes from the same motion but the eontact
is held three times as long as when making a dot.
A eommon mistake of beginners is to make it
several times too long. There is no great space
between the parts of a letter. Particular eare
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should he exercised when sending letters such as
¢ to make them “‘all at onee” like this (— - — -)
and not irregularly spaced like this (— - — -).

Key praetice should not be extended over too
long periods at first. The control of the muscles
in the wrist and forearm should be developed
gradually for best results.

Individuality in sending should be suppressed
rather than cultivated. Speed necds to be held in
check. “Copiability” is what we want. Repeats
waste valuable time. When vou find that you are
sending too fast for the other fellow, slow down to
his speed.

A word may be said about the “Vibroplex”
and “double-action” keys. The “Vibroplex”
makes dots automatieally. The rate of making
dots is regulated by changing the position of a
weight on a swinging armature. Dots are made by
pressing a lever to the right. Dashes are made by
holding it to the left for the proper interval. A
side motion is used in both types of keys.

These keys are useful mainly for operators who
have lots of traffie to handle in a short time and
for operators who have ruined their sending arm.
Sueh keys are motion savers, [owever, a great
deal of praetice is necessary before readable code
can be sent. The average novice who usesa “bug”
tries to send too fast and ruins his sending alto-
gether. The beginner should keep away from such
keys. After he has become very good at handling
a regulation telegraph key, he may practice on a
“hug” to advantage.

Obtaining Government Licenses

A When vou are able to copy ten 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 pro-
cedure, license renewal and madification, exemp-
tions, 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 set-
tle down to a study of its pages in order to famil-
iarize himself with the intricacies of the law and
prepare himself for his test. The booklet, “The
Radio Amateur’s License Manual,” may be ob-
tained from A.R.R.L. headquarters for 25¢ post-
paid. From the beginner’s standpoint one of the
most valuable features of this book is its list of
nearly 200 representative examination questions
with their correct answers. Aside from this, how-
ever, not only all beginning amateurs but those

already licensed should always have a copy of the
latest edition of the License Manual at hand for
the complete information it contains on licenses
and regulations.

A few general remarks:

While no government licenses are necessary to
operate receivers in the United States, you posi-

ILLUSTRATING THE CORRECT POSITION OF THE
HAND AND FI? S FOR THE OPERATION OF A
FELEGRAIPH KEY

tively must have the required amateur licenses
before doing sending of any kind with a trans-
mitter. This license requirement applies for any
kind of transmitter on any wavelength. There is
no basis for the assumption that low-power
transmitters, or transmitters operating on 5
meters or below, need no license. They do, most
emphatieally, as do their operators. Attempts to
engage in transmitting operation of any kind,
without holding licenses, will inevitably lead to
arrest, and fine or imprisonment.

Amateur licenses are free, but are issued only
to citizens of the United States; this applies both
to the station authorization and the operator’s
personal license, with the further provision
in the station license that it will not be issued
where the apparatus is to be loeated on premises
eontrolled by an alien. But the requirement of
citizenship is the only limitation, and amateur
licenses are issued without regard to age or physi-
cal condition to anyone who successfully com-
pletes the required examination. There are
licensed amateurs as young as nine and as old as
cighty. Many permanently bed-ridden persons
find their amateur radio a priceless boon and have
successfully qualified for their ‘“tickets”; even
blindness is no har — several stations heard regu-
larly on the air are operated by people so afllicted.

Persons who would like to operate at amateur
stations, but do not have their own station as yet,
may obtain an amateur operator license without
being obliged to take out a station license. But no
one may take out the station license alone; all
those wishing station licenses must also take out
operator licenses.

Extracts from the hasic Communieations Act
and the complete text of the amateur regulations
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current at the time this Handbook went to press
(November, 1934) will be found in the Appendix.
Because the regulations are subject to occasional
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 such alter-
ations in our regulations take place.

Canadian Regulations
A Canadian amateurs wishing operators’ licenses
must pass an examination before a radio inspector
in transmission and reception at a speed of ten
words per minute or more. They must also pass
a verbal examination in the operation of amateur
apparatus of usual types, must have a working
knowledge of procedure, and must have a little

operating ability prior to taking the examination.
Nothing is likely to be asked which is not covered
in this Handbook or the License Manual. The fee
for examination as operator is 50 cents and is
payable to the Radio Inspector who examines
the candidate.

The form for application for station license
may he obtained either from a local Radio In-
spector’s office or direct from the Department of
Marine and Fisheries, Radio Branch, Ottawa.
This consists of a blank form with spaces for
details regarding the station equipment and the
uses to which it is to be put. The applicant must
also sign a declaration of secrecy which, as a
matter of fact, is executed at the time of obtain-
ing the operator’s license. The annual fee for
station licenses for amateur work in Canada is
$2.50.



CHAPTER THREE

ELECTRICAL FUNDAMENTALS

ALTHOUGll it is possible for
the amateur unversed in electrical fundamentals
to build and operate a station more or less suc-
cessfully, better practical results and greater
personal enjoyment of the game are in store for
him who knows something of what it’s all about.
Amateur radio is really a part of the great field of
electrical communication, both wire and radio,
and hence has its foundations in the electrical
fundamentals that have been in process of de-
velopment for hundreds of years. To cover com-
pletely the basic principles involved is far be-
yond the scope of any one book, let alone a single
chapter, so the aim here must be to present only
those fundamentals that experience has shown to
be of the greatest practical value to the amateur
in the building and operating of his station. To
the avid amateur whose appetite may be whetted
for more, the books suggested in the Appendix
are recommended for further study.

What Is Electricity?

A In the not distant past the nature of electricity
was considered something beyond understanding
but in recent years much of the mystery has been
removed. We know now that what we call elec-
tricity is the evidence of activity of electrons.

“ Electrons in motion conslitute an electric cur-
rent.”

But what is the electron and what is the source
of those that constitute electric current? The ac-
cepted theory is that the electron does not ordi-
narily exist in an isolated state but normally has
a sort of family life, in combination with other
electrons, in the atom. Atoms make up moleciles
which, in turn, make up the substances familiar
to us, copper, iron, aluminum, etc. Atoms differ
from each other in the number and arrangement
of the electrons that constitute them.

The atom has a nucleus which is considered to
be composed of both positive and negative elec-
trons, but with the positive predominating so
that the nature of the nucleus is positive. For pur-
poses of identification the positive electrons are
referred to as protons and the negative electrons
simply as electrons. The electrons and protons of
the nucleus are intimately and closely bound to-
gether. But exterior to the nucleus are negative
electrons which are more or less free agents that
can leave home with little urging. Ordinarily the
atom is electrically neutral, the outer negative
electrons balancing the positive nucleus, It is
when something happens to disturb this balance
and when the foot-loose electrons begin to leave
home that electrical activity becomes evident.

Electron Flow — Electric Current
A Tt is considered likely that there is a continuous
interchange of electrons between the atoms of a
solid body, such as a piece of copper wire, but
that the net effect under ordinary conditions is
to make the average in any one direction zero. If,
however, there is an electric field through the
wire, as when the ends are connected to the
terminals of a battery, there sets in a consistent
drift of the negatively charged electrons, from

Nucleus

. —.
Directron of Electron Flow
£
o/
Battery
FIG. 301 — IIOW CURRENT IS CONDUCTED IN A
WIRE
Electrons are relayed from atom to atom, from the
negative to the positive end of the conductor.

atom to atom, towards the end of the wire con-
nected to the positive battery terminal, somewhat
as shown in Fig. 301. This drift of electrons con-
stitutes an electric current. The rate at which the
current flows will be determined by the character-
istics of the conductor, of course, and by the
strength of the electric field.

Each electron, and they are all alike irrespec-
tive of the kind of atom from which they come, is
unbelievably minute and a measure of electric
current in terms of number of electrons would
be impracticable. Therefore a larger unit is used,
the ampere.

A current of 1 ampere represents nearly 10" (ten
million, million, million) electrons flowing past a
point in 1 second; or a micro-ampere (millionth of
an ampere) nearly 10 million electrons per micro-
second (millionth of a second).

Conductors and Insulators

A The case with which electrons are able to be
transferred from one atom to another is a measure
of the conductivity of the material. When the
electrons are able to flow readily, we say that
the material is a good conductor. If they are
not able to chase off to another atom quite so
readily, we say that the substance has more
resistance. Should it be almost impossible for
the electrons to break from their normal path
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around their own nucleus, the material is what we
term an insulator. Copper, silver and most
other metals are relatively good eonductors of
electrieity; while such substances as glass, mica,
rubber, dry wood, porcelain and shellac are
relatively good insulators,

The resistance of most substances varies
with changes in temperature. Sometimes the
variation is so great that a body ordinarily con-
sidered an insulator becomes a conduetor at high
temperatures. The resistance of metals usually
increases with an increase in temperature while
the resistance of liquids and of carbon is decreased
with increasing temperature.

Conduction in Liquids and Gases

A Besides the case of conduetion in the solid
copper wire, in which there is electron drift from
atom to atom but with the individual atoms re-
maining more or less stationary and each heing
but momentarily deficient in electron content,
there are other forms of conduetion important in
radio communication, The general case of con-
duction in liquids ix one.

Ior instance, take that of conduetion in a solu-
tion of sodium chloride (common tuble salt) in
water. In such a solution there is a number of
molecules of salt that have separated into two
parts, one of whieh has the nucleus of the sodium
atom while the other has the nucleus of the chlo-
rine atom. But the two parts are not truly atoms
heeause the chlorine part has one excess electron
and is negative in character while the sodium part
is deficient by one electron and therefore is poxsi-
tve in charaeter. No longer true atoms, they are
now Zons and the spontaneous process of disas-
soctation in solution ix one form of sonization. 1f
plates connected to the terminals of a battery are
now placed in the solution, the positive sodium
ionx travel to the negative plate where they ac-
quire negative electrons; and the negative chlo-
rine ions travel to the positive plate where they
give up their excess electrons; and hoth again
become neutral atoms. The energy supplied by the
hattery is used to move the ions through the liquid
and to supply or remove electrons, Thus there is a
flow of electric current through the liquid by
cectrolytic conduction. This kind of conduction
plays a part in the operation of such radio equip-
ment ax electrolytic rectifiers.

Another type of conduction important in the
operation of radio equipment is that which takes
place in gases. This also involves ionization, al-
though here the ionization ix not spontaneous as
in the electrolytic conduction just deseribed but
i produced by rapidly moving free electrons col-
liding with atoms, and hence, is ealled fonization
by collision. Such conduction is illustrated by the
ordinary neon lamp. The bulb contains a pair
of plates and is filled with neon gas. In addition
to the molecules of the gas, there will be o few free
electrons. If a battery of sufficient voltage is con-

nected to the two plates, the initial free electrons
will make a dive for the positively charged plate,
their velocity being accelerated by the electric
field. In their headlong dash they collide with
neon atoms and knock off outer electrons of these
atoms, converting the latter to positive ions. The
additional free electrons produced by ecollision
now join the procession, and ionize more atoms.
As they are freed, the electrons travel towards
the positive plate. In the meantime, the more
sluggish positive ions have been traveling to-
wards the negative plate, where they acquire
electrons and again become neutral atoms. The
net result is a flow of electrons, and hence of
current, between the electrodes, from negative
plate to positive plate. The light given off, it may
be mentioned, is considered incidental to the
recombination of jons and free electrons at the
negative plate. This kind of conduction by toniza-
tion is utilized in the operation of the gaseous
rectifiers used in radio power supplies.

Still another form of conduction very impor-
tant in radio communication is pure electronic
conduction. In the case of the copper wire we saw
that the individual electrons did not make the
complete trip from one end of the circuit to the
other but that the low was a sort of relay process.
We also saw that the electrons could not leave the
wire in random direetions but, under the influence
of the electric field, progressed only from the
negative towards the
positive end. They were
restrained from leaving
the surfaces of the con-
ductor. But they can he
made to fly off from the
conductor when prop-
erly stimulated to do
%0, as is illustrated by
the familiar radio vac-
uum tube, Here we have
Sl v electrons being freed
Battery from the cathode, a con-
FIG. 302—ELECTRONIC  ductor that would nom-
(H()’ )':: B rl:;l\ IB Y inally retain them, and
LECTRON EMISSION Al Nty i
IN THE VACUUM TURBE ‘m.t"“}}l]’ “‘Wel”;lg

Stimulated by  heat, ””“ug VG D U
electrons fly off from the Plitethat attracts them
cathode or filament and  because it is connected
areattracted to the posi-  tg the positive terminal
Egptate of a battery, as illus-
trated in I'ig. 302, The reason that the elec-
trons are freed from the cathode is that it has
heen heated to a temperature that activates
them sufficiently to enable them to break away.
This is known as thermionic electron emission,
sometimes called simply emission. Once free, most
of the emitted electrons make their way to the
plate, although some return, repelled from travel-
ing farther by the cloud of negative electrons im-
mediately surrounding the cathode. This electron
cloud about the emitting cathode constitutes
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what is known as the space charge. A few electrons
that reach the plate may have suflicient veloeity
to dislodge one or more electrons already on the
plate. This dislodging of electrons from the plate
by other fast moving electrons constitutes sec-
ondary emission. When it occurs there is actually
simultaneous electron flow in two directions,
The various phenomena connected with elec-
tronie conduction, briefly outlined here, are of
such extreme importance in the operation of
vacuum tubes that they cannot be emphasized
too greatly.

Direetion of Flow

A There is one point in connection with current
flow which is likely to cause eonfusion in the
reader’s mind if particular attention is not paid
to it. The drift of clectrons along a condnctor
(which constitutes a current flow) s always from
the negative to the positive terminal. On the other
hand, the usual coneeption is that of eleetricity
flowing from the positive to the negative terminal.
The diserepancy results from the fact that the
pioneer electrical experimenters, having no ae-
curate understanding of the nature of elec-
tricity, assumed the direction to be from positive
to negative. llowever, just =o long as the facts
are recognized clearly, no confusion need result.

Electromotive Force — Voltage

A Just as soon as electrons are removed from one
body and become attached to a second one, there
is created a firm desire on the part of the es-
tranged electrons to return to their normal posi-
tion. For instance, the excess electrons on the
negatively charged pole of a battery, attempting
to return to the positively charged pole, create an
electrical pressure between the two terminals.
This pressure is termed electromotive force and the
unit of measurement, widely used in our radio
work, is the volt. In the ordinary dry cell (when
fresh) the electromotive force between the two
terminals is of the order of 1.5 or 1.6 volts. Should
we have two such cells, and should we connect
the negatively charged terminal of one to the
positively charged terminal of the second cell we
would then have twice the voltage of one cell
between the remaining two free terminals. In this
example we have connected the cells in series and
the combination of the two cells becomes what we
know as a battery. In the common “B" battery,
so widely used with radio receivers, a great many
small cells are so connected in series to provide
a relatively high electromotive force or voltage
between the outer terminals.

Another method of connecting & battery of
cells together is to join all the positive terminals
and all the negative terminals. The cells are then
said to be connected in parallel. The voltage be-
tween the two sets of terminals will then be just
the same as that of a single cell but it will be pos-
sible to take a greater amount of current from the

battery than would have been possible from the
single cell.

In practical work we use meters to measure
voltage and current. The voltmeter is connected
across the points between which the unknown
voltage exists while the ammeter is connected in
series with the conductor in which the current
flows. With this arrangement, the ammeter be-
comes a part of the conductor itself. In both
cases, the reading in volts or amperes will be
indicated directly on the calibrated scale of the
instrument.

How Eleetricity Is 'roduced

A The ordinary eleetrie cell and the electrie gen-
erator are the sources of current used in ordinary
practice. The electric cell may take the form of a
so-called dry eell, a wet cell or perhaps a storage
cell. In any ecase, the current is derived by a
chemical action within the cell. In the first two
forms mentioned, the action of the fluid (there is
a fluid even in a “dry”’ cell) tears down the struc-
ture of one of the elements or “ poles” of the cell,
producing an excess of electrons in one element
and o deficiency in the other. Thus, when the
elements are connected by a conductor, this un-
halanee of electrons results in a flow of electrons
from one element to the other and the flow is
what we know as an electric current. In the stor-
age cell, the chemical change is reversible and the
cell can be “recharged.” The manner in which the
electric generator produces a current is to be dis-
cussed at a later stage.

Direet and Alternating Current — Frequency

A Of course, all electric eurrents do not flow con-
tinuously in the same direction along a conduc-
tor. The eurrents produced by batteries and by
some generators flow in this manner, and there-
fore are termed direct currents. Should the current,
for some reason or other, increase and decrease at
periodic intervals or should it stop and start fre-
quently it is still & direct current as long as the
flow is always in the same direction, though it
would be a fluetuating or intermittent one.

The type of current most generally used for
the supply of power in our homes does not flow
in one direction only, but reverses its direction
many times each second. The electron drift or
flow in a conductor carrying such a current first
increases to a maximum, falls to zero, then reverses
its direction, again rises to a maximum and again
falls to zero — to reverse its direction again and
continue the process. In most of the power cir-
cuits, the current flows in one direction for
1/120th of a second, reverses, flows in the oppo-
site direction for another 1/120th of a second
and so on. In other words, the complete cycle of
reversal oceupies 1/60th of a second. The number
of complete cyeles of flow in one second is termed
the frequency of the current. In the instance
under discussion we would say that the frequency
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is 60 cycles per second. All currents which
reverse their direction in this manner are known
as alternating currents. We are to find that they
are not by any means limited to the circuits
which supply power to our homes. Telephone
and radio circuits, for instance, are virtually
riddled with alternating currents having a wide
variety of frequencies. The currents which are
produced by the voice in a telephone line may
have frequencies between about 100 and 5,000
cycles per second while the alternating currents
which we are to handle in the circuits of a radio
transmitter may have a frequency as high as
60 million cycles per second. Because of the high
frequencies used in radio work the practice of
speaking in terms of cycles per second is an awk-
ward one. It is customary, instead, to use kilo-
cycles per second or, simply, kilocycles (ke.) —
the kilocycle being one thousand cycles. Yet an-
other widely used term is the megacycle (me.) —
a million eycles.

Alternating current, unlike direct current, can-
not be generated by batteries. For the supply of
commercial power it is almost always produced
by rotating machines driven by steam turbines.
In radio work we make use of this current for the
power supply of our radio apparatus but the
very high frequency alternating currents in the
radio transmitter are almost invariably produced
by vacuum tubes connected in appropriate
circuits.

Resistance and Resistors — Ohm’s Law

Now that we have some conception of what an
electric current really is and of the different forms
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in which electricity is to be found, we may pro-
ceed to examine its effects in the apparatus which
is to be used in radio work.

The most common equipment used in radio
work is the conductor. We have already men-
tioned that any substance in which an electric
current can flow is a conductor and we have also
pointed out that some substances conduct more
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readily than others — they have less resistance.
Most of the conductors in radio apparatus —
such as wiring, coils, etc. — are required to have
the greatest conductivity or the least resistance
possible. They are of metal, usually copper. But
many of the conductors are actually placed in the
circuit to offer some definite amount of resistance.
They are known under the general term of resis-
tors and the amount of resistance they (or any
conductor) offer is measured in ohms.

When a current flows in any electric circuit,
the magnitude of the current is determined by
the electromotive force in the circuit and the re-
sistance of the circuit, the resistance being de-
pendent on the material, cross-section and length
of the conductor. The relations which determine
just what current flows are known as Ohm's Law.
It is an utterly simple law but one of such great
value that it should be studied with particular
care. With its formula, carrying terms for current,
electromotive force and resistance, we are able to
find the actual conditions in many circuits,
providing two of the three quantities are known.
When 7 is the current in amperes, E is the electro-
motive force in volts and R is the circuit resistance
in ohms, the formulas of Ohm’s Law are:

E ,_E

7 R E=IR

R=

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. At a later stage
it will be shown just how
valuable may be the
practical application of
this law to the ordinary
problems of our radio
work.

/ Rs Series and Parallel

Connections

A The resistors used in
electrical circuits to in-
troduce a known amount
of resistance are made up
in a variety of forms.
One common type con-
sists of wire, of some high
resistance metal, wound
on a porcelain former. To
obtain very high values of resistance the wire must
be extremely fine. Because this introduces manu-
facturing difficulties, some of the high value re-
sistors which are not required to carry heavy
current are made up of some carbon compound
or similar high resistance material. Resistors, like
cells, may be connected in series, in parallel or in
series-parallel. When two or more resistors are

/
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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. 303
shows how the value of a bank of resistors in
series, parallel or series-parallel may be computed.

Heating Effect and Power

A The heating effect of the electric current is due
to molecular friction in the wire caused by the
flow of electricity through it. This effect depends
on the resistance of the wire; for a given time
(seconds) and current (amperes) the heat gen-
erated will be proportional to the resistance
through which the current flows. The power used
in heating or the heat dissipated in the circuit
(which may be considered sometimes as an un-
desired power loss) can be determined by sub-
stitution in the following equations.

Power (watts)=EI
We alrcady know that E=/R
Therefore, P=IRXI=I*R

Also, =%z

It will be noted that if the current in a resistor
and the resistance value are known, we can
readily find the power. Or if the voltage across a
resistance and the current through it are known
or measured by a suitable voltmeter and am-
meter, the product of volts and amperes will
give the instantaneous power. Knowing the ap-
proximate value of a resistor (ohms) and the ap-
plied voltage across it, the power dissipated is
given by the last formula.

Just as we can measure power dissipation in a
resistance, we can determine the plate power
input to a vacuum-tube transmitter, oscillator
or amplifier, by the product of the measured plate
voltage and plate current. Since the plate cur-
rent is usually measured in milliamperes (thou-
sandths of amperes), it is necessary to divide
the product of plate volts and milliamperes by
1000 to give the result directly in watts.

Part C of the diagram, showing the variation
of output of a generator with different resistance
loads, suggests how a voltmeter and ammeter
may be connected for measuring the power out-
put of the generator or the power dissipated in
the resistor. The power will be E X/ in all cases,
but this product will be zero in either A or B
where either I or E is zero. As shown by the
sketch the maximum power in the load (but not
maximum efficiency) is obtained when the load
resistance equals the internal resistance of the
battery or generator.

Alternating Current Flow
A In all of these examples we have been assuming
that direct currents are being considered. When
we impress an alternating voltage on circuits such

as those discussed we will cause an alternating
current to flow, but this current may not be of
the same value as it would be with direct current.
In many instances, such as that of a vacuum tube
filament connected to a source of alternating cur-
rent by short wires, the behavior of the circuit
would follow Ohm’s Law as it has been given and
if alternating current meters were used to read
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the current and voltage we could compute the
resistance of the circuit with sufficient accuracy
for all ordinary practical purposes. Should there
be a coil of wire in the circuit, however, or any
electrical apparatus which is not a pureresistance,
it would not necessarily be possible to apply our
simple formula with satisfactory results. An
explanation of the reason for this involves an
understanding of the characteristics of other
electrical apparatus, particularly of coils and
condensers, which have very important parts to
play in all radio circuits.

Electromagnetism
A When any electric current is passed through a
conductor, magnetic effects are produced. Mov-
ing electrons produce magnelic fields. Little is
known of the exact nature of the forces which
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come into play but it is assumed that they are in
the form of lines surrounding the wire; they are
termed lines of magnetic force. It is known that
these lines of foree, in the form of concentric
cireles 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 flowing through
the wire. When the current is started through the
wire, we may think of the magnetic field as com-
ing into being and sweeping outward from the
axis of the wire. And on the cessation of the cur-
rent flow, the field collapses 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 there
are more lines of force. The foree is expressed in
terms of magneto-motive force (m.n.f.) which de-
pends on the number of turns of wire, the size of
the coil and the amount of current flowing
through it. The same magnetizing effect can be
secured with a great many turns and a wenk
current or with fewer turns and a greater current.
If ten amperes flow in one turn of wire, the mag-
netizing effect is 10 am pere-trrns. Should one am-
pere flow in ten turns of wire, the magnetizing
effeet is also 10 ampere-turns,

The length of the magnetic circuit, the material
of whiceh it is made and the cross-sectional areq,
determine what magnetic flur (@) will be pres-
ent. And just as the resistance of the wire deter-
mines what current will flow in the clectric
cireuit, the reluctance (u) of the magnetic circuit
(depending on length, area and material) acts
similarly in the magnetic circuit.

E
7 =2 in the electric circuit; so

m.m.f. L
& =—in the magnetic circuit.

The magnetic field about wires and coils may
he traced with a compass needle or by sprinkling
iron filing= on a sheet of paper held about the coil
through which current is passing. When there is
an iron core the increased magnetic force and the
coneentration of the field about the iron are
readily discernible.

DPermealility is the ratio hetween the flux
density produced in a material by a certain m.m.f,
and the flux density that the same momf. will
produce in air, Iron and nickel have higher per-
meability than air. Iron has a permeability some
3000 times that of air, is of low cost, and ix there-
fore very commonly used in magnetic circuits of
electrical devices. The permeability of iron varies
somewhat depending on the treatment it receives
during manufacture. Soft iron has low reluctivity,
another way of sayving that its permeability is
extremely high. The molecules of soft iron are
readily turned end to end by bringing a current-

carrying wire or a permanent magnet near. When
the influence is removed they just as quickly
resume their former positions.

When current flows around a soft iron bar we
have a magnet. When the cireuit is hroken so the
current cannot flow, the molecules again assume
their hit-or-miss positions, Little or no magnetic
effect remains. When a steel bar is subjected to
the same magneto-motive force in the same way,
it has less magnetic effect. However, when the
current is removed, the molecules tend to hold
their end-to-end positions and we have produced
a permanent magnet. Compass needles are made
in this way. Permanent magnets lose their mag-
netism only when subjected to o reversed m.m.f.,
when heated very hot or when jarred violently.

Inductance

A The thought to be kept constantly in mind is
that whenever a current passes through a coil it
sets up o magnetic field around the coil; that the
strength of the field varies as the current varies;
and that the direction of the field is reversed if the
direction of current flow is reversed. It is of inter-
est now to find that the converse holds true —
that if a magnetic field passes through a coil, an
electro-maotive foree is induced in the coil; that if
the applied field varies, the induced voltage
varies; and that if the direction of the field is
reversed, the direction of the current produced by
the induced voltage is reversed. This phenomenon
provides us with an explanation of many electri-
cal effects. It serves in the present instance to
give us some understanding of that valuable
property of coils — self-inductance. Should we
pass an alternating current through a coil of
many turns of wire, the field around the coil will
increase and decrease, first in one direction and
then in the other direction. The varying field
around the coil, however, will induce a varying
voltage in the coil and the current produced by
this induced voltage will always be in the oppo-
site direction to that of the current originally
passed through the wire. The result, therefore, is
that because of its property of self-induetion, the
coil tends constantly to prevent any change in
the current flowing through it and hence to limit
the amount of alternating current flowing. The
effect can be considered as electrical inertia.
The formula for computing the inductanee of
radio-frequency coils ix given in the Appendix;
and data for iron-core coils in Chapter Ten.

The Reactancee of Coils
A As we have said, a coil tends to limit the
amount of current which an alternating voltage
can send through it. A further very important
fact is that a given coil with a fixed amount of
inductance will impede the flow of a high fre-
quency alternating current much more than a low
frequency current. We know, then, that the
characteristic of a coil in impeding an alternating
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current flow depends both on the inductance of

the coil and on the frequency of the current. This

combined effect of frequency and inductance in

coils is termed reactance, or induetive reactunce.
The inductive reactance formula is:

X, =2rfL

where: X, is the inductive reaetance in ohms
xis 3.1416
f is the frequency in cycles per second
L is the inductance in henries

Transformers and Generators

A We have stated that if a magnetic field passes
through a coil, an electromotive foree is induced
in the coil. Not only does this phenomenon pro-
vide us with an explanation of self-inductance in
coils but it permits an understanding of how
transformers and generators operate. Transform-
ers are very widely used in radio work — their
essential purpose being to convert an alternating
current supply of one voltage to one of higher or
lower voltage. In transmitters, for instance, there
will be one or more transformers serving to step
down the 110-volt supply voltage to 7.5, 10 or 11
volts for the filaments of the transmitting tubes.
Then there will be another transformer to step up
the 110-volt supply to 500, 1000 or perhaps
severul thousand volts for the plate supply of the
transmitting tubes. These transformers will con-
sist of windings on a square core of thin iron strips.
The 110-volt supply will flow through a primary
winding and the magnetic field ereated by this
current flow, because it is common to all windings
on the core, will induce voltages in all the wind-
ings. Should one of the secondary windings have
twice the number of turns on the primary wind-
ing, the secondary voltage developed will bhe
approximately twice that of the primary voltage.
Should one of the secondary windings have one
third of the primary turns, the voltage developed
across the secondary will be one third the primary
voltage. Direct current flowing in the primary of
sueh a transformer would build up a magnetie
field as the current started to fow but the field
would be a fixed one. So long as the primary
current remained steady there would be no
voltages developed in the secondaries. This is the
reason why transformers cannot be operated from
a souree of continuous direct current.

A somewhat similar arrangement is to be found
in the alternating current generator — a simpli-
fied diagram of which is shown in IFFig. 305. In
one common form of alternator, the magnetic
field is fixed and voltages are induced in the coil
by its rotation in the field. The result is exactly
similar to that which would be obtained if the
coil was fixed and the field rotated around it. As
the coil turns at a uniform rate from the vertical
position, it is cut by an inereasing number of
magnetic lines of force and the induced voltage
increases until it becomes a maximum when the

coil is horizontal. As the coil continues to rotate
towards the vertical position the induced voltage
deereases until it beeomes zero when the coil is
again in the vertical plane. When the coil con-
tinues its rotation from this position, the direc-
tion of the field with respect to the turns of the
coil has now been reversed and the voltage
hetween the ends of the coil has therefore been
reversed also. As the coil continues its rotation,
the voltage again climbs to a maximum and falls
to zero when the coil reaches its original vertical
position. In the actual generator, of course, the
rotation of the coil (the arinature) is very rapid.
The speed of rotation in the elementary machine
shown in the diagram would directly govern the
frequency of the alternating voltage produced.
In the practical alternator, of course, the
arrangement is much more complex and the
electro-magnet which produces the field may have
many pairs of poles. A similar machine is used to
generate direct current. The chief difference in it
is that a eommutator is provided on its shaft to
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rectify the output of the armature. This process
involves changing the direction of every alternate
half-cycle — so causing all the pulses of voltage
generated to be in the same direction.

Condensers — Capacitance
A In radio circuits condensers play just as im-
portant a part as coils. Condensers and coils, in
fact, are almost always used together. The
condenser consists essentially of two or more
metal plates separated by a thin layer of some
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insulating medium from a second similar plate or
set of plates. The insulating medium between the
metal elements of the condenser is termed the
dielectric. Unvarying direct current cannot flow
through a condenser because of the insulation
between the plates. But a steady voltage applied
to the terminals of such a condenser will cause it
to become charged. The effect, to return to a dis-
cussion of electrons, is simply that one element
of the condenser is provided with an excess of
electrons — thus becoming negatively charged —
while the other plate suffers a deficiency of elec-
trons and is therefore positively charged. Should
the charging voltage be removed and the two
elements of the condenser be joined with a con-
ductor, a flow of electrons would take place from
the negative to the positive plate. In other words,
a current would flow.

The characteristic which permits a condenser
to be charged in this manner is termed capacity
or capacitance. The capacity of a condenser de-
pends on the number of plates in each element,
the area of the plates, the distance by which they
are separated by the dielectric and the nature of
the dielectric. Glass or mica as the dielectric in a
condenser would give a greater capacity than
air — other things being equal. The dielectric
constants for different materials and the formula
used for computing the capacity of condensers are
to be found in the Appendix.

The unity of capacity is the farad. A condenser
of one farad, however, would be so large that its
construction would be impractical. A more com-

FORMS OF CONDENSERS

The variable condenser symbols are interchange-
able. Both are widely used.

mon term in practical work is the microfarad
(abbreviated ufd.) while another (used particu-
larly for the small condensers in high-frequency
apparatus) is the micro-microfarad (abbrevi-
ated uufd.). The ufd. is one millionth of a farad;
the pufd. is one millionth of a microfarad.

A considerable variety of types of condensers is
used in radio work. Perhaps the most commonly
known type is the variable condenser — a unit
comprising two sets of metal plates, one capable
of being rotated and the other fixed and with the
two groups of plates interleaving. In this case, the
dielectric is almost invariably air. The fixed con-

denser is also widely used. One type consists of
two sets of metal foil plates separated by thin
sheets of mica, the whole unit being enclosed in
molded bakelite. Yet another type — usually of
high capacity — consists of two or more long
strips of tin foil separated by thin waxed paper,
the whole thing being rolled into compact form
and enclosed in a metal can. Common units of
this type have capacities of from one to four
microfarads.

Alternating Current in a Condenser

A We can readily understand how very different
will be the performance of any condenser when
direct or alternating voltages are applied to it.
The direct voltages will cause a sudden charging
current, but that is all. The alternating voltages
will result in the condenser becoming charged
first in one direction and then the other — this
rapidly changing charging current actually being
the equivalent of an alternating current through
the condenser. Many of the condensers in radio
circuits are used just because of this effect. They
serve to allow an alternating current to flow
through some portion of the circuit but at the
same time prevent the flow of any direct current.

Capacitive Reactance

A Of course, condensers do not permit alternating
currents to tlow through them with perfect ease.
They impede an alternating current just as an
inductance does. The term capacitive reactance is
used to describe this effect in the case of con-
densers. Unlike inductances, condensers have a
reactance which is inversely proportional to the
condenser size and to the frequency of the
applied voltage. The formula for capacitive
reactance is
1

Xe= 2nfCra.

where X, is the capacitive reactance in ohms
w is 3.1416
f is the frequency in cycles per second
C1. is the condenser capacitance in farads.

Wlhere the capacitance is in microfarads (ufd.),
as it is in most practical cases, the formula
hecomes

10¢

-
° 21I'fC“fd_

10® being 1,000,000.

Condenser Connections

A Capacitances can be connected in series or
in parallel like resistances or inductances. How-
ever, connecting condensers in parallel makes the
total capacitance greater while in the case of
resistance and inductance, the value is lessened
by making a parallel connection.

The equivalent capacity of condensers con-
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nected in parallel is the sum of the capacities of
the several condensers so connected:

C=C14+C+Cs

The equivalent capacity of condensers con-
nected in series is expressed by the following
formula which can be simplified as shown when
but two condensers are considered:

1 1 1 1, C\C,
ccotate’ “Tora
It is sometimes necessary to connect filter

condensers in series, This increases the break-
down voltage of the combination although, of
course, it decreases the capacity available. Con-
densers of identical capacitance are most effec-
tively connected in series for this purpose. Voltage
tends to divide across series condensers in inverse
proportion to the capacity, so that the smaller of
two series condensers will break down first if the
condensers are of equal voltage rating. Before
selecting filter condensers the operating con-
ditions, voltage peaks and r.m.s. values should
be carefully considered. For complete information
on this matter the chapter on Power Supply
should be consulted.

Distributed Inductance, Capacity and
Resistance

A So far we have considered three very important
properties of electrical circuits and apparatus:
Resistance, inductance and capacity. Resistors,
coils and condensers are all built to have as much
as possible of one of these properties with as little
as possible of the other two. These “lumped”
properties can then be utilized in a circuit to
produce the required effect on the current and
voltage distribution. In every sort of coil and
condenser, however, we find not just the one
property for which the instrument is used but
a combination of all the electrical properties we
have mentioned. And for this reason most design
work is somewhat of a compromise. Every coil
and transformer winding has resistance and dis-
tributed capacity between the turns in addition
to the inductance that makes it a useful device.
Then, every condenser has some resistance. Re-
sistors, as another example, quite often have
appreciable inductance and distributed capacity.

Ohm’s Law for Alternating Current

A We start to realize the importance of these
characteristics just as soon as we endeavor to
apply Ohm’s Law to circuits in which alternating
current flows. If inductances did not have any
resistance we could assume that the current
through the coil would be equal to the voltage
divided by the reactance. But the coil will have
resistance, and this resistance will act with the
reactance in limiting the current flow. The com-
bined effect of the resistance and reactance is
termed impedance in the case of both coils and

condensers. The symbol for impedance is Z and
it is computed from this formula:

Z=V R+ X2
where R is the resistance of the coil and where X
is the reactance of the coil. The terms Z, R and
X are all expressed in ohms. Ohm’s Law for alter-
nating current circuits then becomes
E E
I== Z== E=IZ
Z I
In finding the current flow through a condenser
in an alternating current circuit we can often

assume that J =£’— (X, being the capacitive re-
(]

actance of the condenser). The use of the term
Z (impedance) is, in such cases, made unneces-
sary because the resistance of the usual good
condenser is not high enough to warrant con-
sideration. When there is a resistance in series
with the condenser, however, it can be taken into
account in exactly the sime manner as was the
resistance of the coil in the example just given.
The impedance of the condenser-resistance com-
bination is then computed and used as the Z term
in the Ohm’s Law formulas.

The Sine Wave

A In Fig. 305, illustrating the action of the alter-
nator in generating an alternating voltage, a
curve indicating the voltage developed by the
alternator during one complete cycle was shown.
This curve, as obtained with a theoretically per-
fect alternator, is known as a sine curve. All the
formulas given for alternating current circuits
have been derived with the assumption that any
alternating voltage under consideration would
follow such a curve. It is evident that both the
voltage and current are swinging continuously
between their positive maximum and negative
maximum values, and the beginner must wonder
how one can speak of so many amperes of alter-
nating current when the value is changing con-
tinuously. The problem is simplified in practical
work by considering that an alternating current
has a value of one ampere when it produces heat
at the same average rate as one ampere of con-
tinuous direct current flowing through a given
resistor. This effective value of an alternating
current, if it truly follows a sine curve or has a
sinusoidal wave form, is equal to the maximum or
peak value divided by 1.41, the square root of 2.
Similarly, the effective value of an alternating
voltage is its peak value divided by 1.41.
Another important wvalue, involved where
alternating current is rectified to direct current, is
the average. This is equal to .636 of the maximum
(or peak) value of either current or voltage. The
three terms maximum (or peak), effective (or
r.m.s.) and average are so important and are en-
countered so frequently in radio work that they
should be fixed firmly in mind right at the start.
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They are related to each other as follows:

Epax = et X1 414 = Ea\'c X1.57
Eep =Enux X707 =E, . X111
Euvo =Emux X.636 =Ecﬁ’><.9

The relationships for eurrent are the same as
those given above for voltage. The usual alter-
nating current ammeter or voltmeter gives a
direct reading of the effeetive or r.nm.s. (root mean
square) value of eurrent or voltage. A direct
current ammeter in the plate cireuit of a vacuum
tube approximates the average value of reetified
plate current. Maximum values can be measured
by a peak vacuum-tube voltmeter such as is
described in the chapter on Radiotelephony.

Phasc Angle

A It hasbeen mentioned that in a eircuit contain-
ing induetance, the rise of current is delayed by
the effect of electrieal inertia presented by the in-
duetanee. 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 eharged and so provide a voltage difference
between its terminals. Because of these faets, we
say that a current “lags” hehind the voltage in
a circuit which has a preponderance of induetance
and that the eurrent “leads” the voltage in a
eireuit where eapaeity predominates. Fig. 306
shows three possible conditions in an alternating
eurrent eireuit. In the first, when the load is a
pure resistanee, hoth voltage and current rise to
the maximum values simultaneously. In this
case the voltage and eurrent are said to be in
phase. In the seeond instance, the existence of
induetanee in the eireuit has caused the current

to lag hehind the voltage. In the diagram, the
current is lagging one quarter eycle behind the
voltage. The current is therefore said to be 90
degrees out of phase with the voltage (360 degrees
heing the complete cycle). In the third example,
with a capacitive load, the voltage is lagging
one quarter cycle hehind 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 de-
pends on the ratio of reactance to resistance in
the circuit.

Power Factor

A In adirect current circuit or in an alternating
current cireuit containing only resistance, the
power can be computed readily by multiplying
the voltage by the current. But it is obviously
impossible to compute power in this fashion for
an alternating current cireuit in which the cur-
rent may be maximum when the voltage is zero;
or for any case in which the voltage and eurrent
are not exactly in phase. In computing the power
in an a.c. circuit we must take into account any
phase difference between current and voltage.
This is made possible by the use of a figure repre-
senting the power factor.

The power factor is equal to the actual power in
the circuit (watts) divided by the product of the
current and voltage (volt amperes). In terms of a
circuit property, it is equal to the resistance di-
vided by the impedance in the circuit. In the ease
of a cireuit eontaining resistance only, the ratio
and, hence, the power factor, is I or 1009, (unity).
If there is reactance only in the cireuit (zero re-
sistance), then the power faetor is zero. In eir-
cuits eontaining hoth resistance and reaetanece
the power factor lies between these two values.
Ax instances, a good eondenser should have nearly
zero power factor, as should a good choke coil.
Resistors for use in a.ce. circuits should, on the
other hand, have a power factor approaching

100%.

Practical ’roblems

A It is surprising how many practieal uses may
be found for the fundamental information and
formulas set forth in this chapter. A brief study
of the equations and explanations with the few
examples that will now follow will enable you
to apply Ohm’s Law and other eleetrieal relations
to determining praetieal things that arise in
planning, building and operating even the sim-
plest amateur station equipment. The problems
which follow will serve as examples of some of the
different things taken up in this chapter.

Plate Power Input
A A certain transmitter has an output stage in
which a single 203-A tube is employed. A high-
voltage voltmeter is connected aeross the plate
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supply cireuit and a milliammeter of suitable 1000 X ,s2=10 watts, which must be dis-

range used in the eircuit =0 ax to measure the eur-
rent of this tube only. We have seen that P=
EXI. Therefore, assuming that the meters read
1125 volts and 125 milliamperes, the plate input

125

power will be 1125 X oo 140.6 watts,

00

Resistance of a Grid Leak
A Tt is necessary to determine whether a resistor
has a resistanee which would make it suitable
for a grid leak for a Tvype 10 transmitter, either
used separately or in conneetion with other re-
sistors of the same type. A 90-volt B-battery and
a 0-50 ma. seale millinmmeter are available. The
hattery is connected to the unknown resistor
through the meter which is observed to read 10
milliamperes. The resistance ix next calculated
from Ohm’s Law: R=FE 71.50-.010 =900 ohms.

Measuring Grid Bias Voltage

A When the grid-leak resistance is known, the
eurrent through the grid leak measured by a
milliammeter of suitable range enables us to cal-
culate the voltage drop across the resistor, which
is the same as the bias between grid and filament.
For example, 9000-ohm resistor is used biasing
a Type 10 tube in the r.f. amplifier stage of a
small oscillator-amplifier transmitter. A milliam-
meter connected in series with the resistors reads
21 milliamperes. Caleulating the voltage drop by
Ohm’s Law (K= RI) we have the bias as 9000X
.021, which equals 189 volts (a high value).

Resistanee Value for Dropping Mlate Voltage
A The transformer output goes to a tube reetifier
through a filter which has a 70-hebry choke in
one lead. After keving in the negative lead the
current passes through a 3-henry “keving”
filter choke to the plates of two Type 10 tubes.
There is some voltage drop in the rectifier tubes
and in the resistance of the two choke-coil wind-
ings. In addition to this, a resistor may he added
in series with the keving choke winding to drop
the voltage further so our tube will operate nor-
mally with about 400 volts d.c. on its plate. The
proper size of this resistor ix quiekly found by
using Ohm'’s Law. If it is dexsired to produee a
drop in voltage of about 100 volts, divide this
value by the estimated plate current, let us say
100 ma. or .1 ampere. (R=E 1)

»'i:(] = 1000 ohms,

Size Resistor to Handle a Given Current
A In purchasing resistors, be sure they are of
ample size to dissipate the heat that will be
produced by the current they will have to carry.
The power that must be dissipated in heating is
W =1'R (watts).

sipated by the resistor for dropping the plate
voltage to two Type 10 tubes. Examining manu-
faeturers’ lists, this size can be used, but a 20-
watt resistor is reeommended to give long life and
keep the maximum temperatures low. It is best
to allow 40 per eent or 50 per cent factor of
safety, sinee resistors are usually rated for their
maximum allowable dissipation mounted in frec
space. Actuadly, the heat radiation is limited by
mounting resistors near other apparatus. Heat
also should be kept away from filter condensers or
any other apparatus whose life varies inversely
with temperature.

Transformer Qutput Current to Resistance
Load
A The transformer is rated at 100 watts (v.a.)
which means that it will deliver
W 100

= = =900.9 ma.
E 1100

Capacities

A A tixed condenser of 250 pufd. is eonneeted in
parallel with two variable air condensers having a
maximum capaeitance of 140 gufd. and 0005
ufd., respectively. What is the total eapaeitance
obtainable for any adjustment or setting of the
condensers? First it is necessary to change the
ratings to either microfarads or miero-micro-
farads to get the three units on the same basis.
The answer will be either:
2504+ 1404500 =890 pufd. (micro-mierofarads)

or
00025 +.00014 +.0005 = .00089 ufd. (miero-

farads).

Assume the three eapacities to be connected
in series, Let us determine the equivalent lumped
capacity:

11 1 1 1 1 1
= =t — 4 — =
 ( - (s i 'y 250 140 ki 500
004+.00715+.002 =.01315
(' =76.04 uufd. (micro-microfarads).

Condenser Reactance
A Ahigh-voltage power-supply transformer may,
under certain conditions, require protection of
the windings from voltages built up due to leak-
age of high-frequency currents baek through r.f.
ehokes and the filter, or due to r.f. induced in
power-supply leads located in the field of the
high-power stage of a transmitter. The same
circumstances can eause hreak-down of insulation
in filament transformers. At any rate it will he
assumed that we have a 7200-ke. transmitter
and that it is desired to conneet a small eondenser
across the high-voltage winding to by-pass cur-
rent of this radio frequeney. Remembering that
the higher the frequency s, the lower the reactance
of « condenser, we judge that a small eondenser
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will sufficiently by-pass the radio-frequency
current, preventing the undesired r.f. voltage
from building up across our transformer winding
(or a choke coil, milliammeter or other piece of
apparatus could be protected similarly).

Finding a .02-pfd. mica-insulated transmitting
condenser available, rated to withstand 2000
volts, we decide to consider what may happen
if we connect it across the transformer secondary.

First of all to see if it will be practical and ac-
complish the result we want, let’s find (a) what
the reactance of the condenser to the 7200-ke.
(7,200,000-cycle) voltage which has strayed into
the circuit will be; and (b) what the reactance
will be to the 60-cycle source. In the formula the
units are cycles and farads so we must remember
to use the proper conversion factors.

(8) Xo=1=+2xfC
=1+6.28 X 7,200,000 X.02 X 10~
=1+6.28X7.2X.02
=1/.904
=1.105 ohms

reactance at this frequency. This is an extremely
low value which will readily by-pass r.f. and
prevent any harmful voltages building
up across an inductance.

diagrams are used in all electrical work because
they save so much space and time when discussing
the various circuits. Photographs of apparatus
show the actual arrangement used but the wiring
is not as clear as in the schematic diagrams.
In building most apparatus a schematic diagram
and a photograph will make everything clear.
It is suggested that the beginuer carefully com-
pare a few pictures and schematic diagrams if not
entirely familiar with the latter.

The symbols used in schematic diagrams
throughout this book will be easily understood by
reference to the Fig. below. Most of the diagrams
shown are plainly labelled or worded so that it is
only necessary to know the general scheme which
differentiates coils, condensers, and resistors to
read the diagram. Reference to the text will help
in understanding fully what is intended, since
diagrams and text have been prepared to com-
plement each other. In general, coils are indicated
by a few loops of wire, resistances by a jagged line,
and variable elementsin the circuit by arrowheads.
If a device has an iron core it is usually shown by
a few parallel lines opposite the loops indicating
coils or windings.

SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS

(b) X, =1+2xfC
- =1+6.28X60X.02X10"*
=132,800 ohms

reactance at 60 cycles.

Current Through a Reactance

A The transformer is a small one and so
we cannot be sure until we figure it out
whether the secondary current taken
by the protective condenser and the set
combined will be likely to overheat the
transformer or not. The plate trans- **
former we happen to have has a ratio

of 10:1 and delivers 1100 volts (eﬁ'ective

value) when run normally. The 60-cycle *
current through the condenser will be:

e

Fe

E 1100
~E_ =.0083

X, 132,300 Sl
=8.3 ma.

Reading Diagrams — Schematic
Symbols

A Schematic diagrams show the dif-
ferent parts of a circuit in skeleton
form. Pictures show the apparatus as
it actually appears in the station or
laboratory. A little study of the symbols used
in schematic diagrams will be helpful in un-
derstanding the circuits that appear in QST and
in most radio books. The diagrams are easy to
understand once we have rubbed shoulders with
some real apparatus and read about it. Schematic
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CHAPTER FOUR

RADIO FUNDAMENTALS

IN OUR discussion of fundamental
principles, we have seen how a flow of electrons
through a wire constitutes an electric current,
and how this current, under certain conditions,
gives rise to electric and magnetic effects as
changes in the current flow take place. In addition
to the effect which resistance produces in direct
and alternating current circuits, we have learned
how an inductance or coil tends to prevent any
change in the current flowing through it because
of the existence, around the coil, of a magnetic
field, which varies in strength with every varia-
tion in the current flow. We have also seen how
this field around a coil can link
with the turns of a second coil,
so inducing voltages in it — volt-
ages which vary in accordance
with the changes in the original
current flow. Further, we have
seen how a condenser can be
charged by an applied voltage
and how the energy represented
by this charge can cause a current
to flow in any conductor which is
connected across the condenser
terminals. Lastly, we have
learned that in an alternating
current circuit, inductance causes
the current to lag behind the
voltage while capacity causes the
current to lead the voltage.

Equipped with an under-
standing of these principles we
are now ready to study induc-
tance, capacitance and resistance
as combined in the circuits of our
radio transmitters, receivers and
other equipment. Examination
of the circuit diagram of almost
any piece of radio equipment will it i
reveal one or more combinations
of coil and condenser (inductance
and capacitance) and, hence,
of inductive reactance and ca-
pacitive reactance. Let us now consider how they
work together to form the tuned circuit.

The Tuned Circuit
A Let us assume that a condenser C and coil L
are connected as shown in Fig. 401, and that the
condenser is initially charged as indicated in A,
one plate having a surplus of electrons and there-
fore being negative while the other plate, being
correspondingly deficient in electrons, is positive.
The instant that the condenser plates are con-

B - Electromagnetic Energy Stored In
ol Mognelic Freld Sweeps Qutward.

C - Electromagnetic Field of Corl Collopses
En¢7¢ returned to Condenser, charging
Peverse of initial polarrty.

FIG. 401 — A HALF-CYCLE OF
OSCILLATION IN A RESONANT
CIRCUIT

nected together through the coil L there will
start a flow of current as shown by the arrow in B.
The rate of flow of current will be retarded by the
inductive reactance of the coil and the discharge
of the condenser will not be instantaneous even
though the velocity of flow is constant. As the
current continues to flow from the condenser into
the coil, the energy initially stored in the con-
denser as an electrostatic field will become stored
in the electromagnetic field of the coil. When
substantially all the energy in the circuit has
become stored in this field the lines of force
about the coil begin to collapse, and thus cause
a continued flow of current
through the circuit, the flow
being in the same direction as
the initial current. This again
charges the condenser but in
opposite polarity to the initial
charge. Then, when all the
energy again has been stored
in the condenser, the sequence
is repeated in the opposite
direction. The process is one of
osctllation. During one complete
cycle the energy is alternately
stored in the condenser and in
the coil twice, and there is one
reversal in the direction of
current flow. This represents a
complete cycle of alternating
current. The process would con-
tinue indefinitely were there only
inductance and capacitance in
the circuit but, as has been
pointed out in Chapter Three, all
circuits contain some resistance.
Therefore during each cycle a
part of the energy will be dissi-
pated in the resistance as heat,
each cycle will be of lesser am-
plitude than the preceding one
and the process will finally stop
because there is no longer energy
to sustain it. This damping caused by resistance
is overcome in practical circuits by continuously
supplying energy to replace that dissipated in
resistance of one form or another, as will be
shown later.

Oscillation Frequency and Resonance

A Insuch an oscillatory circuit, the larger the coil
is made the greater will be its inductance and the
longer will be the time required for the condenser
to discharge through it. Likewise, the larger the
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condenser and the greater its capacitance, the
longer it will take to charge or discharge it. Nince
the velocity of the current flow is substantially
constant, it is clear that the circuit with the
larger coil or condenser is going to take a longer
period of time to go through a complete eyele of
oscillation than will a cireuit where the indue-
tance and capacitance are small. Putting it
differently, the number of cyeles per second will

1 o_“c_°

=
=
= R

o/tage -
Vorrable
F/'tyoency

A-~SERIES RESONANCE

r" Constont

Vo/toge ~
rR.T Voriable
o} Freguency

B- PARALLEL RESONANCE

CURRENT IN SERIES CIRCUIT—AMPERES
IMPEDANCE OF PARALLEL CIRCUIT-OMHMS
RESONANCE

INCREASING FREQUENCY ——>=

FIG. 402 — CHARACTERISTICS OF SERIES AND
PARALLEL RESONANT CIRCUITS

be greater as the inductance and capacitance
values become smuller. /ence the smaller the coil
or condenser, or both, in the tuned circuit, the higher
will be the frequency of vseillation.

The important praetical aspect of all this is
that in any eircuit containing capacitance,
inductance and not too nmueh resistance, the
introduction of a pulse of electrieal energy will
cause an alternating current oscillation of a
frequency determined solely by the values of
inductance and capacitance;and that forany com-
bination of induetance and capacitance there isone
particular frequency of applied voltage at which
current will flow with the greatest ease, Reealling
the explanations of inductive reactance and ca-
pacitive reactance given in Chapter Three, this
hecomes readily understandable. It has been
shown that the induetive reactance of the coil and
the capacitive reactanee of the condenser are oppo-
sitely affected with frequeney. Inductive rene-
tance increases with frequeney: capacitive reace-
tance decreases axthe frequency increases. In any
combination of inductance and capacitance,
therefore, there is one partieular frequency for
whieh the inductive and capacitive reactances are
equal and, since these two reactances oppose
each other, for which the net reactance becomes
zero, leaving only the resistance of the cireuit to
impede the flow of current. The frequency at
which this occurs is known as the resonant
Srequencey of the circuit and the circuit issaid to be
in resonance at that frequency or funed to that fre-
quency.

In practical terms, since at resonance the in-
ductive reactance must equal the capacitive
reactance, then

N = .\'(‘ or ..,’7rfl, =~"7:f( s

The resonant frequencey is, therefore,

1
= ~ X168
4 nv LC

where

[ is the frequeney in kiloeyeles per second

27 is 6.28

L is the inductanee in mierohenries (uh.)

(" ix the eapacitance in micro-microfarads (uufd.)

Series and Parallel Resonance — Effect of

Resistance
A In the simple tuned eireuit just diseussed the
elements, inductance and eapacitance, were
considered with respeet to each other but not in
combination with other circuit elements ns they
are usually encountered in practical applieations.
In our radio transmitters, and in receivers as well,
the tuned eircuit is invariably associated with a
source of cleetrieal energy and also is usually
coupled’to still other cireuits to which it transfers
energy.

All practical tuned cireuits can be treated as
either one of two general types. One is the
sertes resonant cireuit in which the induetance,
capacitance, resistance and source of voltage are
in =eries with each other. With a constant-voltage
alternating current applied as shown in A of Fig.
402 the current flowing through such a eircuit will
he maximum at resonant frequency. The magni-
tude of the current will be determined by the
resistunee in the eircuit. The curves of Fig. 402
illustrate this, curve a being for minimum resist-
ance and curves h and ¢ being for greater
resistances.,

The second general case is the parallel resonant
circuit illustrated in B of IFig. 402. This also con-
tains inductance, capacitance and resistance in
series, but the voltage is applied in parallel with
the combination instead of in series with it as in
A. Here we are not primarily interested in the
current flowing throwgh the cireuit but in its
characteristies as viewed from its terminals,
especially in the parellel impedancee it offers. The
ariation of parallel impedance of a parallel
resonant eircuit with frequency is illustrated by
the same curves of Fig, 402 that show the varia-
tion in current with frequency for the series
resonant circuit. The parallel impedance is maxi-
mum 2t resonance and increases with decreasing
series resistance. Although hoth series and paral-
lel resonant circuits are generally used in radio
work, the parallel resonant circuit is most fre-
quently found, as inspeetion of the diagrams of
the equipment described in subsequent chapters
will show.

High parallel impedance is generally desirable
in the parallel resonant circuit and low scries
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impedance is to be sought in series resonant cir-
cuits, Hence low series resistanee is desirable in
both cases. Al frequencies other than resonance
SJrequency, the sertes resonunt cireatl has capoetlive
reactance  for  frequencies  below and
inductive reactance for frequencies above resonance
Jrequency, while the parallel resonant circuit offers
tndictive reactance at frequencies below resonanee
and capacilive  reaclunce  for  frequencies  above
resonance,

It is to be noted that the curves become
“flatter” for frequencies near resonance fre-
quency as the resistance is increased, but are
of the same shape for all resistanees 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 scleetivity (ability to dis-
criminate between voltages of different fre-
quencies) in such circuits. This is an important
consideration in tuned ecireuits used for radio
work. Since the effective resistance is practically
all in the coil, the condenser resistance being
negligible, the eflicieney of the coil is the impor-
tant thing determining the “goodness of o tuned
cireuit. A useful measure of coil eflicieney, and
henee of tuned eircuit selectivity, is the ratio of
the coil’s reactance to its effective resistance.
This ratio will be recognized as an approximation
of the reciproeal of the cireuit property of power
factor discussed in Chapter Three, and is desig-
nated by Q.

resonanee

2rfl
R

A Q of 100 would be considered high for coils
used at the lower amateur frequencies, while the
Q of coils for still lower frequencies may run into
the hundreds.

Q=

Coupled Circuits

A Resonant eircuits are not found in an ixolated
state in very many instances but are usually
associnted with other resonant circuits or are
coupled toother cireuits. It is by such coupling that
energy is transferred from one eireuit to another,
Such coupling may be direct, as shown in A, B
and C of Fig. 403, utilizing ax the common cou-
pling element, capacitanee (A), resistance (B) or
inductance (C). These three types of coupling
are known as direct capactlive, direel resistive or
direct induclive, respectively. Current circulating
in the L,("; branch flows through the common
element (C', I or L) and the voltage developed
across this element causes current flow in the
(31, branch. Other types of coupling are the
indirect capacilive and magnetic or inductive shown
helow the others. The coupling most common in
high-frequency circuits is of the latter type. In
such an arrangement the coupling value may he
changed by changing the number of active turns
in either coil or by changing the relative position

of the coils (distance or angle hetween them). The
arrangement then performs in & manner similar to
the transformer deseribed in the previous chapter.

All of the above coupling schemes may be
classified as either tight or loose. Coupling can-
not, however, be measured simply in “inches”
separation of coils, The sepuration between the
coils (distance and angle between axes) and the
inductanee in each determine the coefficient of
coupling. Many turns in two coils very close
together give us tight coupling and a big transfer
of power. Few turns at right angles or far apart
give us loose coupling with little actual energy
transfer. “ Tight”” coupling ix not necessarily the
hest coupling, it should be kept in mind. Too-
tight coupling will give & double-humped reso-
nance effect and should be avoided.

Radio Frequeney Resistance — Skin Effeet
A The effective resistance of conductors at radio
frequencies may be hundreds of times the
“ohmie” resistance of the same conductors as it
would be mensured for direct current or low
frequency alternating curvent. This is largely due
to the skin effeet, so called because the current
tends to concentrate on the outside of the con-
duetor, leaving the inner portion carrying little
or no current, It is for this reason that hollow
copper tubing is widely used in the coils and con-
nections of high-frequency eireuits. However, the
current may not be distributed uniformly over the
surface, With flat conductors the current tends to
concentrate at the edges and with square con-
ductors it tends to eoncentrate at the corners.
ITence the popularity of round copper tubing in

radio transmitters, In addition to the skin effect,

Sy
L T
A
Direct coupling mt/b condelz.re;rszo;or coil,
3 it
S E3 E = = ;E/E’ ==
Indirect Ca,oaal/ve Caupling Magnetic Coupling
FIG. 103 — COMMON TYPES OF COUPLED

CIRCUFES

dielectrie losses due to insulators and resistance
losses in other eonductors in the field of the
conductor contribute to its effective resistance.
The effective resistance s measured as the power
in the cirenil divided by the square of the maximum
cffective radio-frequency current.

Circuits with Distributed Constants —
The Antenna
A In addition to resonant circuits containing
lumped capacitance and inductance, there ore
important tuned circuits in which no condensers
and coils are to be found. Such cireuits utilize the



30 . The Radio Amateur’s Handbook « + -«

distributed capacitance and inductance that are
inevitable even in a circuit consisting of a single
straight conductor. Our transmitting and receiv-
ing antennas are such circuits and depend on
their distributed capacitance and inductance for
tuning. A peculiarity of such a “linear” circuit
is that when it is excited at its resonant frequency
the current or voltage, as measured throughout
its length, will have different values at different
points. For instance, if the wire happens to be one
in “free space” with both ends open circuited
(in other words, a Hertz antenna), when it is
excited at its resonant frequency the current will
be maximum at the cenler and zero at the ends. On
the other hand, the voltage will be maximum at the
ends and zero at 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 cancel at the ends.
A continuous succession of such incident and
reflected waves therefore gives the effect of a
standing wave in the circuit.

Frequency and Wavelength —
Harmonic Operation
A Instead of specifying the properties of a linear
circuit sueh as the antenna in terms of inductance

2nd Harmonic

Fundomental or 15¢
Harmonic

&

@ - Current Maxima (anti-nodes)

bedef — Current Nodes

FIG. 404 — CURRENT DISTRIBUTION IN AN AN-
TENNA OPERATING AS A LINEAR OSCILLATORY
CIRCUIT AT ITS FUNDAMENTAL, AND SECOND
AND THIRD HARMONICS

and capacitance it is customary to do so simply
in terms of length. This is possible because the
length of such a eircuit will be inversely propor-
tional to its resonant frequency, since the velocity
of the waves is practically identical for conduc-
tors of various materials, lengths and diameters.
This velocity is given as three hundred million
meters per second, corresponding to 186,000
miles per second. The wavelength is equal to the
velocity divided by the frequency, and is usually
expressed in meters and designated by the Greek
letter X. In practical terms,

300,000

A=
fke. '

where fi.. is the frequency in kilocycles.

The length of an antenna is specified in terms
of the wavelength corresponding to the lowest
frequency at which it will be resonant. This is
known as its fundamental frequency or wave-
length. As will be shown in the chapter on An-
tennas, this length is (very nearly) a half-wave-
length for an ungrounded (Hertz) antenna and a
quarter-wavelength for a grounded (Marconi)
antenna. Therefore it is common to describe
antennas as half-wave, quarter-wave, ete., for a
certain frequency (“half-wave 7000-ke. an-
tenna,” for instance).

Although a coil-condenser combination having
lumped constants (capacitance and inductance)
resonates at only one frequency, linear circuits
such as antennas containing distributed con-
stants resonate readily at frequencies which are
integral multiples of the fundamental frequency
(or wavelengths that are integral fractions of the
fundamental wavelength). These frequencies are
therefore in harmonic relationship to the funda-
mental frequency and, hence, are referred to as har-
monics. In radio practice the fundamental itself is
called the first harmonic, the frequency twice the
fundamental is called the second harmonic, and so
on. I'or example, a Hertz antenna having a funda-
mental of 1790 ke. (in the amateur 1750-ke. band)
also will oscillate at the following harmonic fre-
quencies: 3580 ke. (2nd), 5370 ke. (3rd), 7160 ke.
(4th), 8950 ke. (5th), 10,740 ke. (6th), 12,530 ke.
(7th) and 14,320 ke. (8th). Hence the one an-
tenna can be used for four amateur bands,
resonating at its first, second, fourth and eighth
harmonics. A “free” antenna (Hertz) may be
operated at the fundamental or any harmonic
frequency, odd or even; a grounded (Marconi)
type only at its fundamental or harmonies that
are odd multiples of the fundamental frequency.

Fig. 404 illustrates the distribution of the stand-
ing waves on a Hertz antenna for its fundamental,
second and third harmonics. There is one point of
maximum current with fundamental operation,
there are two when operation is at the second
harmonic and three at the third harmonic; the
number of current maxima corresponds to the
order of the harmonic and the number of standing
waves on the wire. As noted in the figure, the
points of maximum current are called anti-nodes
(also known as “loops”) and the points of zero
current are called nodes.

Because the velocity of the waves on the con-
ductor (antenna) is essentially the same as that
for the radio waves in space, wavelength is used
interchangeably with frequency in describing not
only antennas but also for tuned circuits, com-
plete transmitters, receivers, etc. Thus the terms
‘“high-frequency receiver” and ‘short-wave
receiver,’” or “75-meter fundamental antenna’
and ‘‘4000-kilocycle fundamental antenna’ are
synonymous. A chart showing the relationship
between frequencies and wavelengths, including
those of the amateur bands, is given in the Appen-
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dix. The resonance equation of a tuned circuit,
previously given for frequency, is expressed in
terms of wavelength as follows:

A=1.885V LunCuuta,
where

) is the wavelength in meters

Ly is the inductance in microhenries

(.14 is the capacitance in micro-microfarads.
i

Radiation By Antennas

A So far we have discussed the antenna with re-
spect to its ability to perform as a resonant cir-
cuit. We now come to the practical use that is
made of the energy that oscillates in the antenna.
It will be remembered that in the preceding chap-
ter it was shown that current flow in a conductor
was accompanied by a magnetic field about the
conductor; and that with an alternating current
the energy was alternately stored in the field in
the form of lines of magnetic force and returned
to the wire. Now this is quite true when the alter-
nating current is of low frequency, such as the
60-cycle kind commonly used. But when the fre-
quency 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. This we know. Just
how radiation occurs is not clearly understood
at the present time. But we know enough for
practical purposes about what happens in the
antenna and about how the waves behave after
leaving the antenna.

Some radiation will occur with any conductor
that has high-frequency current flowing in it
but the radiation is greatest when the antenna is
resonant to the frequency of the current. If the
antenna is essentially “in free space” (isolated
from other wires, pipes, trees, etc., that might
absorb energy from it), nearly all the energy put
into it will be radiated as radio waves. As was
seen in the paragraph on ‘‘Radio-Frequency
Resistance,” the radio-frequency resistance is equal
o the actual power in the circuit divided by the
square of the maximum current. Energy radiated
by an antenna is equivalent to energy dissipated
in a resistor. The value of this equivalent re-
sistance is known as radiation resistance. Its
average value for a Hertz (ungrounded) antenna
operating at its fundamental frequency is ap-
proximately 70 ohms; and for a Marconi
(grounded) antenna operating at its fundamental
is about half this value, or 35 ohms. Since it is
impossible to measure radio-frequency power
directly with ordinary instruments, the approxi-
mate value of the power in an antenna can be
computed by multiplying its assumed radiation
resistance by the square of the maximum current
(the current at the center of a fundamental
Hertz antenna).

Antenna power (watts) = Radiation resistance
(ohms) X Current Squared (Amperes?)

The antenna must, of course, be coupled to the
transmitting equipment that generates the radio-
frequency power. Practical methods of doing this
are described in Chapter Twelve, together with
details of the antenna systems most useful in
amateur transmission.

The receiving antenna is the reciprocal of the
transmitting antenna in operation. Whereas
radio-frequency current in the transmitting an-
tenna causes the radiation of electro-magnetic
waves, the receiving antenna intercepts such
waves and has a voltage induced in it. This volt-
age causes a flow of radio-frequency current of
identical frequency to the radio receiver and
through its tuned ecircuits. Generation of radio-
frequency power by the transmitter and recep-
tion of radio-frequency waves will now be dis-
cussed further.

The Vacuum Tube — Rectification

A The most universally used device in radio
communication is the vacuum tube. It works to
change alternating to direct current in our power
supplies, to amplify sound from a whisper to a
roar, to generate the radio-frequency power used
in transmission and to amplify and detect weak
radio waves in our receiver. Vacuum tubes appear
in many sizes and in a variety of structures. But
all operate on the same principle. Most commonly,
the vacuum tube has a glass bulb from which
practically all air and other gas has been re-
moved, and within which there are two or more
elements, ranging from a filament (cathode) and
plate on up to these two in combination with
three, four and even more elements.

The simplest type of vacuum tube is that shown
to illustrate electronic conduction in Chapter
Three. It has but two elements, cathode and
plate, and is therefore called a diode. As was ex-
plained, the hot cathode emits electrons which
flow from cathode to plate within the tube when
the plate is positive with respect to the cathode. The
tube is a conductor in one direction only. If there
should be a battery connected with its negative
terminal to cathode and positive to plate, this
flow of electrons would be continuous. But if a
source of alternating current is connected be-
tween the cathode and plate, then electrons will
flow only on the positive hali-cycles of alter-
nating voltage. There will be no electron flow, and
hence no current flow, during the half cycle when
the plate is negative. Thus the tube can be used
as a reclifier, to change alternating current to
pulsating direct current. This alternating current
can be anything from the 60-cycle kind to the
highest radio frequencies, making it possible to
use the diode as a rectifier in power supplies
furnishing direct current for our transmitters and
receivers, as described in Chapter Ten, or even to
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use it as a rectifier (detector) of radio-frequency
eurrent in receivers.

How Vacuum Tubes Amplify —
Tube Characteristics

A If a third element, called the control grid or
simply the grid, is inserted between the eathode
and plate of the diode, the tube beeomes o triode
(three-element tube) and acquires utility for
more things than rectification. This grid is usu-
ally 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 plate or “ B” supply is always
connected to the plate), there will be a constant
flow of eleetrons from cathode to plate, through
the openings of the grid, much as in the diode.
But if a source of variable voltage is connected
hetween the grid and eathode there will he a
variation in the flow of electrons from eathode to
plate (a variation in plate current) as the voltage
on the grid ehanges about a mean value. When the
grid is made less negative with respect to the
eathode there will be an inerease in plate eurrent;
when the grid is made more negative with respect
to the eathode there will be a decrease in plate
current. This oecurs heeause the clectron flow to
the plate ix encouraged when the grid swings posi-
tive, while electrons leaving the cathode are re-
pelled from traveling to the plate when the grid
swings negative. The important thing about this
is that when a resistance or impedance is con-
nected in the plate cireuit, the variation in plate
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current will cause a variation in voltage across
this load that will be a magnified version of the
variation in grid voltage. In other words there is
amplification and the tube is an amplifier.

The measure of the amplification of which a
tube is capable is known as its amplification fac-
tor, designated by u (mu), an important {ube
characteristic. Another important charancteristic
involving plate current change caused by grid
voltage change over a very small range is a tube's
mudual conductance, designated by ¢, and ex-
pressed either in millinmperes plate  current
change per volt grid voltage change (ma. per
volt), or as the eurrent to voltage ratio in mhos
(inverse of ohms). Since the plate current changes

involved are often very small, the mutual eon-
ductance is also expressed in micromhos, the ratio
of amperes plate current change to volts grid
voltage change, multiplied by one million. Still
another important charzeteristie used in deserib-
ing the properties of » tube is the plate resistance,
designated rp. This is the ratio of a small plate
voltage change to the plate current change it
effects. It is expressed in ohms, These tube ehar-
acteristics are inter-related and are different with
tubes of different types, being dependent pri-
marily on the tube structure (spacing hetween
elements, spacing and size of wires in grid, ete.).

Amplifier Operation

A The operation of a vacuum tube amplifier is
graphically represented in Fig. 405, The sloping
line represents the variation in plate current ob-
tained at o constant plate voltage with grid
voltages from o value sufficiently negative to
reduce the plate current to zero to a value slightly
positive. It should be kept in mind that grid
voltage is with reference to the cathode of filu-
ment. This is known as the stetie grid-voltage plate-
current characteristie. Notable things about this
curve are that it is essentially o straight line (is
linear) over the middle section and that it bends
towards the bottom (near cul off) and near the
top (satwration). In other words, the variation in
plate current is dircetly proportional to the varia-
tion in grid voltage over the region between the
two bends. With a fixed grid voltage (bias) of
proper value the plate current ean be set at any
value in the range of the curve.

With negative grid bias as shown in Fig. 405
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
serjes with the grid bias, the grid voltage swings
more and less negative about the mean bins volt-
age value and the plate current swings positive
and negative about the mean plate current value.
This is equivalent to an alternating current
superimposed on the steady plate current. With
this operating point it is evident that the plate
eurrent wave shapes are identical reproductions
of the grid voltage wave shapes and will remain so
as long ax the grid voltage amplitude does not
reach values sufficient to run into the lower- or
upper-bend regions of the curve. If thix occurs the
output waves will be flattened or be distorted. 1f
the operating point is st towards the bottom or
towards the top of the curve there will also be
distortion of the output wave shapes because part.
or all of the lower or upper half-eyeles will be cut
off. This kind of distortion may bhe undesirable
or desirable, as will be shown later.

The major uses of vacuum tube amplifiers in
radio work are to amplify at audio frequencies
(approximately 100 to 10,000 cveles per second)
and to amplify at radio frequencies (up to 60,000
ke. or higher). The audio-frequency amplifier is
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generally used to amplify without diserimination
at all frequencies in & considerable range (say
from 100 to 3000 eveles for voice communieation),
and is therefore associated with non-resonant or
untuned cireuits, The radio-frequency amplifier,
on the other hand, is generally used to amplify
selectively at a single radio frequeney, or over a
small band of frequencies at most, and is there-
fore associnted with resonant eircuits tunable to
the desired frequency.

The cirenit arrangement of a typical audio-
frequency amplifier using a triode is shown at A
in Iig. 406. The alternating grid voltage is applied
through the transformer 7' to the grid cireait,
in series with the grid bias furnished by a battery.
The alternating current component in the plate
circuit induces an alternating voltage in the
secondary of the output transformer 7. This
output might go on to another similar audio am-
plifier for further amplification. In lieu of the
output transformer, a pair of 'phones could he
connected in plaee of the primary in the plate
cireuit, in which case the alternating component
in the plate eurrent would be reproduced im-
mediately as sound.

In B of Fig. 406 is shown the cireuit arrange-
ment of an amplifier for radio frequencies. In this
case the tube is of the sereen-grid type, the extra
element heing placed between the control grid
and plate to prevent the feed-back and oseilla-
tion that will be discussed in the next seetion, Its
operation, however, is similar to that shown in
Fig. 405, The input and output cireuits in this ease
are resonant circuits, tuned to the radio fre-
queney that is to be amplified. The grid biss, in-
stead of being furnished by a separate battery, is
furnished by the voltage drop across the eathode
resistor resulting from the steady plate current
flowing through the plate circuit (which includes
the “B’ supply). Since this flow of current is
from plate to cathode in the external circuit, the
supply side of the cathode resistor will be nega-
tive with respect to the cathode and thus apply
negative bias to the grid. Methods of obtaining
grid bias are explained further in Chapter Ifive.

Generating Radio Frequeney Power —
Oscillators
A Because of its ability to amplify, the vacuum
tube can oscillate or generate alternating current
power. To make it do this, it is only necessary to
eouple the plate (output) circuit to the grid (in-
put) circuit so that the alternating voltage sup-
plied to the grid of the tube is opposite in phase
to the voltage on the plate. Typical cireuits for
this condition are shown in Fig, 407, In A the feed-
back coupling between the grid and plate cir-
cuits is inductive (by means of eoils), while in B
the coupling is eapaeitive (through o condenser).
In the cireuit of A the frequency of osecillation
will be very nearly the resonant frequency of the
tuned cireuit L,("y, while in B the frequency of
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oseillation will be determined jointly by L,Cy and
L,Cs. To insure the proper phase relationship
between plate and grid voltage, with the indue-
tive feed-back of A the grid and plate should be
conneeted to the opposite ends of the plate and
grid coils when these coils are wound in the same
direction; while in the arrangement of B the
plate circuit should be tuned to a slightly higher
resonant frequency than the grid circuit. (Plate
circuit rezctance inductive with respect to the
grid circuit.) At the high radio frequeneies used
in amateur work the inherent plate-grid capaci-
tance of the usual triode tube is sufficient for
feed-back in the tuned-grid tuned-plate type
circuit of B and the feed-back condenser shown
connected between grid and plate is not neeessary.

There are many other arrangements of oscilla-
tor circuits but all utilize either the induetive or
capaeitive feed-back typified in the two shown
here. Neveral of these other types are treated in
Chapter Seven. A special type of oseillator of
exeeptional frequency stability that is beeoining
increasingly  popular is the piezo-eleetrie or
erystal-controlled type. Most commonly it re-
semibles the tuned-grid tuned-plate cireuit of B
with the exception that the tuned grid eireuit is
replaced by a plate of quartz erystal mounted
hetween metal eleetrodes. This erystal acts like
a tuned circuit, its electrical equivalent being
that shown at B of Fig. 408, As shown, it consists
of & very high inductance (L) in series with a very
small eapacitance (') and resistance (). The
shunt expacitance (' is that of the eleetrodes
hetween which the erystal is mounted, with the
quartz as the dielectrie. Its exceptional stability
is attributable to its high ratio of induetive
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reactance to resistance; in other words, to its high
Q. This property also makes the crystal useful as
a very selective tuned circuit or filter for radio
reception, as it is used.in the Single-Signal re-
ceivers outlined in Chapter Five. Power type
oscillators and amplifiers are used in combina-
tion in radio transmitters, botl: for radioteleg-
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FIG.407 — TWO GENERAL TYI'ES OF OSCILLATOR
CIRCUITS

raphy and radiotelephony, and later chapters
will describe practical aspects of these appli-
cations.

Modulation

A In addition to generating radio-frequency
energy in the transmitter and radiating it from
the antenna, it is necessary to do something to
utilize this energy for communication of intelli-
gence. This is accomplished by modulating the
transmitter’s output either to form the dots and
dashes of the telegraph code (by keying) or by
varying the amplitude of the radio-frequency
current to conform with the variations in inten-
sity of the voice. Radio-frequency currents
modulated by these two methods are represented
in Fig. 409, a wave modulated for telegraphy by
keying the transmitter’s output into dot and dash
form being shown in A, and one modulated with
a sine-wave of audio-frequency current being
shown in B. The outline of the modulation is
referred to as the envelope and it is to this that
the useful output of the receiver must conform.
Detailed descriptions of modulation methods for
both telegraphy and telephony are given in
later chapters.

Detection of Radio Signals

A After the modulated radio-frequency current
has made its way into the receiver and perhaps
through one or more radio-frequency amplifiers,
it must be demodulated or detected to bring out the

useful modulation envelope just described. To do
this it is necessary to rectify the radio-frequency
current. This might be done with the simple
diode, as mentioned previously. However, the
triode is more commonly used in amateur re-
ceivers because it gives much greater output in
proportion to its radio-frequency input (is more
sensitive) than the diode. Triode detectors are of
two types, one giving what is known as plate
detection and the other what is known as grid
deteclion.

The circuit arrangement of a typical plate de-
tector is shown in A of Fig. 410 and its operating
characteristics are illustrated in A of Fig. 411.
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 telephone
headset (or the primary of a transformer feeding
an audio amplifier) is connected in the plate
circuit, a small fixed condenser C being connected
across the plate load circuit to by-pass radio
frequency. As shown in A of Fig. 411, the nega-
tive grid bias voltage is such that the operating
point is in the lower-bend region of the curve, near
cut-off. Hence only the positive half-cycles of the
signal voltage are completely effective in causing
plate current change. With a modulated signal as
shown there will be a variation in plate current
conforming to the average value of the positive
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FIG. 408 —EQUIVALENT CIRCUIT OF PIEZO-
ELECTRIC QUARTZ CRYSTAL

half-cycles of radio frequency. This variation
corresponds to the envelope, representing an
audio-frequency current superimposed on the
steady plate current of the tube, and constitutes
the useful audio output of the detector. When
this pulsating current flows through the ’phones
their diaphragms vibrate in accordance with it to
give a reproduction of the modulation put on the
signal at the transmitter. This type of detection
is called plate detection because the rectification
takes place in the plate circuit after radio-fre-
quency amplification from grid to plate.

The circuit arrangement of a triode used as a
grid detector (also called grid leak detector) is shown
in B of Fig. 410. Here again we have an input
circuit tuned to the frequency of the radio wave
and connected so that the r.f. voltage developed
across it is applied between the grid and cathode.
However, there is no fixed negative grid bias, asin
the case of the plate detector, but instead a small
fixed condenser (grid condenser) and resistor of
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high value (grid leak) in parallel are connected
between tuned circuit and grid. The plate circuit
connections are the same as for the plate detector.

As shown in B of Fig. 411, the operating point is
near the upper bend of the curve because the
grid bias is near zero when there is no signal on
the grid. A modulated radio-frequency voltage
applied to the grid swings it alternately positive
and negative about the operating point. The grid
attracts electrons from the cathode, the conse-
quent grid current increasing more during the
positive half cycles than it decreases during the
negative half cycles of grid swing. Hence there is
a rectified grid current flow at modulation fre-
quency whose average value develops a voltage
across the grid leak. This audio-frequency varia-
tion in voltage across the grid leak causes cor-
responding variations in plate current which are
reproduced in the ’phones. In contrast to plate
detection, with grid detection the rectification
takes place in the grid circuit and there is audio-
frequency amplification to the plate circuit. Grid
detection is generally used in amateur receivers of
limited r.f. amplification because grid detectors
are capable of greater sensitivity for small signals
than plate detectors using similar tubes. Plate
detection is more commonly used where detector
sensitivity is of minor importance.

Regenerative Detectors
A With both the grid and plate detectors just
described it will be noted that a condenser is con-
nected across the plate load circuit to by-pass
radio-frequency components in the output.
This radio-frequency can be fed back into the grid
circuit, asshown in C of Fig. 410, and re-amplified
a number of times. This regeneration gives a tre-
mendous increase in detector sensitivity and is
used in most amateur receivers. If the regenera-
tion is sufficiently great the circuit will break into
oscillation, which would be expected since the cir-
cuit arrangement is almost identical with that of
the oscillator shown in Fig. 407-A. Therefore a
control is necessary so that the detector can be
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FIG. 409 — RADIO WAVES MODULATED FOR C.W.
TELEGRAPHY AND TELEPHONY

operated either regenerating to give tremendous
amplification without oscillation, or to oscillate
and regenerate simultaneously. Methods of
controlling regeneration are given in Chapter
IFive.

IHeterodyne or Beat-Note Reception

A Indiscussing the detection of signalsit has been
pointed out that the detector output is a replica
of the modulation applied at the transmitter. In
the case of radiotelephony this modulation is at
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FIG. 410 — DETECTOR CIRCUITS OF THREE TYPES

A — Plate detection; B — Grid detection; C—
Regenerative grid detection.

audio frequency and the methods of detection
that have been described will reproduce it satis-
factorily. But in the case of ¢.w. radiotelegraphy
the variationsin detector plate current, while they
correspond with the dots and dashes of the code,
will not cause an audio-frequency tone in the
'phones unless they are actually modulated with
a tone of audible frequency. The most satisfac-
tory method of giving this tone to c.w. signals is
by heterodyne action, a form of modulation. The
idea is illustrated in Fig. 412. When two alternat-
ing voltages of different frequencies are simul-
taneously applied to a detector, there appear in
the detector output circuit current variations of
both the original frequencies, of their sum fre-
quency and of their difference frequency. This
difference frequency is the beat note, and if the
difference between the two original frequencies is
an audio frequency, the beat note will be of audio
frequency. One of the original frequencies is, of
course, that of the radio signal. The other is that
of a local oscillator. This local oscillator may be
separate from the detector or a separate hetero-
dyne. In most cases, however, the detector itself
also serves as the local oscillator to give the beat
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note. When =o used, such o detector is known as
an «utodyne. A regenerative detector eircuit like
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FIG. 111 — OPERATING CHARACTERISTICS OF,
A — PLATE DETECTOR; B — GRID DETECTOR
that shown in Fig, 410-C, with the regeneration
adjusted so that the deteetor oscillates, is com-
monly used for amateur c.w. reeeption.

Superheterodyne Reception

A As was mentioned in the scetion on series and
parallel resonance, the selectivity of tuned eir-
cuits is relatively poor at even the lower amateur
frequencies. At the higher amateur frequencies
it becomes worse. Therefore it is impracticable to
obtain really high selectivity in tuned amplifiers
resonant to frequencies in the amateur bands.
On the other hand, hoth higher selectivity and
greater amplifications per stage can be obtained
in radio-frequency amplifiers operating at inter-
mediate frequencies of H00-ke. or so. Such ampli-
fiers ean he utilized for amateur reception hy
converting the amateur frequency signals to the
lower sntermediate frequency. This also is possible
by the heterodyne method.

Both the incoming signal and the loeal oscilla-
tor signal are introduced in o detector, with the
local oseillator frequeney  either intermediate
frequeney higher or lower than the signal fre-
quency. Since the difference between the two
frequeneies is quite great in this case, it is advis-
able to use a separate oscillator rather than to use
the deteetor as an autodyne. The output of the
detector is coupled to the i.f. amplifier stages by
a radio-frequency transformer tuned to the
intermediate frequency, thus selecting the
difference frequency component in the deteetor
output and eliminating the other components.

After amplification in the intermediate-frequency
(i.f.) stages, the signal is detected in normal
fashion by the second detector. If the incoming
signal is modulated at audio frequency, the inter-
mediate-frequency  signal  will be identically
modulated and the audio-frequency output of
the xecond detector will be normal. For c.w. recep-
tion it will be necessary to use a second hetero-
dyne oscillator at the second detector or tooperate
thix detector as an autodyne, as with the detector
in the usual amateur receiver. A receiver operat-
ing in this fashion is a superheterodyne. Several
types of modern superheterodyne receivers es-
peeially designed for high-frequency work are
shown in Chapter Five.

Generation of lHlarmonie Frequencics

A Distortion in vacuum tube amplifiers enuses
harmonies and we often purposely adjust vae-
uum tube circuits to give us maximum distortion
when we desire output at & frequeney that is a
harmonie of the exciting frequency. High input
voltage amplitude or grid swing and high nega-
tive bias are favorable for the production of
harmonies. Because of curvature in the plate-
current plate-voltage charaeteristic curves and
hecause there is o different plate-voltage plate-
current (statie characteristic) for each value of
impressed grid voltage, the current wave-form in
the plate eircuit becomes detorted, resulting in
the generation of harmonie frequencies. A low
plate-load (external) resistance or impedance will
emphasize such distortion. Even with a high grid
bias, large inputs to the grid cireuit will also eause
the grid to hecome positive during part of the
input cyele, causing grid current to flow, thus
decreasing the prid-filament resistanee of the tube.
This results in an uneven load and produces
further distortion and harmonics. The way in
which distortion in the output wave-form intro-
duces a harmonie impulse or component is indi-
cated in Fig, 413.
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ILarmonics eannot he generated at frequencies
helow the fundamental but always oecur at higher
frequeneies. When we pick up a radio signal
with the reeciver tuned to half the frequency of
the transmitting station it is beeause our oscillat-
ing detector generates a harmonic gu the receqver.
In this ease the harmonie is beating with the
fundamental frequeney of the transmitter.

By properly hiasing tubes and tuning the out-
put circuit to a desived harmonie frequency, a
vacuum tube may be operated as a frequency
doubler or frequency tripler, ete.

How Radio Waves Travel in Space — Fading
and Skip Distance

A No discussion of amateur radio or of high-

frequency phenomena can he complete without

something about the commonly aceepted theory

advaneed in explanation of the things that have

been ohserved in connection with high-frequency
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FIG. 113 — 1HOW DISTORTION CAUSES HARMON-
1CS IN VACUUM TUBLE OPERATION

transmission. 1t appears that just as light waves
can be reflected and refracted so it ix with radio
waves. The hehavior of radio waves is harder to
understand hecause these waves are not visible or
audible except by artificial means of deteetion.
The frequency spectrum used for radio com-
munication is a wide one and the determination
of what happens is further complicated by the
continuous variations taking place in the medium
traversed by the radio waves. The hending or
refraetion of radio waves in the upper atmosphere
ix attributed to the presence of free electrons
resulting from ionization of the earth’s upper
atmosphere, principally by radiation from the
sun. The ionization passes through a daily and
seasonal variation depending on sunlight and
changes in the sun’s radiation.

Changing reflecting and refracting properties of
the Kennelly-1leaviside layer, so named for the
two men who independently and almost simul-
taneously proposed the existence of an ionized
region in the upper atmosphere, ure presumed
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FIG., t1t—1TOW RADIO WAVES TRAVEL FROM
TRANSMITTER TO RECEIVER

The vertical and near-vertical rays penetrate the
ionized layver and wander aweay. When onereachesthe
“limiting angle’” the ray just does get hbent enougl to
be Lkept from wandering away, but it continues to
graze the laver and is after all worthless. Below this
angle we have progressive reflection (or refraction)
and the ray returns to earth. Astheangle of departure
Srom the transmitter is chosen flatter the encrgy
strikes so far away as to miss the carth, possibly going
out to theionised laver again.and perhaps even being
reflected down a second time if it has energy enough
left.

to account for the rapid variation in the intensity
of received signals that ix called fading.
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FIG. 115 — APPROXIMATE AVERAGE TRANSMIS-
SION RIFORMANCE O DIFFERENT W AVE-
LENGTIS AT DIFFERENT DISTANCES

The received signal is assuwmed 1o have a field-
strength of 10 microvolts per meter at the receiving
point. The transwitter is assumed to have 5000 watts
in the antenna. The chart is explained as follows. To
the left of the line marked “*limit of ground ware™ it
should be possible to receive at all times. After that,
one must pick a pair of curves of the same sort (that is

Sor the same time) and if the distance is between the

carves one should hear the signal. Thus, a 30-meter
wave should be reliable at all times to 70 miles for the
conditions mentioned. From there to 100 miles its
daylight performance will probably be uncertain
while from 100 on it will gradually die down until at
4600 it awill again be below 10 microvolts per meter.
There are. of course, numerous exceptions where one
does hear it wher it should be absent. The curves are
mainly from data by A. H. Taylor.
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Fig. 414 explains what is commonly referred to
as the skip distance, that distance which sig-
nals skip over. The signal decreases in intensity
as we leave the transmitter due to spreading out
and to energy absorption. It finally drops below
a useful value, remaining out until we reach a
great distance from the transmitter, after which
it unexpectedly gets strong again, gradually drop-
ping in intensity at still greater distances. The
skip distance at night is much greater than in
the daytime. It gradually increases up to about
midnight. The skip distance also is known to
be greater in winter than in summer which seems
reasonable because the ionization should be less
then, due to shorter periods of sunlight. It can be
seen readily from the charts that the skip distance
is very definitely influenced by the transmitted
frequency.

Fading is usually less violent over long dis-
tances because the waves can arrive by many
routes, thus averaging conditions and giving a
fair signal in spite of fading along some paths.
Right at the edge of the skip distance interfer-
ence effects may occur with very severe fading,
while beyond this point the rays of high-angle
radiation die out, giving a better chance for a
steady signal. In general high-frequency com-

munication results go to prove that the skip dis-
tance for any given time decreases with decreas-
ing frequency. While skip-distance effects are
important on our high frequencies they are not
as noticeable on the broadcast band and less
important still on low frequencies.

There is nothing absolute about any of the
rules that different investigators have devised for
determining whether a signal from a certain
transmitter can be heard at a given point. How-
ever, some charts and rules are useful when
studying the subject of transmission phenomena,
even though they are approximate. Such a chart
isshown in Fig. 415 with an explanation of what it
means. It shows roughly what may be expected of
different frequencies or the corresponding wave-
lengths in radio communication.

Amateur experience seems to indicate that the
power of a transmitter is one of the less important
considerations in high-frequency work. Extreme
distances are covered day and night with less
than ten watts in the antenna using 14,000- and
7000-ke. frequencies, and the signal strength of
high and low power stations is much the same.
The conditions in the upper atmosphere are
undoubtedly the most important factor in deter-
mining the results.



CHAPTER FIVE

HIGH-FREQUENCY RECEIVERS

WHATEVER one’s principal in-
terest in amateur radio, be it operating a complete
station or experimenting with a variety of cir-
cuits, the basic piece of apparatus is a good re-
ceiver. The building of the complete station is
always a process of evolution. Most amateurs
start out with a simple receiver, listening in on it
until they become proficient in the art of tuning
in high-frequency signals, and at the same time
learning the code in preparation for obtaining a
transmitting license. The amateur has the choice
of building his own receiver or of purchasing one
of the several amateur-band manufactured re-
ceivers now available at reasonable prices. Many
amateurs prefer to build their own, not just for
reasons of economy, but more for the experience
and to acquire the intimate knowledge of opera-
tion that they obtain. Constructional details of
representative high-performance types and de-
scriptions of modern circuit features are con-
tained in this chapter.

The first receiver need not be an elaborate one;
in fact it is better to pick out a simple and inex-
pensive set for the initial attempt. It will be rela-
tively easy to get such a set working and, even
though it is built with the full
knowledge that it will not be the
permanent receiver of the finished
station, the investment in the
equipment for it will not be
wasted. Most of the parts used
in simple receivers can be used
equally well in more intricate sets
later on. In this chapter several
receivers are described, both in
regenerative and superheterodyne
types. All of them are thoroughly
practical outfits, capable of giving
excellent service if carefully built
and correctly operated.

Receiver Characteristics

A The three important general
characteristics of a receiver are its
selectivity, its sensitivity and its
fidelity. These three are inter-
dependent, with selectivity the
controlling factor. The selectivity
is the receiver’s ability to discriminate between
signals of different frequencies. The sensitivity is
the minimum r.f. voltage input required to give
useful output. The fidelity is the proportionate
response through the audio-frequency range re-
quired for a given type of communication.
Sensitivity is fundamentally limited by the

noise output, which in turn is directly related to
the selectivity, being less as the selectivity is
greater. Only signals that are detectable above
the noise background are useful; therefore, reduc-
ing the noise output by increasing the selectivity
improves the effective sensitivity in proportion.
Sensitivity is thus not solely dependent on the
amplification’in the receiver but on the combina-
tion of amplification and selectivity. The fidelity
requirement in amateur receivers is essentially
different from broadecast receiver requirements,
although this is not generally realized, and is set
by the minimum required for intelligibility. For
c.w. telegraph reception of hand-keyed signals
(say up to 30 words per minute) adequate fidelity
for intelligible reception can be obtained with
selectivity such that the receiver’s equivalent
band width (the ‘““measuring stick” for selectiv-
ity) is but 20 cycles or less; for 'phone reception
with usable intelligibility the equivalent band-
width must be proportionately greater, of course,
although still considerably less than for broadeast
reception. It is therefore evident that the most
important receiver characteristic is the effective
selectivity; for the higher the selectivity, the

FIG, 501 — A SIX-TUBE SINGLE-SIGNAL SUPERHETERODYNE
RECEIVER

A complete description of the receiver is contained in the text.

greater can be the amplification and the higher
the effective sensitivity, to the limits imposed by
the requirement of intelligible output.

Types of Receivers

A Two types of receivers meeting the require-
ments of general amateur work are the simple
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regenerative receiver (autodyne) and the super-
heterodyne. Special types for ultra-high frequency
work are treated in Chapter Nine. In the regen-
erative receiver there is r.f. feedback in the detee-
tor eircuit with the amount of this regeneration
controllable to give either high amplification and
selectivity without oscillation, or to give these
together with oscillation to provide the hetero-
dyne for heat-note c.w. reception, as has been
explained in Chapter FFour. The simplest form of
receiver would be just one tube in & regenerative
detector eireuit, although the output available
from such an arrangement is so small as to he
generally unsatisfactory. A single stage of audio
amplifieation following the detector gives more
satisfactory results. A still further improvement
is a stage of tuned radio-frequency amplification
preceding the detector. This increases sensitivit v
and gives somewhat greater selectivity, provides
helpful isolation of the regenerative detector
from the antenna circuit and allows sensitivity
control ahead of the detector circuit.

Whereus the regenerative receiver's r.f. circuits
handle the signal at ineoming frequency, in the
superheterodyne type receiver the incoming signal
is converted to a lower radio frequency and then
amplified in intermediate cireuits prior to conver-
sion to audio frequency in the sccond detector. As
explained in Chapter Four, this method allows
greater r.f. amplification and the attainment of
higher scleetivity, since both of these are more
readily obtained in the intermediate-frequency
u.f.) amplifier. This applies partie-
ularly to the single-signal t ype super-
heterodyne, originally developed in
the A R.R.L. laboratory and de- A
seribed in this chapter, which ob- <
tains extremely high selectivity in
the i.f. cireuits either by means of a
variable hand-width quartz erystal
filter or by controllable regeneration
in an i.f. stage. ‘

The simple regenerative type re- B
ceiver is less complicated than the
superheterodyne, of course, and is
accordingly less expensive. Until one
has gained experience it is advisable
to work with the simpler receciver,
progressing later to the superhetero-

dyne type. ¢

Recciver Operating Controls

A The most prominent operating

control of any type receiver is the

tuning dial or, in the case of sepu-

rately tuned circuits, several such D
dials. In the siinplest receiver the
dial drives a single variable con-
denser while in more elaborate re-
ceivers it drives two or more
“ganged”’ condensers. In some tun-
ing systems, as deseribed in the fol-

G

FIG, 502 — THE ESSEN-

TIALS OF FOUR POPU-

LAR BAND-SPREAD
SYSTEMS

lowing paragraphs, there may be auxiliary panel
controls for “ band-setting ” parallel or series con-
densers. In addition to the tuning control, re-
generative type receivers have a control to govern
the feed-back of the detector. This regeneration
control also serves to somne extent as an r.f. gain
or sensitivity control, although a separate third
eontrol for this purpose is advantageous in the
regenerative receiver equipped with an r.f, ampli-
fier and is a practical necessity in the superhet.
Also, there may be an audio volume control to
vary the audio-frequency input to an amplifier
stage following the detector. Superhet receivers of
more advaneed types also have controls for vary-
ing band-width (selectivity), for adjustment of
the caw. heat-note piteh, for switching the power
cireuit and so on.

Tuaning Arrangements and Band Spreading
= 58 &

A Since the amateur frequency-hands comprise
narrow slices of territory widely separated, it is
not possible to cover them all effectively with one
coil and econdenser combination in the tuner.
Many schemes have heen evolved to provide
mterchangeable coils. The use of a tube-bhase or a
special form of larger size plugging into a tube
socket, is almost universal in amateur built re-
ceivers. Coils of this type are pictured later on
with the constructional details of the receivers
in which they are used, lLarger coils with a
horizontal row of plugs fitting into a similarly-
arranged row of sockets are also used in some

cases. The important requirements

are that the coils should be readily

interchangeable; the contacts should

be positive; the coils should be ne-

C chanieally strong so they will not be

deformed in handling; and they
should be small in diameter in order
to avoid the existence of an extensive
magnetie field around them.

C, Several manufactured receivers in-
I tended for amateur use employ per-
manently built-in coils with a switch-
ing arrangement but this type of
tuning arrangement is less suited to
amateur construction.

1 Tuning condensers used in high-
A frequency receivers are much sialler

o

< than those employed for the broad-

cast band and lower frequeneies. A
350- or 250-pufd. condenser will, at
high frequencies, cover so wide a
frequency range that tuning heeomes
extremely difficult. Many amateurs
remove plates from standard-sized
condensers to reduce the maximum
capacity, or else use midget con-
densers, which ean be obtained in a
variety of eapacities. If the receiver
is to cover all frequencies between
20,000 and 3000 ke., common prac-

_:éal.-_-
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tice is to use a tuning condenser rated at 150 uufd.
with three plug-in coils, but even this arrange-
ment crowds the amateur bands in very small
proportions of the dial scale. Most amateurs pre-
fer to spread the bands over a large part of the
dial.

The amateur bands are not entirely in har-
monie relation, and therefore a condenser which
spreads one band satisfactorily may not give the
same spread on others, In order to make cach
band cover a large number of dial divisions, the
ratio of maximum to minimum eapacity must be
different for each band.

Several widely used hand-spreading schemes
are shown in Ifig. 502. At A is the parallel-con-
denser method. € is the tuning condenser, usually
with a maximum eapacity of about 25 gufd. Cyisa
“hand-setting”’ condenser; its maximum capacity
should be at least 100 gufd. and may be larger.
The setting of ('» will determine the minimum
eapacity of the eircuit, and the maximum capac-
ity will be the maximum capacity of €'y plus the
setting of (h. A different maximum-to-minimum
pacity ratio can be chosen to give good hand-
spreading on each band.

The series-condenser method is shown at 3. As
explained in Chapter Three, the total eapacity of
two condensers in series is less than that of either.
(", again is the tuning condenser. It should have
100 wpfd. or more maximum capacity, (' is the
hand-setting condenser and is preferably small,
perhaps 25 wufd. The maximum-minimum expac-
ity ratio in the cireuit will be determined by the
setting of (‘5. ‘The minimum capacity changes
very little for any setting of ('3, but the maximum
capueity can be varied over quite a range, de-
pending upon the ratios of the eapacities of the
two condensers.

At C is another arrangement which makes use
of a “split-stator” tuning condenser — one with
two separate stationary-plate sections and a
single rotor. One of the stator sections is made
small enough to give good band spreading on the
14- and 7-megacycle bands, and the second stator
section, when connected in parallel with the
small stator, will give good spread on 3500- and
1750-ke. The dotted connection for the two
lower-frequency bands shown in C can be made
by using a jumper in the low-frequency coil forms,
the change being automatically made when the
coils are plugged in.

The tapped-coil system at D is used in several
commercial amateur-band receivers and has also
heen adopted by a number of amateurs in home-
built sets. Condenser €, may be fairly large —
100 pufd. or so — but will give good spread on
any band if the right size of coil is chosen and the
tap to which the stator plates of the condenser
are connected is made at the right place. Trim-
mer condenser ('y is not strictly necessary but will
be found helpful in getting the spread just right,
and its use will help climinate some of the cut-

and-try in winding the coils. It should have a
maximum capacity of 25 to 100 uufd.
Regeneration Control

A In the regenerative receiver almost any one of
a number of arrangements of the tickler eoil and
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FIG, 503 — CONDENSER AND RESISTOR CONTROL
OF REGENERATION

feed-back control in the detector circuit ean bhe
depended upon to give similarly loud signals, but
some of them have the advantage of being more
convenient and of permitting adjustment of
regeneration without detuning the signal. It is
also a great advantage if the regeneration control
is absolutely quiet in action; if it permits a grad-
ual adjustment up to and past the point of oscil-
lation; and if it permits the tube to oseillate
gently all across the frequency band on which the
receiver is working without the necessity for
touching anything but the tuning control.

Fig. 503 shows two ways in which regeneration
may be controlled with a screen-grid detector. At
A the regencration control is a variable condenser
having & maximum capacity of 100 or 150 uufd.
It acts as a variable by-pass between the low-
potential end of the tickler coil and the cathode of
the tube. If the hy-pass capacity is too small the
tube will not oseillate, while inereasing the eapac-
ity will eause oscillations to start at a certain
critieal value of eapaeity. This method of regen-
eration control is very smooth in operation,
causes relatively little detuning of the received
signal and, since the voltage on the sereen-grid
of the tube is fixed, permits the detector to he
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FIG. 504 — UNTUNED R. F. AMPLIFIER DIAGRAMS

A, transformer coupling, B, impedance coupling to
detector. A resistor, R1, having a resistance of 10,000
to 20,000 ohms is connected between the grid of the
screen-grid amplifier tube and ground. An r.f. choke,
consisting of perhaps 100 turns of small wire wound
on a form about the size of a pencil, can be substituted
for the resistor if interference is experienced from
local broadcast stations. Resistor R2 gives the tube the
correct operating bias, as explained in a later section
of the text. If the tube filament is directly heated a
battery of the proper voltage should be substituted
for the resistor, and the ground connection should
be brought to the filament of the tube.

worked at its most sensitive point. The sensitivity
of a screen-grid detector depends a great deal
upon maintaining the screen-grid voltage in the
vieinity of 30 volts.

At B regeneration is controlled by varying the
mutual conductance of the detector tube through
varying its screen-grid voltage. The regeneration
control is usually a voltage-divider — or so-called
‘“‘potentiometer’” — with a total resistance of
50,000 ohms or more. This circuit causes more
detuning of the signal than A, and the resistor is
likely to cause some noise unless by-passed by a
large capacity (about 1 pfd.) at C. In A, con-
denser C may be .5 ufd. or larger. With circuit B
it is necessary to adjust the number of turns on
the tickler coil to make the tube just start oscil-
lating with about 30 volts on the screen-grid if
maximum sensitivity is desired.

Both the methods shown in Fig. 503 may be
applied to three-electrode detectors, although
these tubes have been largely superseded as de-
tectors by the more sensitive screen-grid tubes.
To use method B the regeneration-control resis-
tor should be placed in series with the plate of the
tube and it need not be used as a voltage-divider
but simply as a series variable resistor. It can also
be used as a series resistor when controlling a
screen-grid tube. Another type of regeneration
control, more suitable for lower radio frequencies,

uses a variable resistance across the feed-back
portion of the r.f. circuit, as shown in the six-
tube superhet described later.

In all methods it is essential that the tickler be
mounted or wound at the filament end and not
the grid end of the tuning coil. In the interests of
smooth control it will be found advisable to use
just as few turns on the tickler as will allow the
tube to oscillate easily all over the tuning range.
If the tube starts oscillating with a sudden thump
instead of a smooth rushing noise, a different
value of grid leak resistance should be tried.

Radio-Frequeney Amplifiers — Gain
Control

A A regenerative detector followed by a stage or
two of audio-frequency amplification, when used
for c.w. telegraphic work, will bring in amateur
signals from all over the world on the higher fre-
quencies. For such work, the sensitivity of this
type of receiver usually proves to be ample. At
times, however, a radio-frequency amplifier
ahead of the detector is very desirable. The in-
crease in sensitivity and selectivity provided by it
can be put to good use in the reception of amateur
radiotelephone signals. A further advantage of
such an amplifier is that it isolates the detector
from the antenna, reducing the radiation from the
detector in an oscillating condition and making it
impossible for the antenna, swaying in a wind, to
cause the received signal to waver. A radio-fre-
quency amplifier is also of considerable service in
the elimination of *“dead-spots’’ — points on the
tuning dial at which the antenna, coming into
resonance, might otherwise stop the detector
from oscillating,.

The three-element tube is almost useless as a
radio-frequency amplifier in the short-wave re-
ceiver. The modern screen-grid tube, however, is
most effective providing the circuit in which it is
used is a suitable one. One arrangement for the
radio-frequency amplifier is that in which the
grid circuit for the first tube comprises a resistor
or choke connected directly between the antenna
and ground. This so-called ““untuned” radio-fre-
quency amplifier isolates the detector from the
antenna and gives some amplification, but it does
not improve the selectivity of the receiver.
Rather, it makes the receiver susceptible to inter-
ference from any near-by powerful amateur or
broadcast transmitters. Careful proportioning of
the choke in the grid circuit makes it possible to
avoid interference from broadecast stations, but
not from other amateurs. If local interference is
not likely to be troublesome an untuned r.f. stage
will be found helpful. It is not hard to install be-
cause no shielding will be necessary.

Fig. 504 shows two methods of connecting an
untuned r.f. amplifier to a regenerative receiver.
That at A uses transformer coupling between the
r.f. stage and detector, while at B impedance
coupling is shown. Transformer coupling is pref-
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erable because the number of turns on the two
coils can be proportioned to give the greatest
amplification (usually the primary, P, should
have about 24 as many turns as the secondary,
S), and because the plate voltage for the r.f. tube
is kept away from the detector circuit. It requires
coil forms with enough pins to take care of pri-
mary, secondary and tickler, however. With im-
pedance coupling, as at B, the detector coil must
be isolated from ground by means of the by-pass
condenser C. The grid leak must be connected
between grid and filament instead of across the
grid condenser, since the latter blocks the positive
plate voltage from getting to the grid of the de-
tector. Because of leakage across the grid con-
denser this circuit may be noisy unless a good
mica condenser with extremely high insulation
resistance is used.

A radio-frequency amplifier whose grid circuit
is also tuned to the frequency of the received sig-
nal is considerably more effective than the un-
tuned arrangement, providing both increased
selectivity and greater gain. The circuit of a
tuned r.f. stage is shown in Fig. 505. Examples of
modern practice in such tuned amplifier stages
are also shown in the receivers described later
in this chapter. When the r.f. amplifier uses a
screen-grid tube of the variable-mu type (such as
the 58, 78, 6D6, ete.) its gain can be made adjust-
able by means of a variable cathode resistor, ad-
ditional to the usual fixed ecathode resistor, as is
also shown in Fig. 505. As the value of the re-
sistance in series with the cathode is increased
the voltage drop across it rises, making the bias
applied to the grid increasingly negative with
respect to the cathode and thereby reducing the
amplification of the stage. Since the space cur-
rent of the tube falls as the grid becomes more
negative, thereby tending to lessen the rate of
increase in negative bias with increasing re-
sistance, it is advisable to provide a bleeder resis-
tor from the cathode side of the gain control to a
more positive point of the high-voltage supply
such as the screen-grid voltage tap. Suitable re-
sistance values for a single r.f. amplifier tube
would be 300 to 500 ohms for the fixed cathode
resistor, 10,000 ohms for the variable gain control
resistor and 50,000 ohms for the bleeder. If the
gain of several stages is to be controlled by the
one variable resistor, its value can be proportion-
ately less and the bleeder may be omitted.

Rather complete shielding is always required
when the input circuit to the r.f. amplifier tube
is tuned. For this reason the tuned r.f. type
receiver is somewhat more costly and more diffi-
cult to build. In one form such a receiver has two
separate tuning dials — one for the input circuit
to the r.f. tube and one for the input circuit to the
detector. The obvious inconvenience of tuning
these two controls has led to the development of
receivers in which the two tuning condensers are
“ganged.” The construction of a receiver of this

type is a work requiring a little more skill, and
had best be attempted after experience has been
gained with the simpler types.

Radio Frequency Shielding

A The purpose of shielding is to confine the mag-
netic and electrostatic fields about coils and con-
densers so that those fields cannot act on other
apparatus, and to prevent external fields from
acting upon them in turn. Chapter Three has ex-
plained the nature of these fields. They can be
confined by enclosing the apparatus about which
the field exists in a metal box. The effectiveness of
the shield depends upon the metal of which it is
made and upon the completeness of contact at the
joints. At radio frequencies the best shield is one
made of a low-resistance non-magnetic metal,
such as copper or aluminum, because the losses in
it will be low. The magnetic fields about the ap-
paratus enclosed in the shield cause currents to
flow in it, and since the flow of current is always
accompanied by some loss of energy the shield in
effect causes an increase in the resistance of the
tuned circuit. The lower the resistance of the
shielding material the lower will be the energy
loss. At low frequencies, such as those in the
audio range, copper and aluminum are ineffective
for shielding and iron must be used.

The increase in resistance caused by shielding
also depends upon the proximity of the apparatus
inside the shield to the walls. Coils in particular
should be spaced from the walls in all directions
by at least a distance equal to the coil diameter.
For this reason small coils are much to be pre-
ferred to large ones if the set is to be kept reason-
ably small. The losses in the shielding due to
electrostatic fields are negligible in comparison to
those caused by magnetic fields, so condensers
can be mounted right on the walls of the shield if
desired.

To be effective a shield must be grounded. Al-
though an actual ground connection always will
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FIG. 505-— A TYPICAL RADIO-FREQUENCY AM-
PLIFIER CIRCUIT WITH BIAS GAIN CONTROL
It is suited to any of the variable-u r.f. amplifier

tubes such as the 58, 78, 6D6, 35, etc. With non-pen-
tode types the suppressor-grid connection shown
would be omitted. The value of the fixed cathode re-
sistor will depend upon the tube type; values of the
gain-control and bleeder resistors are discussed in the
text.
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be best, it is sometimes sufficient to conneet the
shielding to a point in the recciver at zero rf.
potential, such as the negative side of the plate
supply. Another point is that shiclds must he com-
plete for each amplifier stage or group of appara-
tus shiclded. Do not attempt to use a single sheet
of metal to form a eommon wall for two shiclds

as shown in Fig., 506;
i

Common Portition such a wall will actually
WRONG

Ed

)]

couple the two shielded
groups or picces of ap-
paratus together in-
stead of shielding them
from each other,

There are two general
methods of shielding,.
Une is to group all the
apparatus forming a
single stage of amplifi-
cation and put it in a
single shicld. The three-
tube receiver deseribed
in this chapter is an ex-
ample of this type of
shiclding. The second
method, exemplified by
the manufactured re-
ccivers deseribed later,
is to use individual
shiclds around each
piece of apparatus, con-
necting them by
shicelded leads where
necessary. Only  those
leads which are not at
zero f, potential need
bhe shiclded. Each
method will give good results, and the choiee is
usually dietated by meehanieal considerations,

Although, as we pointed out in the previous
section, shielding is not neeessary if no tuned r.f.
amplifiers are used, it is often helpful, A metal
cabinet about a simple receiver will prevent direet
piek-up of signals by the coils and wiring of the
set, and it will also keep out “induetion hums”
from unshielded house wiring.

Seporate Walls

11 ) - ,
Connected /
Together
RIGHT

FIG. 5306 — SHIFELDING
ALWAYS SHOULD BE
COMPLETE ABOU'T
EACH PIECE OR GROUP
OF APPARATUS
SHIELDED

Do not attempt to use
a common partition be-
tween  shielded  stages.
especially awchen one of
them contains a regen-
erative deteetor or oseil-
lating cireuit,

HW®

Amplifier Biasing

A Practically all amplifiers, both audio and radio
frequeney, must be operated with a1 minimum
negative voltage hetween the grid and eathode of
the amplifier tube. This bias voltage may be ob-
tained from a hattery or from a suitable voltage
drop through a resistor in the eireuit. Fig, 507
shows these two methods in an elementary fashion.

In general, the battery-bias method will be
used with tubes having directly-heated cathodes
(filament-type tubes). In such cases one side of the
filament is econnected to ground. In order to eon-
nect the bias battery in series with the lower end
of the transformer secondary or whatever may
be in the grid eircuit of the amplifier tube, it is

necessary to insulate point X in Fig, 507-A from
ground. Condenser (" is used to provide a low-
impedanee path to the filament should the bias
hattery develop appreciable internal resistance.
It should be about 01 wfd. in rf. cireuits and 1 to
2 pfd. in audio eireuits,

The second method, known as cathode resistor
biasing, is shown at B. This method does away
with the extrg bias battery, and is particularly
adapted to tubes with indireetly-heated cathodes
(heater-type tubes). With this method point X is
grounded and the eathode is isolated from ground
and negative “B" through the biasing resistor R.
By-pass condenser €' will have the same values as
in A. When plate current flows through the tube
there will be a voltage drop through R which
mzkes the eathode more positive than the grid —
in other words, puts negative bias on the grid.
The vight value for R can be ealeulated by Ohm’s
Law, knowing the bias voltage required and the
total spuee eurrent through the tube. The space
current is the sum of the plate current and all eur-
rents that may be taken by auxiliary grids in the
tube. FFor example, a eertain pentode tube re-
quires a bias of 10 volts with 150 volts on the
plate and sereen-grid; at this plate voltage the
plate current will be 15 ma. and the sereen-grid
current 5. The bias resistance required will be:

\’=~]£"0lts—=500nhms.
02 amp.

Cathode-resistor biasing can be used with
tubes having directly-heated filaments provided a
separate souree of filament-heating is used with
each stage so biased. This is often done in a.c.-
operated reeeivers having an audio power output
stage, the power tubes being heated by a separate
filament winding on the power transformer.

Audio-Frequeney Power Amplifiers —
Volume Control

A A power audio stage can be added to the re-
ceiver intended for headphone output where it is
desired to operate a loud speaker. Alternatively, a
power stage of sufficient power sensitivity can be
substituted for the usual low-output amplifier
following the detector. Several power amplifier
combinations capable of a watt or more output
are shown in Figs, 508 and 509, including triodes

(A) (8)
30T — BATTERY AND CATHODE-RESISTOR
BIASING

Fi¢,
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as single-ended and push-pull amplifiers, and
pentodes of two types. The latter have the greater
power sensitivity (require less grid exeitation for
equal output) and are suited to eonnection to the
deteetor output of the usual receiver. The cireuit
shown in Fig. 509 is popularly used in amateur
receivers. If the receiver does not have a gain or
sensitivity control in its r.f. circuits, an audio-
frequeney volume level control is advisable. This
volume eontrol is arranged as shown in Fig. 509,
heing a variable voltage divider resistor or poten-
tiometer connected across the secondary of the
input transformer so that the audio voltage ap-

To Speaker

(A)

-8 2.5V. AC.

-8 2.5V.AC,

FIG. 508 — AUDIO POWER AMPLIFIERS FOR

LOUD-SPEAKRER OPERATION

4 — using a single Tvpe 15 tube, B—a single 47
pentode, C— two 43°s in push-pull. Fransformer T
is an ordinary audio transformer having a turns ratio
of 2:1 0r 3:1. T2 is an output transformer designed to
cauple a 15 tube to the loud-speaker being used. Tsis
Sor coupling a 7 to the speaker. Ty is a push-pull
input transformer and T's a push-pull output trans-
Jormer for a pair of 13’s. It is necessary to know the
impedance of the loud-speaker in order to purchase
theright type af output transformer inall three cases.
R is a 20-ahin resistor, tapped at the center, Rz is
1500 ohins. rated to carry approximately 30 ma. R; is
430 ohms, also to carry about 50 ma. R is 750 ohms,
rated at 75 ma. or more. Both € and C2 should be
110 2 ufd. C2, which must be rated to stand the full
plate supply roltage, may not be needed if the plate
roltage for the amplifier comes directly from a filter
condenser in the power pack.

2A5,41,42
/nput  Volume Control,
Trons.y  ($00,0001)

Qutpuvt
Trans.

E 70 spexrker

By
passes g ¢

 Gesistor
L T Ty
=S

;/my A’c_w'tors
50000) -B

250V +B
116G, 309 — A TYPICAL PENTODE POWER AMPLI-
FIER CIRCUIT W I'TH VOLUME CONTROL

This circuit can be used with any of the indirectly
heated cathode pentodes. The use of a devoupling
circuit to prevent “dogenerative’ effects or loss of
amplification at the lower audio frequencies, also is
iHustrated.

plied to the grid-cathode ecireuit of the tube ean
be varied from maximum to zero.

Fixed Condensers and Resistors

A In addition to the principal receiver circuit
clements — eoils, variable eondensers, gain- or
volume-control resistors, tubes, ete. — there are
also certain fixed condensers and resistors that
are important. In both audio- and radio-fre-
quency cireuits there will be found fixed con-
densers conneeted across resistors, from plate to
filament and even across portions of the eircuit
that appear in the diagram to be directly con-
nected. These are by-pass condensers, provided
to give a direet path for audio- or radio-frequeney
currents and to prevent these currents from flow-
ing through other paths where they might cause
undesirable degenerative or regenerative effects.
In other cases fixed condensers are used to serve
as paths for audio- or radio-frequency currents
while preventing the flow of direet eurrent, in
whieh ease they are known as coupling or blocking
condensers. Since the reactanee of a condenser is
inversely proportional to its capaeity and to the
frequeney, radio-frequeney coupling and by-pass
condensers are of small capacity while those for
audio frequencies are of relatively large capaeity.
Small mica or non-inductive paper-dielectric
condensers of from 100 gufd. to 0.01 ufd. eapacity
are commonly used for r.f. eircuits, while eapaci-
ties of from 0.01 to several ufd. are used in a.f.
cireuits. The particular size used, while not espe-
eially eritical as to value, will be determined by
the impedance across whieh the condenser is eon-
nected, being smaller in capaeity as the parallel
impedance is greater. In the ease of r.f. by-passes
in cireuits intended to transmit audio frequencies,
as in the plate circuit of a detector, the capacity
must be kept small enough so that the condenser
will not by-pass audio frequencies also. Typical
values are 0.001 pfd. and smaller. Audio-fre-
queney by-pass condensers, on the other hand,
usually have values ranging from 4 ufd. for paper
condensers to 8 or 10 ufd. for electrolytic types.
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The latter should be used only as by-passes in
circuits carrying audio frequency superimposed
on d.c., as in cathode circuits. A fair value for
most audio applications in amateur receivers is
1 ufd., although larger values may be used
where better response to lower audio frequencies
is desired.

Fixed resistors are also used, in a wide variety
of sizes, to provide bias voltage, to drop plate
voltage, to serve as coupling loads in audio cir-
cuits and to decouple in both radio- and audio-
frequency grid- and plate-return circuits. Values
for resistors to provide bias voltages and to drop
plate voltages depend on the current flowing
through them and are determined from Ohm'’s
law, as shown previously. Plate- and grid-cou-
pling condenser and resistor values depend pri-
marily on the tube combination with which they
are used, values shown in receivers described in
this chapter being typical. Decoupling resistor
and condenser combinations, used principally in
grid return circuits, are connected as shown in
Fig. 509. They are not critical as to value, 25,000
ohms or higher being satisfactory for the resistor
and usual by-pass capacity serving for the con-
denser in most instances. Usually such circuits
are necessary only in high-gain amplifiers of two
or more stages.

Receiving Tubes

A Modern receiving tubes are
grouped into three classes, de-
pending upon the type of serv-
ice for which they are intended.
One group is for dry-cell opera-
tion and is characterized by
tubes with 2-volt directly-
heated filaments which take
very small currents. The second
group has filaments or heaters
designed for use with a 6-volt
storage battery. Most of the
tubes in this group have in-
directly-heated cathodes. The
third, or “a.c.” group, has fila-
ments which take rather heavy
currents at 2.5 volts a.c. In this
group the tubes used asr.f. am-
plifiers and detectors have in-

BOTTOM %F TUBE BASE
BOTTOM OF SOCKET

& & &
@ & @ @

4 PIN

5 PIN

6 PIN

T PIN

fiers — triodes, pentodes and special tubes for
superhet converters and Class-B amplifiers (see
Chapter Eight also for information on the latter).

From the above it is obvious that the first
question to be decided is that of filament supply.
If a.c. is available it is undoubtedly best to use
the heater-type tubes, not only because no bat-
teries will be required but because, type for type,
these tubes are better than the others. On the
other hand, an all-d.c. set will have no “hum
troubles.”

Fig. 510 shows the socket connections for the
tubes listed in the table. The symbol for each
type of tube also is shown.

Receiver Construction

A The receiver descriptions which follow are in-
tended to illustrate the points just discussed. The
various arrangements need not be followed slav-
ishly by the constructor, providing principles of
good design are not violated. For instance, any
of the various band-spreading schemes already
detailed may be substituted for the one in the
particular set in which you are interested. If you
prefer to use coils wound on forms other than
those specified by all means do so, but at the same
time remember that some modification of the coil
sizes given will be necessary if the forms differ in
diameter. Audio systems may
be interchanged, likewise. A
little common sense applied to
most of the problems you may
encounter will solve nearly all
difficulties.

TOP OF SOCKET

Tools

A While it is possible to put a
set together with the aid of only
the proverbial jackknife, a few
good tools of the proper sort will
be found invaluable in saving
time and helping to make a
good job mechanically. The
following list is typical of the
tools which most amateurs con-
sider adequate:

Soldering iron (preferably elec-
tric)
Large and small side-cutting

directly-heated cathodes while
the power audio amplifiers have
both directly- and indirectly-
heated cathodes.

In each group will be found
general-purpose three-element
tubes which are useful as de-
tectors, audio amplifiers and
oscillators; screen-grid ampli-
fiers (usually two types of these,
one with.ithe ‘‘variable-mu”
feature, the other without); and
various kinds of power ampli-

FIG. 510 — TUBE SOCKET CON-
NECTIONS FOR  RECEIVING
TUBES

The diagrams in the left-hand
column are for the sockets as viewed
Sfrom the bottom, thosein theright-
hand column as viewed from the
top. The pin numbering is accord-
ing to the system adopted by tube
manufacturers (R.M.A. standard).
The accompanying table indicates
by number the tube element con-
nected to each socket pin, also to
the cap on top of the tube when
thereisone.

pliers

Large and small screwdrivers

Hand drill stock with a few
drills of different sizes (Nos.
11, 18 and 28 will be most
useful)

File (not too large)

Knife (Boy-Scout kind)

Hammer

Vise (the small 4" size will do)

Steel rule (6" or 12")

With these tools it is possible
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to construct practically any of the apparatus or-
dinarily built at home, Others will be found useful
at times, however. A small tap-holder, a die-holder
and three or four taps and dies covering the 6-32,
8-32 and 10-32 sizes can be obtained from a hard-
ware store at reasonable cost. With the dies you
can thread brass rod and run over threads that
become “bunged-up” on machine screws. With
the taps you can thread the holes you drill so that
they will take machine screws to hold the appa-
ratus you wish to mount. A hacksaw, reamer,
center-punch, scriber, tweezers, square and some
other inexpensive tools are also desirable but not
entirely necessary.

In building equipment for experimental pur-
poses and for temporary use it is just as desirable
to use system in laying out the apparatus and in
wiring up as when the more permanent panel job
is built. Some square “breadboards,” a bunch of
General Radio plugs and jacks, Fahnestock clips,
some scrap bakelite pieces for building terminal
boards, angles for supports and an assortment of
different sized brass machine screws, wood screws,
nuts, and washers will make it easy to build up
and try out new circuits. It is a good idea to keep
some hook-up wire on hand, and various sized
spools of magnet wire will prove useful in doing
temporary wiring if you are an experimenter.

A table of drill sizes giving the proper num-
bered drill to use for passing a screw through a
panel or for tapping to take a certain size of ma-
chine screw is included in the Appendix. Only the
sizes most used in radio constructional work are
given.

Soldering and Wiring

A In wiring different pieces of apparatus a neatly
soldered job will repay the builder in good appear-
ance and reliable operation. Good connections
may be made without solder, but a well-soldered
joint has low contact resistance.

Making good soldered joints is a quite simple
matter. A few points should be kept in mind for
best results. A hot well-tinned soldering iron,
clean, bright surfaces, and a small amount of
rosin-core solder will do the trick. Tinning the
parts to be soldered before completing a joint will
be helpful.

Soldering flux keeps the clean surface from be-
coming oxidized when heat is applied. Acid fluxes
or soldering pastes are especially to be avoided.
They are good for mending tin pans and gutter
pipes but cause corrosion of electrical connec-
tions. The melted ‘ paste” can cause a set to oper-
ate poorly or to become inoperative by adding
leakage paths across coils and condensers. Use
lump or powdered rosin that can be obtained for a
dime from any drug store, or buy “rosin-core”
solder.

“Tinning” the soldering iron is done by filing
the point bright and clean and rubbing it in hot
solder with a little flux until the point is covered

with clean solder. Scrape connections with a knife
or file before soldering, to save time and make a
joint good electrically and mechanically. The
soldering iron must be re-tinned occasionally if it
becomes overheated. It should always be used

FIG. 511 — GOOD TOOLS CONTRIBUTE TO GOOD
CONSTRUCTION

All those illustrated, although convenient, are not
entirely necessary. Those suggested in the text are
recommended as the basis for the constructor’s
equipment.

when very hot but not allowed to become red hot.
A hot iron makes soldering easy.

Simple Regenerative Receivers

A A simple receiver of sturdy construction, rep-
resentative of modern regenerative types, is
illustrated in Figs. 512-516, inclusive. It consists
essentially of a regenerative detector and one
audio stage, and is intended for headset recep-
tion, It is also adapted to either 2.5- or 6-volt a.c.
or d.c. filament supply with heater-type tubes, or
to 2-volt low-current filament supply with slight
modifications.

The circuit diagram of the receiver is shown in
Fig. 514 as intended for heater-type tubes and in
Fig. 517 as modified for 2-volt filament-type
tubes. Additional views demonstrating the con-
structional details are given in Figs. 513 and 515.
The actual layout used is not particularly im-
portant except that, as always, it is desirable to
have short leads in the r.f. circuit. Metal chassis
construction is strongly recommended, since the
shielding thus afforded is helpful in reducing
capacity effects and in cutting out hum pickup
from the induction fields which permeate most
homes having a.c. wiring. For these same reasons
a metal cabinet is advantageous, and since it is
possible to purchase metal boxes for less than the
cost of the aluminum that would go into making
one of the same dimensions, the set was made to
fit such a box, in this case a National Type
C-SRR. The aluminum base or chassis on which
all the parts, including the tuning condensers and
the regeneration control, are mounted measures
715 by 714 inches. Quarter-inch square brass rods,
drilled and tapped for 6-32 screws, are fastened
along two edges of the base to furnish a con-
venient means of securing it in place in the
cabinet.



STANDARD RECEIVING TUBES

Filanment I 1 | 1 | [ | Base
Typ | D :_ o_r H—em—er_ {’.l:llte (\;::":1 i&qrcen Screen | Plate I’]at'e .\Iun.ml ; .-\'mp. | ij‘ad (I)’:t‘;f:‘ N Connecnonii
No. | escription ' ;:bts Volts \Z'L‘S | .\}3. | \};\ Resnrst.mce' (;(1):3(‘::::;:3:9| F.n:;tor | Rﬁ;ls'tli\snce Vates 0
| | \zlfts |:\r?5)s. E. | 1 | » | | ( |(Audw)’ 1 5 6 7 |Cap
— = ] ' I ' ' | ' : ' I
30| Trioed Det., Amp. 2.0 | 0.08| 180 135 | | |31 | 10300 | 900 IR ' G | .
32/$.G. R.F. Amp., Det, 2.0 | 0.06| 180 | 3.0 | 67.5 | 0.4 | L7 | 1200000 650 | 780 | | {.s' | ! I
" 34|Var-uS.G. Pentode 2.0 | 0.06| 180 | 3.0 67.5 @ 1.0 | 2.8 |1000000 620 | 620 | ' || G
146, Pentagrid Converter? 20 | 006 18 | 3.0 |67.5 | 2.4 | 1.3 | 500000 ! ! [ (G| G| G
ﬂil’enmgrid Converter? 2.0 | 0.12| 180 | 3.0 |67.5 | 2.0 | 1.5 | 750,000 : ‘ | : Go | Go | Gy Gy
19| Twin Amp. (Class B) 20 | 026 135 | 0 ' 10-35 ' 10000 | 21 G P | G
" 31|Triode Power Amp, 2.0 | 0.13| 180 | 30.0 12.3 | 3.600 : 1050 3.8 5700 | 0.375 ; ¢ | | L
33 Pentode Power Amp. [ 20 [ 02| 135 | 135 | 135 3.0  14.5 | 50000 1450 70 7000 0.7 G |8 \ __
49|Dual-Grid Power Amp.3 [ 20 | 02| 180 o ' : 435 | ‘ | | 12000 | 3.5 |G | G ;_,_
_—‘Z;!'I'riode Det., Amp. | 25| 1.7 | 250|210 | : 52 9250 | 975 | 9.0 | |G | c N
56[Triode Det., Amp. 2.5 I 1.0 | 250 |13.5 ' | 5.0 i 9.500 | 1450 13.8 | | G ‘L‘ l_._
$.G. R.F. Amp. [ 25 I' 1.75 | 250 |80 90 | 17 | 40 | 600,000 1050 630 | I_S_:L’ _‘ @
35| Var-4 $.G. R.F. Amp. | 250 | 175 | 280 EXEE | 2.5 6.5 | 400000 1050 | 420 | ‘ s fc ‘ G
57|Pentode R.F. Amp. | 2.5% | 10 | 20 | 30 | W00 | 05 20 | over1s 1225 : 1500 ! v s le| k| G
" 58|Var-u Pentode RF. Amp. | 2.5+ 1.0 | 250 a0 i 100 | 20 8.2 | 80,000 E 1600 1280 | ] : s !T K | |@
247|Pentagrid Con\'erter:-— | 2.5 | 0.8 | 250 ' 3.0 | 100 | 2.2 3.5 | 360,000 . I ' (Glc | G 6
" 2A6|Duplex-Diode, High-s Triode' | 2.5+ | 0.8 | 250 | 135 | | 01 : ' . nlc | b ‘_ o
2B7|Duplex-Diode, Pentodes EXIETRELD |30 | w25 | 23 90 | 65000 125 730 | ! slc| o [pla
" 55| Duplex-Diode, Triodet 2510 20 200 | . |80 | 70 m00 | 83 | 20000 | 035 b || b | 7
" 243[Triode Power Amp. | 25 | 2.5 | 250 | 45.0 | ; 60.0 | 800 | 250 | 4.2 2500 | 3.5 le || ’
_ 2A5/Pentode Power Amp. |25 175 250 | 1605 | 250 | 6.5 |34.0 | 100000 2200 | 220 700 | 30 |5 |G | :_
_45T_ri;ie Power Amp. | 2.5 | 1.5 ; 275 | 56.0 | | 36.0 1700 | 2050 ' 3.5 ' 4600 | 20 |G | ' L
46 Dual-Grid Pover Amp* | 2.5 | 1.75 | 250 | 33.0 | | 22.0 2380 | 2350 | 5.6 | 6400 | 125 G| Gi | N
__47|Pentode Power Amp. | 25 | 1.75] 250 |16.5 | 250 | 6.0 | 31.0 60,000 | 2500 | 10 7,000 |27 Gs | i
53|Twin Amp. (Class B) | 2.5+ 2.0 | 300 I o | 35110 ' ] 10,000 | 10.0 ¢ |p| G |c L
59| Triple-Grid Power Amp.’ 2.5% | 2.0 | 250 | 28.0 1260 | 2400 2600 | 6.0 5000 |13 Gl C | G |G|
" 2B6|Special Power Amp." | 2.5% | 2025 | 250 | 24.0 | 40.0 5150 | 3500 | 18.0 | 5000 | 4.0 | Pi| Cs|CoG: G|

Plate and screen ratings in this table are maxinium.

* Indirectly-heated cathode.
! See tube-base layout diagram, Fig. 508. Pins 3 and 4 are
grids in multi-grid multi-purpose tubes numbered in order {r

2 Ratings refer to screen-grigi section only,

11 Alen bnawn ae Trinla Tarin

(o nvmtmtn bl b aeem

PO P

j‘

PSR I

s

always heater or filament connections; Pin 2 is always a plate.
om cathode; K, suppressor grid; P, plate; S, screen grid.

C, cathode; D, diode plate; G,

control grid; G, G, Ga, Gy,

8y
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l Filament I | ‘ I | Pow o Base .
Type Deseription prHeer | Pt | S |Sen | Sqeen| Bate | Tt f Ml ) ATE: | nostuanee| Quoput e
No Volts | Amps. Es Volts E, ‘1,4' ‘Io' Ty Mieromhos M Ohms (‘e:é::) ! |
[ £ I}’S ‘ ‘ 15 6 | 7 a(‘rnp
37/ Triode Det., Amp. | 6.3* | 0.3 | 250 | 180 | 75 | ss0 1o | o2 ‘ e T' I‘
W:Triode Det., Amp. 6.3* | 03 | 230 135 | J | 5.0 9,500 1450 | 13.8 | ¢ c | i
36/8.G. R.F. Amp. 6.3* | 03 | 250 | 3.0 | 90 | 1.7 | 3.2 | 550,000 1080 | 595 | s |c | @
%:\'ar.-u Pentode R.F, Amp. | 6.3* 0.3 | 250 | 3.0 90 | 1.4 | 5.8 1000000 1050 1050 1 |s |c | |e
77/Pentode R.F. Amp. 6.3 0. | 20 3.0 | 100 | 0.6 | 2.3 1500000 1250 1500 | ‘ s | ¢ K G
~ 78|Varu Pentode R.F. Amp. 6.3* | 0.3 | 280 | 3.0 | 125 | 3.0 |10.5 | 600000 1650 990 | ' s ¢ | K| @
6C6|Pentode R.F. Amp. 6.3¢ | 0.3 | 0 | 3.0 | 100 | 05 | 2 | over 15 | 1228 | 1000 | s |c K l l(.
El\'ar.-u Pentode R.F. Amp. -‘ 6.3 | 0.3 | 250 | 3.0 | 100 20 8.2 50000 | 1600 | 1280 | | s ¢ & | «
75| Duplex-Diode, High-u Triodet | 6.3% 0.3 250 I 1.35 | 0.4 ‘ [ ‘ D C D | «
_ 85|Duplex-Diode, Triodet | 6.3* | 03 | 230 | 20.0 8.0 | 7500 1100 83 | 20000 03 D € D | |G
8B7 Duplex-Diode, Pentodet | 6.3% | 0.3 | 250 | 3.0 | 125 | 2.3 | 9.0 | 650000 1125 | 730 ls | b b6
6F7 Triode, Pentode? T 6.3*| 03 | 20 100 | 100 | 06 | 2.8 ‘ ’ s | ¢ PG
Eil’enmgrid C'onverter? ‘ 6.3% | 0.3 250 —3—6 100 _‘;.’—‘ 3.5 360.000 | | | | Gz I « (;1—‘ G2 z
6A4|Pentode Power Amp.? 6.3 ( 0.3 180 12.0 180 | 3.0 | 22,0 45,500 | 2200 | 100 | 8,000 ¢:_ « [ SN Ll
38| Pentode Power Amp. 6.3 | 0.3 | 250 | 25.0 | 250 | 3.8 | 220 | 100000 1200 | 120 | 10,000 | 25 |5 [c G
41|Pentode Power Amp. [ 6.3 04 | 250 180 | 250 55 |32.0 68000 | 2200 | 150 7600 | 34 |5 | 6|
42|Pentode Power Amp. | 6.3* | 0.7 | 250 165 250 | 6.5  34.0 | 100000 200 | 20 | 7000 | 30 S | G|
79 Twin Amp. (Class B) | 6.3* | 0.6 | 250 | 0 | | 1060 | ‘ 14000 80 G P | G
__ 89[Triple-Grid Power Amp0 | 6.3* | 0.4 | 250 | 31.0 ' 1320 | 2600 | 180 | 47 550 | 00 G €| G G
 864(Triode Amp. |11 | 025 135 | 90 | | 3.5 | 12700 | 645 8.2 | | G : l ‘_f_
20| Triode Power Amp. | 33 | 013 135 | 25 | 6.5 6300 | 525 3.3 6500 011 |G .
 22SG.RF. Amp. 33 | 013 135 | 15 675 | 1.3 3.7 325000 500 | 160 ‘ s || BE
01-A Triode Amp., Det. | 5.0 | 0235 135 | 9.0 | 3.0 10,000 80 | 8.0 | G ‘ [ |
iETriode Amp. 5.0 | 0.25| 180 | 3.0 | : | 0.2 | 150,000 200 | 30 | f ¢ | | ||
112-A|Triode Amp., Det. 5.0 | 0.25 180 | 13.5 ! 7.7 | 4700 | 1800 | 85 | ! ¢ | I [
71-A |Triode Power Amp. | 5.0 | 0.25| 180 |43.0 | 200 | 1750 1700 | 30 4800 079 G | | L
" 43|Pentode Power Amp. [24.0¢ | 0.3 | 185 | 200 | 1385 | 7.0 ]34.0 | 35000 2300 8 | 4000 20 8 ¢ : G | .
48|Tetrode Power Amp. 30.0% | 0.4 | 125 | 225 | 100 l 9.0 |50.0 | 10000 2800 28 | 2000 \ 2.5 ]s G | ¢l |
3 Ratings are for two tubes in Class B. 4 Triode ratings only. s Pentode ratings as screen-grid r.f. amplifier. 8 Class-A ratings. See Chapter Eight for Class-B ratings.
Class-A triode ratings. Class-B ratings approximately the same as those of 46; C'lass-A pentode ratings approximately the same as those of 2A5. 8 Pentode unit as mixer.

¥ Also known as Type LA. 10 Class-A triode ratings. As pentode, maximum output is 3.4 watts; two 89's in Class B at 180 volts, 3.5 watts output.

s

boay-ysiy

) Aouan

ENERYENT

6¥



50 The Radio Amateur’s Handbook -+ - -

The two tuning condensers are mounted
along the front edge of the base with their
shafts projecting beyond the edge so the
dials can be fastened to them when the set
is put in the box. Behind the tuning con-
densers is the socket for the plug-in coils,
an isolantite socket mounted on metal
pillars so the socket prongs clear the base.
The grid condenser and leak are just behind
the right-hand tuning condenser, the far
end of the condenser being supported from
the base by a small piece of bakelite drilled
and tapped to serve as a mounting. L

To the rear of the grid condenser is the
detector tube socket, and in the rear right-
hand corner the binding posts for the
phones. The audio tube socket is next, and
occupying the rear left-hand corner is the
audio coupler. The antenna and ground
terminals are along the left edge of the
base mounted on a bakelite strip.

The coil socket is mounted so that the leads to
the tuning condensers are short and convenient.

FIG. 512— THIS TWO-TUBE RECEIVER HAS A

CONTINUOUS FREQUENCY RANGE OF 1450 TO

41,000 KILOCYCLES AND GIVES COMPLETE
BAND-SPREAD ON FIVE AMATEUR BANDS

It can be used with either 2.5-or 6.3-volt tubes with-
out change in the wiring. The right-hand dial gives
general coverage and that at the left gives band-spread
around any frequency for which the general-coverage
dial may be set.

FIG. 513 — THIE “CHASSIS” OF THE TWO-TUBE
RECEIVER

All parts are mounted on the square sheet-alu-
minum base. The location of the components is de-
scribed in the text.

The rear right-hand socket terminal (No. 4) is
connected to the cathode of the detector tube; the
wire from the coil socket drops down through a
hole in the base and runs underneath to the tube
socket. A wire from this same prong also runs
through another hole in the base to the antenna
post. The connection to the ground terminal is
similarly made to the rear left-hand terminal
(No. 2) on the coil socket. The feedback coil —
the part of the coil included between the cathode
tap and ground — is thus made to serve as the
antenna eoupling coil as well. Experiment has
shown that this method provides just about the
right amount of coupling, keeping antenna effects
to a minimum while providing plenty of signal
strength.,

Parts mounted below the base include the re-
generation control, the plate by-pass condensers
and plate choke, and the screen and audio
cathode by-pass condensers. This last is a double
condenser having two sections of 0.5 nfd. each.
Increasing each to 1 pfd. will reduce regeneration-
control resistor noise and aid in amplification of
the lower audio frequencies. The audio cathode
resistor and the screen dropping resistor also are
mounted underneath the base. The regeneration
control resistor is mounted on a bracket made
from half-inch brass strip, from which it must be
insulated. An extension shaft gives the necessary
length so that this resistor can be controlled from
the panel.

Fitting the set to the box requires a little care,
but presents no particular problems. The back
and bottom of the box should be removed, after
which the receiver can be pushed in from the
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rear. A space of about two inches between the
bottom and the base will be sufficient ; lines should
be ruled along the inner sides of the box as guides
so the chassis will be square with the box. Then
the points at which the shafts of the tuning con-
densers and regeneration control go through the
front should be marked and holes drilled to cor-
respond. These may be made fairly large, and
small inaccuracies will not matter. The next step
is to drill small holes along the sides of the box for
the screws which fit into the brass-rod mounting
strips. Drilling and tapping of these rods for the
side screws should be left until after the holes in
the sides of the box have been drilled, so that their
exact location can be easily spotted when the set
is in its final position. The dials should not be
fastened in place until all the other mechanical
work has been finished; if dials similar to those
shown (National Type B Midget) are used, the
drilling template should be lined up with the con-

form at the proper point, cutting off the wire and
running it down to the proper pin. A new piece
of wire with its end fastened in the same pin con-
tinues the winding. When finished, the windings
should be given a coat of clear Duco or coil dope
possessing good adhesive properties.

With the coils specified, the band-spread is be-
tween 80 and 100 dial divisions on the band-
spread condenser on all except the 3500-ke. coil.
In this case the tap has been adjusted to spread
the 400-ke. ¢.w. portion over the whole dial. Good
spread on the 'phone portion is obtained by re-
setting the main tuning condenser, C, so that the
high-frequency end of the band is covered on C;.

Any desired degree of spread can be obtained
by changing the position of the tap. Moving the
tap toward the ground end will increase the
spread — decrease the frequency coverage — on
C,, while moving the tap toward the grid end will
make C; cover a wider frequency range. Unfor-

denser shafts after the receiver is se-
curely mounted in the box. This will
avoid the embarrassment of having
condenser shafts and dials refuse to
line up. The only precaution to be ob-
served in connection with the regenera-
tion-control shaft is to see that it does
not touch the box as it comes through.

Coil Construction

A Fig. 516 shows how the connections
are made on the coil forms, while the
specifications are given under Fig. 514.
In all cases the grid and ground ends
of the coils come through the forms
directly over their respective pins, and
the tap specifications are given in turns
and fractions of turns from the ground
end. The length of the winding should
be exactly 14 inches on all coils, and
on all but the 1.75-me. coil the turns
should be separated to give an even
spacing throughout. The 1.75-mc. coil
is close-wound with the wire specified.
Different brands of wire vary a bit in
insulation thickness, so if the com-
pleted close-wound 1}4-inch coil has a
turn or two more or less than indicated
in the coil table it is quite in line with
what would be expected. A small varia-
tion in the total number of turns on
this coil is unimportant so long as the
taps are counted off from the ground
end as specified. The turn spacing on
the 3.5-mc. coil is adjusted by putting
another winding of the same size wire
between the turns of the actual coil,
the auxiliary winding being removed
after the coil terminals are soldered in
place. Spacing on the higher-frequency
coils is adjusted by hand. Taps are
made by drilling a hole through the

FIG. 514 — CIRCUIT DIAGRAM OF TIIE TWO-TUBE
RECEIVER

For 2.5-volt a.c. filament operation, the 57 and 58 are recom-
mended as detectors and the 56 as the audio amplifier. For stor-
age battery operation suitable detectors are the 77, 78, 6C6, and
6D6; audio amplifier, 76 or 37. These tubes also can be operated
from a 6.3-volt transformer.

C1, C2 — 100-pufd. midget variable (Hammarlund MC-100-S).
Ca, Cs, Cs — 100-pufd. fixed mica condenser (4erovox Type 1460).
Ce, C1 — .5-ufd. or larger.

Ry — 5 megohms.

R2 — 50,000-ohm potentiometer (Frost) small size.

R3 — 25,000 ohms, 10 watts (Ohmite).

R4 — 2000 ohma, I watt.

Re — 75 ohms, center-tapped (Ohmite).

R FC — Universal wound short-wave choke (Hammarlund).

L2, Cs, Rs — Screen-grid coupler (National Type 2-101). Suitable
values are: L2, 500 henrys; Cy, .01 pfd.; Rs, 0.5 megohm.

Coil Data
Frequency Range Total turns, Cathode Band-Spread

L Tap Tap
1450 to 31400 ke. (1.75) 54, 3V 293
3050 to 7100 ke. (3.5) 27% 1Y, 1134
6100 to 14,200 ke. (7) 13% 3% Y
10,600 to 24,000 ke. (14) 7% % 1Y
18,000 to 41,000 kc. (28) 3% B %

All coils are wound with No. 24 d.s.c. wire on 14-inch diameter
forms, the length of the coil being 14 inches in all cases. The
figure in parenthesis after each frequency range indicates the
amateur band for which that coil is used. The taps are counted
off from the lower or ground terminal. Assuming that the tuning
dials have 100 divisions and that the 0 end of the scale represents
maximum condenser capacity, the setting of Cz to give amateur
band coverage on Ci will be approximately as follows, using ap-
propriate coils: 1.75 me., 44; 3.5 mc., 38; 7 me., 28; 14 mec., 54;
28 me., 78. See text on coil construction.
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tunately the position of the tap for a predeter-
mined amount of band-spread eannot he readily
caleulated, and the work must he done ex-
perimentally.

Eleetrically, there are only two pitfalls to avoid.
The first is to make sure that the part of the coil
included between the eathode tap and ground
end is as elose to specifications as possible. 1t
does not take mueh “tickler” in this circuit
to provide all the needed feedback, and too much
feedhack not only reduces the sensitivity but also
may lead to howls.

The second thing to avoid is the use of a make-
shift audio coupler between the detector and
amplifier. While audio transformers ean be pressed
into service as coupling impedances, a good
many of them show a pronounced tendency to
produce fringe howl. Trouble of this sort can be
sidestepped by acquiring a coupler made es-
pecially for the job of coupling a screen-grid
detector to an audio amplifier. There are several
of them on the market.

The receiver can be used with either 2.5- or
6.3-volt tubes of the types enumerated under the
circuit diagram, and is suitable for cither a.e. or
storage-battery operation of the filaments of 6.3-
volt tubes. Plate voltage can come either from a
“137 pack or batteries, with voltages from 90 to
250 volts being satisfactory. Somewhat greater
signal strength will be obtained at the higher
“137 voltages.

— TIHS UNDERNEATIH VIEW SHOWS THE
ATION CONTROL RESISTOR AND THE
/S BY-PASS CONDENSERS AND RESISTORS

The positive B’ terminal is on a small picee of
Sibre which insulates it from the base. Each filament
lead in the six-wire cable consists of tico wires soldered
together to lower the voltage drop. il gronnd connee-
tions from the tuning condensers and coil are bonded
together,

The set should first be tested with the antenna
diseonnected to make sure that it goes into oscil-
lation smoothly, and, incidentally, to make sure
that the plate power-supply, if an eliminator, is
free from tunable hums. If the receiver is quiet
and stable throughout the entire range, the an-
tenna may be connected. 1f hum and body eapac-
ity now appear at some part of the range, different

76 Gnd. 7% Cathode

To’c, 70°Cy

COIL CONNECTIONS (from top)

F1G. 516 — COIL SOCKET CONNECTIONS AND THE
METHOD OF BRINGING OUT COIL TERMINALS

antenna lengths should be tried. It should not be
difficult to find a length which will permit stable
operation in the amateur bands.

A cireuit diagram of the receiver arranged for
operation with hattery-type 2.0-volt tubes is
shown in Iig. 517. The differences hetween this
and the cireuit of Fig. 514 are principally in the
filament cireuits, the directly-heated filaments of
the 2.0-volt tubes requiring somewhat different
treatment. The meehanieal construetion and
operating features remain unchanged from the
other model, however.

When batteries are used for “13” supply with
the heater-type tube model, a switeh should be
installed in the negative “ 13" lead so the batteries
can be disconnected from the voltage divider
when the receiver is not in use and thus avoid
unnecessary draincon the batteries. In the 2.0-volt
tube model the filament switeh is all that is neces-
sary, since the voltage divider is omitted from the
receiver,

A Three-Tube Regenerative Receiver
A The progressive amateur is rarely content to
operate a receiver not fitted with at least one
stage of radio-frequeney amplification, The
inerease in sensitivity and the general improve-
ment in performanee made possible by a stage of
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R, 32

EosSS

30 sult not only in poor shiclding but will
undoubtedly he the source of many
noises,

The tuning condensers are IHammar-
lund midgets, mounted as shown in Fig.
520. To gang the two condensers the
spring contacts which wipe on the shaft

ANT

should be removed so that a flexible

llll
i,

coupling can he slipped over the shaft.

+B
90 10
135v

472 70
9V
1, 517 — FHE TWO-"TUBE RE¢ ER DIAGRAM
ADAPTED FOR 'TWO-VYO IBES

Componeuts harve the same values as indicated in
Fig, 511 The filament supply may be frons an Air-Cell
Battery or from tico dry cells counected in ser
the latter case a H-olun rheostat should be connectod
i series acith the A7 battery so the voltage applicd
to the filaments can be regudated to the proper value.
The detector filament choke, RFCy, is wonnd awith
No. 30 s.x.cowire on a half-inel form toa length of two
inches.

r.f. amplification is usually well worth the addi-
tional apparatus and the added eonstruetion.

The three-tube receiver illustrated, and dia-
grammed i Fig. 519, has a tuned r.f. stage with
controllable sensitivity. The eircuit arrangement
differs a little from those previously deseribed,
but the operating prineiples are the sume. The
hand-spreading system will be recognized as the
first of those outlined early in this chapter. It is
used in this set because it is one of the easiest
systems to get working when the tuning of two
stages is to be ganged, and beeause the

The connection to the rotor plates of
the condenser so altered should be made
through the front bearing when this is
done, beeause the rear bearing may be
noisy. The condensers and dial are conneeted
together by means of pieces of quarter-ineh shaft-
ing and small flexible couplings.

The deteetor eireuit is designed to permit the
use of 3-prong coil forms. Only three terminals are
needed for the oseillating cireuit, the other two
being available for the coupling eoil from the r.f.
stage. As in the two-tube receiver, the tickler in
this circuit comprises the portion of Ly between
cathode and ground, and is smaller than the
tickler of more usual regenerative eireuits.

A small andio transformer is used to couple the
detector to the audio amplifier. A coupler such as
the one used in the two-tube receiver ean be
substituted, provided changes are made in the
mechanieal arrangement of the set so it ean be
fitted in.

The wiring diagram, Fig. 519, is for operation
from an a.c. power pack which will deliver 2.5
or 6.3 volts a.e. for the filaments and 200 volts
d.e. for the plates. Voltages for the screen grids

relatively large capacity in the tuned
circuits makes the detector oseillate more
stably and thus prevents the signals from
wavering should the “ B supply voltage
change slightly. X

The panel is of 24-inch aluminum and
mensures 7 by 14 inches. The sub-base is |
made of a single picce of 35,-inch alu- |
minurn with the corners eut out and edges  |*
hent down in a vise so that the top sur-
faceis 131, by 7 Vs inches and the vertieal
sides are two inches high. The two shield
boxes are made of 1{g-inch aluminum,
cach measuring 434 inches high, 44
inches wide and 7 inches deep. The panel
constitutes the front of hoth hoxes. The
pieces making up the sides of the hoxes

e

are fastened together by heing serewed
to vertical pieces of Y4-inch square brass
rod which have been drilled and tapped
to take small maehine serews at appro-
priate points. Similar rods also are used

sens

FI1G. 518— A MODERN FHRE

'BE "FUNED R.F.
TEUR BAND RECKIVER

AMA-

It comprises a stage of t.r.f. amplification awcith controlled
tv.a stuble regenerative detector and one-stage audio.
11 uses heater-type tubes for a.e. or 6-volt d.e. operatiou,

The tuning dial is placed at the left so the

receiver ean bhe

to fasten the boxes to the panel.

It is important, in building up the
chassis, to make certain that good con-
tact is made between all metal parts,
Loose panels in the shicld boxes will re-

operated without getting in the way of papers. log books. ete,
To the right and below the dial is the regeneration control.
The tico uppor kuobs are the band-setting condensers. The
seusitivity control v the lower right-hand corner. The audio
tube and the phone binding posts can be glimpsed behind the
drum dial on the sub-base.
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are obtained by means of voltage dividers and
series resistors. If “B’’ batteries are to be used
resistors Rs and Rg may be omitted and a separate
lead brought out from R)o to the 45-volt tap on
the “B” battery.

Resistor R, controls the amplification of the
r.f. tube by varying the bias applied to its grid.
The advantage of such a control is that it permits
reducing the strength of strong signals and thus
prevents the detector from “blocking” or “pull-
ing in.” A strong signal will occupy much more
space on the dial than a weak one unless its
strength can be reduced. The sensitivity control
does this and thereby greatly increases the
effective selectivity of the receiver.

The antenna input has been arranged so that a
doublet antenna can be used with the receiver
(see Chapter Twelve). With an ordinary antenna
and ground, one of the antenna posts should be

connected to the ground post to complete the
circuit.

Should the set not work right at the first trial,
check over the wiring and apply the tests outlined
later in this chapter. These tests also apply to the
two-tube a.c -d.c. receiver previously described.

Superhet Receivers — Frequency Converters

A As has been mentioned previously, the
superhet-type receiver differs from the simpler
regenerative autodyne typesin that the incoming
signal frequency is first converted to a fixed inter-
mediate radio frequency (usually of from 450 to
500 ke. in high-frequency superhets) and is
then amplified at the intermediate frequency
prior to audio-frequency detection. The fre-
quency conversion is accomplished by a hetero-
dyne process; that is, the incoming signal and the
output of a local oscillator are simultaneously

58 RFC 56
A, T
Cs
=
Ly <o Q
C C
b = G =B s, [
Ry
-
$ l_c', T
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FIG. 519 — CIRCUIT DIAGRAM OF THE THREE-TUBE RECEIVER

The tube filaments (heaters) and the dial light are wired in parallel. The tubes indi-
cated on the diagram, are for 2.5-volt a.c. operation. The 58°s would be replaced by
78’s or 6D6’s, the 56 by a 37 or 76, and a 6-volt dial light should be used for 6-volt d.c.
operation. With battery B supply resistors Rs and Re should be omitted, and the posi-
tive terminal of the regeneration control Rio should be connected to the plus-45-volt
battery tap; also, a d.p.s.t. switch should be included to cut off both sides of the B
supply when the receiver is not in use, in addition to a switch in the filament circuit.
The negative-B connection is made to the chassis (ground). Heary lines indicate
*‘ground’’ connections which should be made to a single common point on the chassis.
Power-pack design for a.c. operation is given in Chapter Ten.

C1,2 — 35-ppfd midget condensers (Ham- R3— 10,000-ohm wire-wound poten-

marlund MC-35-8). See text. tiometer, tapered.
C3, 4 ~~ 100-ppfd. midget condensers (Ham- R4 - 50,000 ohms, 2 watt.

marlund MC-100-8). Rs — 14,000 ohms, wire-wound, 5 watt.
Cs, 8, 1, 8 — .01-ufd. mica condensers. Re — 5000 ohms, wire-wound, 5 watt.
Cyr 10— I-pfd. non-inductive paper condens- Ri— 100.000 ohms, 1 watt.

ers, Rs — 1 megohm.
C1, 12 — 100-ppfd. fixed mica condensers. Ry — 2000 ohms, 1 watt.
€13 — 250-pufd. mica condenser. Rye — 50,000-0hm potentiometer.
Ry — 5-megohm resistor.
R2 -~ 250 ohms, 2 watt.

Coil Data
Ly, Lz on"same form; Ls, L4 ditto.
Band L Lz L3 L4

1750 10 55 30

55 tapped at 3rd turn

3500 6 28 20 28 ‘ Ist ¢
7000 5 11 9 .2 B “lg o
14,000 3 H S 5 ¢ “ -

All primaries (L1 and L3) are wound with No. 36 d.s.c. wire. The 3500-kc. grid coils
are wound with No. 20 d.c.c.; 1750-kc. grid coils with No. 28 d.c.c.; both close-wound.
The 7000- and 14,000-kc. grid coils are wound with No. 18 enamelled wire spaced to
occupy a length of 1Y4 inches. Taps are from the ground end of detector coils. National
5-prong coil forms (diameter 114 inches) are used. Spacing between coils on form is
approximately Y4 inch.

detected in a stage
whose output cir-
cuit is tuned to the
intermediate fre-
quency. The output
product selected is
the beat between
the incoming signal
and local oscillator
voltages and is
therefore of a fre-
quency equal to the
difference between
the signal and os-
cillator frequencies.
Whatever modula-
tion (speech or code
keying) there may
be on the incoming
signal wave is iden-
tically reproduced
in the i.f. beat out-
put of the first de-
tector. Conse-
quently, the i.f. cir-
cuits and second
detector behave
with respect to the
i.f. signal exactly as
a conventional
tuned r.f. amplifier
and detector circuit
receiving a signal of
the frequency to
which the circuits
are tuned.

The frequency
converter is the
heart of the super-
het receiver and on
its operation de-
pends largely the
performance of the



High-Frequency Receivers

S35

FIG. 520 — PLAN VIEW OF THE THREE-TUBE AUTODYNE WITH
SHIELD COVER REMOVED

The detector stage is next ta the drum dial. The ganged tuning
condensers are mounted on the left-hand wall of each shield. The
Isnlantite coil sockets are maunted on small pieces of hrass tubing
which lift them far enough above the base to prevent grounding of
the contacts. The detector grid condenser and leak are just hehind
the coil in the detector campartment. The tubes, also mounted in

small capacitance. The 100,000-
ohm plate load resistor of the os-
cillator may be replaced by a
high-frequency r.f. choke in some
instances, the operation being
equivalent. The essential feature
of this arrangement is that both
the signal and oscillator voltages
are impressed on the same grid.
The conversion gain (ratio of if.
voltage output to signal voltage
input) and input selectivity are
generally good, so long as the sum
of the two voltages tmpressed on the
grid does not exceed the grid bias
and run the grid positive. Since
the if. voltage produced is the
product of the signal and oscillator
voltages, it is desirable to make
the oscillator voltage as high as
possible without exceeding this
limitation. In practice, with the
circuits tuning over a number of
bands and therefore likely to give

sub-panel sockets, have individual shields.

whole set. Since the intermediate-frequency value
adopted for short-wave supers represents a con-
siderable difference between the signal and local
oscillator frequencies, it is not feasible to use a
simple aufodyne detector having one tuned eircuit
as in the autodyne regenerative receivers used for
beat-note ¢.w. reception. Separate circuits must
be used, that of the first detector input being
tuned to tke signal frequency and that of the
oscillator being tuned higher or lower by an
amount equal to the intermediate frequency.
Because of circuit convenience and other factors,
it is general practice to have the oscillator tuning
intermediate frequency higher than the first
detector input circuit.

With the two tuned circuits, os-
cillator and first detector, two
separate tubes may be used; or
there may be a single tube de-
signed to provide separate sets of
elements for oscillator and de-
tector circuits. Arrangements of
both types are shown in I'igs. 523,
524 and 525. These figures show
three types of oscillator-detector
arrangements. That of Fig. 523 is
most common in amateur-type
short-wave receivers at the pres-
ent time. The signal input circuit
L1C1is tuned to the incoming sig-
ual and the oscillator circuit LoCs
is tuned intermediate-frequency

wide fluctuations in oscillator out-
put, oscillator r.f. voltage is made
considerably less than the maximum limit.

The circuits of Fig. 524 are considerably less
critical in this respect, since the signal and os-
cillator voltages are applied to separate grids.
The circuit at 524-A uses a combined detector-
oscillator tube having internal electron coupling
between the two sets of elements, such a tube
being known as a pentagrid converter. Quite
high conversion efficiency can be obtained as well
as good input selectivity. The tube is not a par-
ticularly desirable one for high-frequency work
when used in this way, however, because the
output of the oscillator drops off as the frequency
is raised and because the two sections of the tube

higher. The oscillator is of the
electron-coupled type, its output
being coupled to the control grid
of the first detector through a

FIG. 521 — UNDER THE BASE OF THE THREE-TUBE RECEIVER

Resistors, by-pass condensers, chokes; all placed where most con-
venient. The only thing to keep in mind in this sub-base wiring is to
make all the r.f. grounds at one point on the chassis. The audio
caupler is mounted on the side ot the left.
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A LCo|Sts

JRIEC - or 6GA7 at high frequencies
Cs results in more uniform out-
H put over the high-frequency

runge. In the circuits of Fig.
524 the oscillator voltage is
not eritical, so long asenough
is supplied, and the grid-
current limitation of the cir-

. L]
1
-?L Ry Riz “I"Ris [ W
Rla

cuit of Fig, 523 is absent.
A third type of first-de-

sw

it

-22.5 -8
+C
FIG. 522 — FHE THREE-TUBE RECEIVER CIRCUI'T

MODIFIED FOR USE WITH TWO-VOLT FTUBES

Components have the values given in Fig. 5319 with
the following additians;: Ri1, 50.000-0lim potentiom-
eter: Rz, 5000 ohmns, I-watt rating: Rig, 10-ohm
rheostat: RECy, sume specifications as given in Fig.
JI7. R and R constitute the gain control cirewit
in the r.f. amplifier: Ri2 is used to make cortain that a
small amount of grid bias will be applied to the tuhe
cren though Ky is set at its mininnn-hias end.
Filament supply may be from an Air-Cell battery
or from two dry cells connectod in series.

To prevent B and *C*" battery discharge through
the voltage-dividers wchen the receiver is not in use,
swwitehes may be installed in series with the =~ — 225"
nnd 157 terminals,

are not well enough isolated to prevent “pull-
ing,” or the tendeney of the deteetor tuning to
affeet the oscillator frequeney. An arrangement
which overcomes these defeets is shown at Fig.
H24-13. In this cireuit the oscillator grid (No. 1

of the pentagrid converter is used as the mixing
clement, but is fed from a separate oscillator.
The better performance of the 36 or 76 tubes as
contrasted with the oscillator seetion of the 2A7

FIRST DET.
57

Ly

1 F Trans
Ls e
Amp. Amp.

+5G.  +8
(90V.) (180 T0 150v)

= 100,000
: A ll‘OI
v
= 5" F
20,0000
-8 2]

'OR
OSCILLATOR

AND

This cirenit. wchich employs capacity coupling be-
tiwceen detector and oscillator, is discussed in the
text

] Q
3v.  +615 +135 +45

tector-oscillator coupling is
given in Iig. 525. In these
diagrams the suppressor grid
of a pentode-type detector is used as the means
for introducing the oscillator voltage into the de-
tector cireuit to beat with the incoming signal.
Suppressor-grid coupling offers the same advan-
tages as the cireuit of Fig. 524-1, but usually will
require a greater oscillator voltage beeause of the
lesser control factor of the suppressor grid as com-
pared to the inner grid of a pentagrid converter
tube. The oscillator voltage is not critical, how-
ever, and does not affect the input selectivity of
the detector.

In all these circuits it is essential that the
osceillator be completely shiclded from the de-
tector. Coupling other than by the means in-
tended, espeeially between the tuned cireuits,
will result in “pulling™ and will render accurate
tuning difficult. Several types of oseillator cir-
cuits are shown for purposes of illustration; in
many cases one oscillator eircuit eun be substi-
tuted for another without affecting the funetion-
ing of the deteetor or mixing circuit, since the
two are generally entirely separate exeept for the
coupling by which the oscillator voltages is intro-
duced into the detector eircuit. In a few of the
oscillator eireuits o “tracking’ condenser is indi-
cated; it ix used when the oseillator and detector
tuning condensers are ganged for single control
tuning, its purpose being to limit the tuning
range of the oscillator so that a constant fre-
quency difference between the two cireuits will he
maintained. Its value will depend upon the fre-
quency range to he covered and upon the inter-
mediate frequency, and is usually of the order of
.001 or .002 pfd.

¢

-9

Intermediate-Frequeney Amplifiers — Beat-
Note Reception
A The intermediate-frequency amplifier (i.f.
amplifier) of a superhet ix, as mentioned, simply 2
tuned radio-frequency amplifier designed to
work at a fixed frequency, generally in the region
of 450 to 500 ke. for short-wave superhets. The
tuned circuits of i.f. amplifiers usually are built up
in pairs as transformers, consisting of o shielding
container in which the coils and condensers are
mounted. The coils are of the universal-wound or
honeycomh type and are very small in size so
that the magnetic field will be restrieted. Tuning
condensers are of the midget type and may have
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FIG. 524 — THESE FREQUENCY-CONVERTER

CIRCUITS ARE FOR USE WITH PENTAGRID
TUBES

The circuit at A shows how the tube is used
as a combined detector-oscillator. A better ar-
rangement for high-frequency work, making
use of a separate oscillator with the pentagrid
tube as detector or “mixer,” is shoun at B,

either mica or air dielectric, air-dielectric
condensers being preferable for short-wave
superhets because their capacity is practi-
cally unaffected by changes in temperature.
Such stability is of great importance in
highly selectivei.f. amplifiers or single-signal
superhets equipped with quartz crystal
filters because a slight change in tuning ca-
pacity can greatly impair the performance
of the receiver.

Intermediate frequency amplifiers us-
ually consist of two stages. With modern
tubes and transformers, two stages will give
all the gain usable, considering the noise
level, so that additional stages would have
no particular advantage. If regeneration is
introduced into the i.f. amplifier — asisdone
in the receiver to he described later—a
single stage will give enough gain for all
practical purposes.

For reception of ¢.w.signals it is necessary
to provide, at the second detector, a locally-
generated frequency which will beat with
the i.f. signal to produce an audible hetero-
dyne. This is most satisfactorily accom-
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plished by installing an oscillator which is
tunable about the intermediate frequency
over a range of a few kilocycles on either
side. The voltage from this heterodyne or
beat oscillator can be introduced into the
second detector circuit by any of the
methods shown in Figs. 523, 524 or 525, de-
pending upon the type of detector tube used.
Simple capacity coupling as given in Fig.
523 is applicable to practically any type of
detector tube. Still another method is shown
in the diagram of the regenerative single-
signal superhet to be described.

Short-Wave Converters

A Since a broadcast receiver, at the low-
frequency end of its range, tunes approxi-
mately to the frequency region most suitable
for intermediate-frequency amplifiers, it is
possible to use such a receiver as the basis
for a short-wave superhet simply by provid-
ing a first detector-oscillator combination
(ealled a converter) which can be coupled
to the antenna input terminals of the re-
ceiver. An arrangement of this kind results
in a quite satisfactory short-wave receiver,
particularly for the reception of amateur
‘phone and short-wave broadcast transmis-
sions. Any type of broadcast receiver may he
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FIG, 525—TWO WAYS IN WHICH THE OSCILLATOR
VOLTAGE CAN BE INTRODUCED INTO THE FIRST DE-
TECTOR CIRCUIT VIA THE SUPPRESSOR GRID OF TIIE

DETECTOR TUBE FOR FREQUENCY CONVERSION
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used, either tuned r.f. or superhet; the sensitivity
will be as good as that of the receiver itself, and
the quality of reproduction also will be the
same.

A practical converter using the pentagrid cir-

tracking is obtained without adding separate
series (tracking) condensers for each oscillator
coil. Single-control band-spread tuning in suitable
slices anywhere in the 1400 to 19,000 ke. total
range obtained with the five sets of coils is pro-

cuit is shown in Figs. 526-528, inclusive.

The circuit of the converter, shown in
Fig. 529, islittle different from Fig. 524-A
except for the i.f. output. To provide a
favorable coupling between the conver-
ter’s high-impedance plate circuit and the
low-impedance antenna input circuit of
the b.c. receiver, a step-down transformer
is used. This transformer has a tuned
primary and a smaller untuned secondary
that is tightly coupled to the primary, so
that the secondary and antenna coil of the
b.c. receiver provide a low-impedance
link coupling of good efficiency and small
pick-up between the converter and the
receiver with which it is used.

The high-frequency input and oscilla-
tor circuits have been designed to make
use of standard short-wave plug-in coils,
thereby simplifying construction for the
many builders who already have such
coils on hand. The coils used in this in-
stance are from a National SW3 (the
same as used also in the SW5 and SW45).
To give suitable tracking of oscillator and
first-detector tuning a few grid turns are

vided by the two-section midget gang condenser

FIG. 527 — TOP VIEW OF THE SINGLE-TUBE
FREQUENCY CONVERTER

Tube and coil shields are remored showing the simplicity of
the top section which is practically deroid of wiring. The de-
tector padding condenser is at the left with band-spread con-
denser in the middle and oscillator padding condenser at the
right. The tube is directly in back of the band-spread con-
denser. The supply cahle at the rear contains four wires for
heater and plate supplies.

IIGH-

removed from some of the oscillator

coils, and to give adequate oscillator feedback
a few turns are added to the oscillator tickler
windings, as explained later. With the tank-
condenser system of tuning used, satisfactory

FIG 526 — A SINGLE-TUBE CONVERTER, USING
A PENTAGRID TUBE, WHICII CAN BE USED IN
CONJUNCTION WITH A BROADCAST RECEIVER
TO MAKE A SENSITIVE SHORT-WAVE SUPERHET

having the separate 100-uufd. midgets as “pad-
ders” in parallel.

The first step in construction is to pick out some
aluminum sheets for the panel and base. One
piece 7 by 9 inches serves for the panel and a
piece 8 by 9 inches is for the base. The hase piece
is bent at the rear to form an inverted “L.,” the
2-inch lip leaving the horizontal base 6 by 7
inches. Quarter-inch brass rod drilled and tapped
for 6-32 machine screws serves to hold the hase
rigidly against the panel. Parts are then placed
on the base, starting with the split-stator tuning
condenser centered and flanked on either side by
detector and oscillator cireuit padding condens-
ers. These condensers are fastened to the base,
the two padding condensers being of the single-
hole mounting type so that they act as further
support for the panel. The dial used to tune the
main condenser is a Type I3 National which pro-
vides a bearing and support for the condenser
shaft. Directly in back of the band-spread con-
denser a hole is cut or punched for the sub-panel
tube socket. Euach coil mounting is placed over
the base of its coil shield, the coil assemblies heing
mounted one either side of the tube and directly
behind their respective padding condensers. Next
comes the mounting of the resistors and con-
densers under the base of the converter. A fiber
angle is used to anchor many of the terminals in
this case. Exact placement is not important, al-
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though the desirability of short leads should be
kept in mind.

All leads are run according to the axiom, “‘a
straight line is the shortest path between two
points.” Soldering lugs under several of the serew
heads serve as grounds in convenient places. The
tube socket terminals should be marked
in pencil before much wiring is done, a
bottom plan of the Type 'A7 connections
being shown with the diagram of Fig. 529.

In thei.f. output transformer, the plate
coil is a standard universal-wound i.f. coil
of inductance between 1 and 1.2 milli-
henry. The secondary or output coil is of
the same size with half of its turns re-
moved. The two coils are jammed to-
gether on a wooden dowel and mounted
inside a cut-down tube shield so that there
is a clearance of about $4-inch on all sides.
The shielded “walnut’’ condenser tunes
the primary to approximately 600 ke.

As previously mentioned, standard
manufactured coils are used because of
their wide availability, although similar
coils can be made up by the constructor. The
detector coils need no alterations, the green wind-
ing of a few turns in the slot being used for the
antenna coil, L, and the original grid winding,
which is the main winding of solid wire, is used
for L,. The interwound primary is not used. In
all cases it was found advisable to add a few turns
of No. 30 d.s.c. wire to the oscillator tickler, Lj.
This corresponds to L on the detector coil and is
wound in the slot at the bottom of the form. The
table shows the correct number of turns for each
set, of coils.

FIG. 528 — BOTTOM VIEW SHOWING THE
RESISTORS AND FIXED CONDENSERS

The binding posts at the left are for antenna and
ground; those at the right being the converter output
posts. The shielded mounting for the plate circuit
transformer is shown in the center, with its midget
condenser at the left.

Connections
(from Bottem) H H

On the lower frequency bands, L3, the main
winding on the oscillator coil which corresponds
to L; on the detector coil, should be modified.
This is done not as an absolute necessity but
facilitates tuning and allows complete coverage on
any set of coils. Coil set No. 1 (with black mark-
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F1G. 529 — CIRCUIT DIAGRAM OF THE ONE-TUBE
CONYERTER

L1, L2, L3 and Ls — Detector and oscillator coils. See
tableand text.

Ls — 1.2-niillihenry i.f. transformer winding (465- or
500-kc. type).

Lo — Same as above with approximately half the turns
removed.

Ls and Leé coupled as closely as possible. See text.

C1 — Two-section midget tuning condenser, 35-ppfd.
per section (Hammarlund MCD-35-X).

C2 — Padding condensers, 100-ppfd. midgets (Ham-
marlund MC-100-M).

Ca— Lf. tuning condenser, 100-ppfd. shielded midget
(National W-100).

Cy — 250-ppfd. mica (grid condenser).

Cs — 0.1-pfd. paper (by-pass condensers).

R1 — 250- or 300-ohm I-watt (cathode resistor).

R2 — 25,000-ohm I-watt (oscillator grid leak).

Ra — 25,000-0hn 1-watt (screen-grid series resistor).

R1— 60,000-ohm I-watt (oscillator plate series resis-
tor).

Rs — 10,000-ohm I-watt (voltage divider resistor).

Re — 60,000-ohm I-watt (voltage divider resistor).

Oscillator and detector coil shields are Natianal Type
B30, 3-inch diameter. The i.f. transformer
shield is a cut-down National TS tube shield
(IVe-inch length, 2-inch diameter).

COIL I)A TA

I
Detector | Oscillator
\ Coil Coil Wire
Coil No. | Band Coverage | Size*
|
l Ly ‘ Ls L Ly
1—Black | 19,000-11,250 6% | 3 (3714 5| 16
2—Red 12,500~ 7,000 | 12 4|12 7| 18
3—White | 7,500~ 4,100 | 19 3|15 8| 18
4—Green 4,200~ 2,400 | 35 4|27 12 | 24
5—Blue 2,500~ 1,400 | 62 4 | 50 24 | 28
| |

* Refers to Ly and Li. Ly and Ly are all wound with No.
30 d.c.c. wire. Complete windings of Li‘and L3 occupy 134
inches on the forms.
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ing) tracks over the entire range and the only
change is the addition of 3 turns on the oscillator
tickler coil, L,. Oscillator coil No. 2 (red) has 5
turns added to L,. Two turns are removed from
L; on the No. 3 set of coils and seven turns added
to L,. The oscillator coil of the No. 4 set has 6
turns removed from L; and 14 turns added to L.
The last set, No. 5, has 10 turns removed from L,
and 20 turns added to L, on the oscillator coil.
After these changes are made the two padding
condensers should track evenly over the entire
range of each coil set.

After a final check in wiring, the converter is
ready for work. It should be placed close to the
intermediate-frequency amplifier or broadeast
set with which it is to be used so that the leads
will be short and direct. Disconnect the antenna
and ground from the broadeast set and connect to
the proper terminals on the converter. Then run a
short twisted pair of wires from the converter
output to the antenna and ground posts on the
broadeast set, making sure that the grounded
side of the converter output connects to the
receiver ground terminal.

The broadeast-receiver dial should be set at
about 600 ke. With the gain control advanced
fairly well and with the converter turned on its
side, the shielded midget condenser is adjusted to
tune the converter output circuit to the frequency
of the receiver. This is done with any set of coils
in place, making sure the coils are in their proper
sockets, the detector coil at the left and oscillator
coil at the right. As the i.f. tuning approaches
resonance, the background noise will rise until
there is a definite peak, either of background hiss
alone or of signal if the converter happens to be
tuned on a signal. This adjustment is permanent
providing the receiver frequency is not changed.

If the oscillator coils have been pared as given
in the table, the detector padding condenser will
track at least approximately with the oscillator
padding condenser over the entire range of each
set of coils. The band setting is done with the
right hand or oscillator padding condenser and
the detector condenser is tuned to resonance
(same setting on the knob as its twin) and all
tuning done with the main dial or band-spread
condenser.

Single-Signal Selectivity

A In c.w. reception with an autodyne receiver
two beat notes are heard as the oscillating re-
ceiver is tuned through the incoming signal, one
on the high-frequency side and one on the low-
frequency side. The same thing occurs with a
superhet in which the beat oscillator is tuned
nearly or exactly to the same frequency as that of
the if. amplifier, assuming that the selectivity
of the i.f. amplifier is normal ~— that is, designed
to pass a band of frequencies about 5 to 10 ke.
wide for the reception of voice or musie. Therefore
there are actually two audible signals, each

capable of causing interference, because of the
method of reception, although only one signal is
transmitted.

The second beat note or “other side of zero
beat” is eliminated in the single-signal superhet.
This type of receiver resembles the standard
superheterodyne, but has in addition to the con-
ventional tuned r.f. circuits a eircuit in which
extremely high selectivity is obtained either by
means of a quartz-crystal (piezo-electric) filter or
by regeneration. A separate beat oscillator, tuned
to a frequency suitably different from the i.f.
peak, gives the audio beat note for ¢.w. reception.
Beeause of the high selectivity the signal response
drops to a negligible value when the tuning is
more than a few hundred cycles off resonance,
therefore the tuning controls must be set exactly
to resonance. The audible response also is greatest
at this point, since the beat oscillator is “offset”
from the i.f. peak by a frequency ditference which
gives a suitable heterodyne. The practical result
is that only one beat note is heard for each signal;
the “other side of zero beat” has but a very small
fraction of the strength of the main signal. The
extreme selectivity also reduces noise and other
types of interference.

The single-signal superhet should be provided
with a means for varying the selectivity so that
the receiver will be made suitable for the recep-
tion of voice as well as c.w. telegraph signals,
since a wider band must be passed for faithful
reproduction of voice modulation. This provision
is made in the selective systems to be described.

Image Interference

A The tuning of the first detector grid circuit is
especially important in the minimizing of high-
frequency image interference, a type of interfer-
ence peculiar to superhet receivers, This inter-
ference results when signals twice intermediate
frequency removed from the desired signal get
through to beat with the high-frequency oscillator
signal in the first detector and occurs because
there is insufficient selectivity ahead of the first
detector to discriminate against them. It is
aggravated when the first detector circuit is
off-tune for the desired signal frequency. The
first detector therefore should be tuned as pre-
cisely as possible to the desired-signal frequency.

For further improvement in signal-image re-
sponse ratio, a tuned r.f. stage, exactly like that
shown earlier in the chapter and having a tuned
cireuit identical with that of the first detector, can
be added ahead of the first detector. Images also
can be reduced by using a simple wave-trap, of
the type described in Chapter Eleven, tuned to
the image frequency (1000 ke. above signal fre-
quency) and connected in the antenna lead as
closely as possible to the receiver’s antenna
terminal.

The most satisfactory method of reducing
image interference is by the use of the tuned r.f.
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or preselector stage, since it not only improves the
selectivity but also adds to the gain of the re-
ceiver. The regenerative single-signal super now
to be described is equipped with a preseleetor
stage. Its design is representative.

A Regenerative Single-Signal Receiver

A The six-tube regcnerative single-signal super-
heterodyne shown in Figs. 501, 530 and 532isillus-
trative of the design and construction of modern
amateur high-frequency superhets. It has a pre-
selector stage, first detector with separate oscil-
lator, a single stage of high-gain regenerative i.{.,
power second detector, and scparate heat
oscillator,

The photographs show the general arrange-
ment and Fig. 531 gives the wiring diagram, The
left-hand shield in Fig. 501 contains the high-
frequency oscillator. Directly behind the drum
dial is the 2A5 seeond detector. In the center
compartment is the first detector and its tuning
circuits, with the oscillator coupling condenser,
while in the right-hand compartment is the r.{.
preselector-amplifier.

On the back deck, at the extreme left, is the
c.w. beat oscillator coil and condenser unit, 75,
with the beat control knob projecting at the top.
Next is the c.w. beat oscillator tube. The center
can contains the i.f. transformer assembly, 7T,
with the i.f. amplifier tube to its right. At the
extreme right is the regenerative i.f. transformer
assembly, 7'\

Looking at the front of the panel, the upper row
of knobs are, left to right: h.f. oscillator tank, ('s;
first detector tank, ('y, and r.f. tuning condenscr,
(';. At the bottom of the panel, the left-hand
switch, SW,, controls the high voltage supply to
the rceeiver. Next is the ¢.w. beat oscillator “on-
off”’ switch, SW,, cutting the

Once the tank condensers have been set for a
given band, the selectivity adjusted to the de-
sired degree, and the c.w. beat note fixed, the
reeciver is in effeet single-dial tuning with
operating controls for volume, frequency and
c.w. note convenient for one position of the
hand.

The structural part of the receiver is all of
sheet aluminum. The chassis or main deck is
made from a pieec of 34,-inch aluminum 21
inches by 12 inches. IFrom two corners on one
long side of this picce, 2-inch squares are cut out
and then three sides are hent down at right
angles so as to form the sides and back of a deck
17 by 10 inches and 2 inches high.

All of the inter-stage box shields are cut from
Y{¢-inch aluminum. The six sides are 7 inches
long by 434 inches high, while the three ends are
414 inehes wide by 434 inches high. The shields
arc held together at the corners by Y4-inch square
brass rods drilled and tapped for 84, machine
screws. The corner posts are fastened to the main
deck by serews into their lower ends.

The front panel is of Yg-inch thick aluminum,
18 inehes long by 7 inches high. Tt is fastened by
screws to the front posts of the shield boxes.
A cover fitting over all the shields is a sheet of
14{s-inch aluminum 16 inches by 7 inches held in
place by flat springs on its under side, pressing
against the sides of the shield boxes.

The Isolantite five-prong coil sockcts are
mounted above-deck on pillars long enough to
clear the contacts. Similar tube sockets (six-
prong) are mounted below the base under their
1V4-inch holes. With this arrangement a mini-
mum of wires need pass through the base. Com-
plete tube shiclds are provided for all tubes. A
14-inch length of lg-inch rubber tubing slipped

screcn voltage. The knob below
the illuminated dial is the main
tuning control operating the
ganged condensers (; and (', with
the gain control, R; next. The
knob at the right operates the i.f.
selectivity control, the regenera-
tion attenuator Rg.

Doublet antenna connections
are made to insulated binding
posts on the outside shield of the
r.f. stage, with the ground binding
post nearby on the main deck.
With a conventional single-wire
antenna connected to one insu-
lated post, the other is connected
to ground. Of course the doublet
antenna should be used if possible,
since it makes possible consider-
able additional gain.

Insulated’phonetipjacksonthe
left end of the chassis provide con-
nections for "phones and speaker.

FIG.

530— A RFAR VIEW OF THE REGENERATIVE SINGLE-
SIGNAL SUPERHETEROD YNE

This supplements the front view of Fig. 501 and shows more clearly
the construction of the intermediate-frequency amplifier.
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over each grid wire, before soldering on the grid
clip and afterwards pushed up on the clip, pre-
vents any possible grounding of the grid on the
grid-eap shield.

The National 500-ke. i.f. transformers each
require minor alterations to adapt them to the
circuit, and they should be removed from their
cans for this purpose. The first operation is on the
regenerative i.f. transformer, 7T,.

C.W.BEAT OSC

As supplied, the grid coil, Ly, is at the upper
end of the dowel, nearest the condensers, and the
plate coil at the bottom. In order to couple the
tickler coil, Ls, to the grid coil, the external con-
nections from the unit 7', must be changed so
that the grid coil is the lower one. This means
that one of the wires that normally passes out
through the bottom of the can should be brought
out the top through a piece of shield braid; and
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FIG. 331 — CIRCUIT OF THE SIX-TUBE REGENERATIVE S$.S. RECEIVER

Dotted lines indicate shielded leads.

Ly, L2, L3, Ly and Ls — See coil table.

Le and Li — 500-kc. i.f. transformer windings.

Ls — See text.

Ly — 500-ke. beat oscillator coil. (See text.)

C) — 140-ppfd. midget condenser (Hammarlund MC-
140M).

C2, C3 — 25-ppfd. midget condenser (National SE-50 cut
down to 3 stator plates).

Csy, C5— 100-ppfd. midget condensers (Hammarlund
MC-100)M).

Ce — 70-pufd. midget condenser (in Nationali.f. units).

C7; — Il.f. oscillator coupling condenser. (See text.)

Cs — 0.01-pfd. r.f. by-pass condensers, tubular paper.

Co and Cro— 250-ppfd. mica grid condensers.

Ci1 — I-pfd. audio by-pass and coupling condensers.

Ci2 — 250-ppfd. plate by-pass condensers, tubular paper.

Ri1 — 50,000-0hm I-watt oscillator grid leak.

R2 — 5,000-0hn 1-watt first detector cathode resistor.

R3 — 12,000-ohm variable resistor, right-hand taper
(Electrad).

R4 — 100,000.0hm I-watt.

Rs — 10,000-0hm 5-watt,

Res — 7,000-0hm 2-watt.

R; — 3,000-0hm 2-watt.

Rs — 50,000-0hm I-watt.

Ro— 2,000-0hm variable resistor,
(Electrad).

Rio — 300-ohm I-watt (i.f. amplifier cathode resistor).

Riy — 50,000-0hm I-watt.

Riz — I-megohm V-watt second detector grid leak.

Ri13 — 50,000-0hm Vs-watt beat oscillator grid leak
(Integral with National oscillator unit).

Ris — 2,500-0hmn 2-watt,

Ri5 — 50,000-0hm 2-watt.

Ri¢ — 25,000-0hin 5-watt.

R17 — 20-0hm center-tap resistor (in poicer supply).

Ris— 50,000-0hm I-watt.

Ri9— 300-0hm I-watt r.f. cathode resistor.

Ty and T2 — National 500-kc. air-tunedi.f. transform-
ers. (See text.)

T3 — National 500-kc. beat oscillator assembly.

T+ — Universal push-pull output transformer (Ken-
yon).

RFC) — 2V,-mbh. sectional choke (National No. 100).

RFCz — 10-mh. single-section universal wound r.f.
choke.

RFC3— 60-mh. single-section universal wound r.f.
choke.

SWiand SW2 — Single-pole panel swcitches.

left-hand taper
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the wire originally at the top is brought out
through the bottom.

A one-inch length of }4-inch dowel is fastened
by means of a wood screw to the end of the dowel
carrying the coils in the unit. At the lower end of
the new dowel, the tickler Lg is bunch-wound
with 25 turns of No. 30 d.s.c. wire. If this tickler
is wound in the same direction as the other coils,
the final connections from 7', are as follows: In-
side end of upper or plate coil Ls to B+, outside
to first detector plate through shield braid; inside
end of middle or grid coil L7 to ground, outside
through shield braid from top of can to grid cap of
i.f. amplifier; inside end of lower or tickler coil Lg
to i.f. suppressor, outside end through shielded
lead to i.f. eathode. If the i.f. circuit cannot be
made to oscillate with Rg in the maximum resist-
ance position or disconnected, then the tickler
connections should be reversed at the coil ter-
minals. If oscillation should fail with the tickler
connected either way, the number of tickler turns
should be increased a few at a time until oscilla-
tion is obtainable.

For T, the connection out of the top of the
shield is removed and brought down inside to the
detector grid condenser and leak which are placed
within the can. Plate and grid leads from 7’; also
should be shielded with flexible copper braid.

In the beat oscillator unit the grid condenser
and leak are also mounted within the can. The
only other operation required is to shield the
grid lead from the top of the can to the oscillator
tube.

High-Frequency Circuits
A The high-frequency oscillator coupling con-
denser C) is made of two brass angles, having

faces about 34 by 3% inch, mounted on a small
piece of bakelite in the detector

The power supply leads are brought in through
a flexible cable in the rear. The B4 voltage is
conveniently distributed from a terminal strip
attached to SWs. Although only four wires are
essential to the power supply cable, cables with
four wires having two which are of suitably low
resistance for heater currents are not readily
available. Accordingly, a standard 8-wire cable is
used with three wires in parallel for each of the
heater leads. By this means the filament voltage
drop from power supply to set is kept to a value of
less than 0.1 volt. Care must be taken, however,
that all the paralleled wircs are securely soldercd
to the terminal plug at the supply end of the cable.

The power supply may be of the type described
in Chapter Ten. The filament winding of 2.5 volts
should be capable of delivering the 8 amperes
necessary for the tubes and dial light. High volt-
age under 50-ma. load should be approximately
180 volts.

To align the i.f. amplifier, set the selectivity
control at minimurmn selectivity, and apply a 500-
ke. signal to the grid of the i.f. tube. The second
i.f. transformer is then adjusted to resonance as
indicated by maximum second-detector output,
an insulated socket wrench being used to tune the
condensers Cgat the top of the can. The oscillator
is then coupled to the first detector grid and the
same procedure is used to tune the first i.f. trans-
former. The beat oscillator may be isolated from
the second-detector circuit and used as a signal
source, but preferably a separate test oscillator
should be used. If a modulated signal is used, the
output can be judged by ear. For an unmodulated
signal a 0-50 milliammeter should be placed in
the plate circuit of the second detector, when
resonance will be indicated by plate current dip
to minimum,

compartment with the faces
spaced 14 inch. The connection
from the plate of the h.f. oscillator
to C;is in shielded braid but may
be left unshielded.

The coils are wound on National
5-prong forms according to speci-
fications given in the table. No
attempt has been made to make
the tuned circuits track exactly.
The over-all gain of the receiver
is high enough so that, by judi-
cious use of the gain control, c.w.
reception is possible throughout
an entire amateur band without
touching the tank econdensers.
Better tracking can be secured
easily by removing a few turns of
wire from the oscillator coils Ls.
A further refinement would be to
gang an additional condenser,
similar to C3 and Cj, for the r.f.
amplifier.

FIG. 332 — A BOTTOM VIEW OF TIIE SIX-TUBE SUPERHET

By-pass condensers and resistors are placed in the most convenient
locations. The detector output transformer is mounted on the side
wall of the chassis, and can be seen in the lower right-hand corner.
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After aligning the i.f., the high-frequency cir-
cuits are aligned, using an oscillator or frequency
meter giving a signal in an amateur band. The
three condensers Cy, Cz and C; will have nearly
the same settings, although the oscillator (heing
tuned 500 ke. higher than the detector) will have
a somewhat lower capacity setting.

When everything is aligned the c.w. beat os-
cillator should be set so as so give about a 1000-

HIGH-FREQUENCY COII DATA

Tap on L¢—|
Bc}nd Iy L L, ;4‘4 and Lj Turns from
Ke. Turns| Turns urns Ground End
1,750 10 30 (55, No. 28 d.c.c.! 18
3,500 6 20 |28, No. 20 d.c.c.! 9
7,000 5 9 |11, No. 18 enamn.? 3
14,000 5 5 5, No. 18 enam.? 2
1 Close-wound.
2 Spaced to make coil length 114 inches.
Ly and L all close-wound with No. 36 d.s.c., spaced

L4-inch from Ls or L«. Forms are National R-39, five-
prong.

cycle tone when heterodyning a signal tuned in
““on the nose.” Then the selectivity control should
be brought up to just below oscillation, as indi-
cated by the “ringing’’ sound. The signal will in-
crease in intensity and, with tuning through zero
heat, the audio image or “other side of zero beat”
should be hardly audible. Careful manipulation
of the alignment adjustments will bring out this
desired single-signal feature to its fullest.

The value of the tickler Lg has intentionally
been left so that oscillation in the i.f. circuits can
occur with the control resistor Ry almost, but not
quite, at its point of highest resistance. The
receiver never should be operated with the i.f.
self-oscillating.

Quartz Crystal I, F. Filters

A As has been mentioned previously, high i.f.
selectivity can be obtained by the use of a quartz
crystal filter and such filters are used in a number
of s.s. receivers, some of commercial manufacture.
When connected in a suitable series circuit, a
quartz crystal having a resonant frequency cor-
responding to the receiver’s intermediate fre-
quency is capable of several hundred times the
selectivity obtainable in the usual transformer-
coupled i.f. amplifier. The selectivity obtainable
is, in fact, considerably greater than is practicable
for some types of communication, especially
’phone, unless means for modifying it are pro-
vided. Such provision is made in the variable-
selectivity filter developed by J. J. Lamb and
described in several QST articles (August, 1932;
March, June and November, 1933).

As shown in the filter portion of the diagram of
Fig. 533, the variable parallel impedance of the
input transformer secondary in series with the
crystal (which is equivalent to a high-Q electrical

circuit) effects variation in the effective resist-
ance in the crystal circuit, thereby varying the
selectivity in accordance with the principles of
resonant circuits discussed in Chapter Four.
The applied voltage is proportional to the parallel
impedance, increasing as the effective resistance
increases, so that the effective sensitivity of the
receiver for a single-frequency signal is but little
affected over a selectivity (band-width) range of
approximately 10 to 1. Minimum selectivity oc-
curs with the parallel circuit turned to resonance,
when it is purely resistive, and maximum selec-
tivity when the parallel circuit is tuned to be
considerably reactive. The crystal is connected
in a bridge circuit to provide counter voltage of
controllable phase, through an adjustable con-
denser, so as to modify the resonance curve and
shift the anti-resonant frequency of the erystal,
thus giving particular rejection for an unwanted
signal (of a frequency from several kilocycles
above to several kilocycles below the crystal’s
resonant frequency), in addition to the sharply
peaked response given for the desired signal.

In Fig. 533 the output transformer of the filter
consists of the tuned circuit C;L, closely coupled
to the untuned coil Ls, which has but a fraction
of the turns on L,. The purpose of this is to pro-
vide an impedance transformation suitable to
match the crystal impedance to the grid circuit
of the following amplifier and thus improve the
efficiency of the filter.

Automatie Gain Control

A With the wide variation in signal strength and
severe fading encountered in high-frequency re-
ception there is considerable advantage in auto-
matic gain (or volume) control in the receiver,
with the receiver gain governed by the strength
of the received signal. Such a system is applicable
for 'phone reception, with a continuous carrier,
but is not useful for amateur c.w. reception
where the carrier is intermittent. Although there
is a wide variety of a.g.c. systems, all operate on
the same principle; namely, that rectified and
filtered carrier voltage is used to provide propor-
tionately varying bias for the r.f. amplifier tubes
of the receiver. This bias may be obtained from
the detector circuit (QST, November, 1933),
from a separate tube having its grid excited by
r.f. bled off from the second-detector input, or by
the use of a multi-purpose tube designed for a.g.c.
work.

A typical circuit of the latter type applied to a
superheterodyne receiver is shown in Fig. 534.
It uses a 2B7 or 6B7 tube, a type which includes
an r.f. pentode amplifier and two separate diode
rectifiers in one bulb. One of the rectifiers is used
as the second detector and is coupled to the
audio amplifier through the medium of the po-
tentiometer R;, which also serves as a volume
control. The other diode rectifier provides the
rectified voltage for the control of bias on the r.f.
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amplifier stages in the receiver. Only the parts
of the receiver circuit essential to the a.g.c. oper-
ation are shown; dotted lines in the r.f. grid
circuits indicate that the control voltage is to be
fed through whatever apparatus is in the grid
circuit so that it reaches the grids of the tubes.
The resistors marked R, and the switch S, are
provided so that the time constant of the a.g.c.
circuit can be varied to take care of different
types of fading. A slow time constant (more re-
sistance at R;) is best for slow fading such as is
encountered in the broadcast band; a lower time
constant (low resistance or none at all at R,) will
handle the rapid fading characteristic of high-
frequency reception. A too-small time constant
cannot be used because the a.g.c. will then tend
to operate on the carrier variations caused by the
intended modulation, with the result that the
quality of reproduction will be impaired.

Since a diode rectifier consumes power from its
source of excitation, it would reduce the gain
of the amplifier preceding it and broaden the
resonance curve if coupled directly to the stage
which ordinarily precedes the detector. For this
reason the pentode section of the 'B7 tube is used
as an additional i.f. stage in the diagram shown.
The additional amplification compensates for
the loss which would be incurred if the diode
were coupled directly to the second i.f. stage, and
the selectivity is likewise left undisturbed.

Trouble Shooting

A The most useful instruments for locating faults
in a defective receiver are a multi-range ohmmeter
and a high-resistance d.c. voltmeter. A simple
combination ohmmeter and

As a four-range d.c. voltmeter it has a charac-
teristic resistance of 1000 ohms per volt, with
full-scale reading (1 ma.) on each range corre-
sponding to the maximum voltage specified for
that range, lesser voltages on each range being in
direct proportion to the scale reading 809
maximum voltage at 0.8 ma., 509, at 0.5 ma,,
ete.).

Lacking such an instrument, rough checks for
circuit continuity (indicated by audible clicks)
can be made with a pair of 'phones and a “B”-
battery in series, connected across the circuit
under check; or with a low-range d.c. voltmeter
and battery in series. An a.c. voltmeter should be
used for checking the line and filament voltages
in a.c. operated sets.

If the tubes do not light, check the filament
supply (transformer or battery) and connections.
Zero voltage across the primary will result with a
blown fuse in the primary of an a.c. supply.
Check the voltage at the socket terminals of a
single tube that fails to light when others come
on. If voltage checks OK, the tube may be burned
out or there may be a defective contact in the
socket.

Unreasonable hum in an a.c. receiver usually
indicates either an open filament center-tap re-
sistor or a tube with low resistance (leakage)
hetween heater and cathode. Such a tube should
be replaced. Less likely causes of excessive hum
are an open filter or by-pass condenser in the
supply circuits, or a defective rectifier tube. An
open receiving tube grid circuit also may cause
bad hum, usually accompanied by low output
and serious distortion. Periodic clicking accom-

d.c. voltmeter suitable for gen- outpuT DA INPUT
eral receiver testing is dia- 7o Gridof N =% Contro? TN ;

Q = 1tlF yd I [ 2 \ 7o Frst,
grammed in Fig. 535. As an 4mp. i LY \ \_L ] o Det. Plote
ohmmeter it consists of the 0-1 i =] == 'y

s 1 | T oSw c | o
d.c. milliammeter, 3-volt bat- ! AR 1) i
tery, fuse and 2800-ohm resis- : Cy i ] = )
tor in series. The ends of the ] : TE‘ 1 !
leads are tapped across the l L) ! lds
circuit whose resistance is to I | S T
be checked. It is essentially a L| Rejection

Ce Contro/

3-volt voltmeter, giving full-
scale reading when the ter-
minals are shorted with the
3-volt battery in series. It can
be used for fairly accurate
measurement of resistances
between the values given in
the calibration table, which
calibration can be plotted on
graph paper. The ohmmeter
should never be connected
across a circuit in which cur-
rent is flowing; that is, the
receiver power should be
turned off when resistance
measurements are made.

Ly — 5.5-mh. unive

wound.

section.

are in separate shie

%REC.

-C +8

FIG. 533 — VARIABLE-SELECTIVITY FILTER WITH IMIEDANCE-

MATCHING OUTPUT TRANSFORMER

rsal-wound primary.

L2 — 1.5-mh. universal-wound secondary, close-coupled to L.
Ly — Low-impedance output primary, approximately 300-uh., universal

Ls— 1.5-mh. universal-wound secondary, close-coupled to L3.
C) — Balanced input tuning condenser (selectivity control), 140-pufd. per

C2 — Phasing condenser (rejection control), 10- or 15-ppfd. max.
(3 — Output secondary tuning condenser, 75-pufd., midget.
C4 — R.f. by-pass condensers, 0.01-ufd. or larger.
The crystal resonant frequency isapproximately 525 kc., which isalso the
intermediate frequency of thereceiver. The input and ontput transformers

Ids.
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panied by poor sensitivity in a regenerative re-
ceiver may indicate an open detector grid leak or
one of excessively high resistance. Replace the
leak, using one of lower resistance if necessary.

If the filaments light but there is no output
(set ““dead”), first check the B-supply voltage
and connections to the output stage. Even with
no signal coming through there should be strong
clicks when the headset or speaker is connected
and disconnected. If the output circuit checks
OK, clip a pair of 'phones across the output of
each preceding audio stage, including the detec-
tor, until the signal is picked up, thus locating the
circuit in which the fault lies. Check the tube,
resistors, bypass and coupling condensers, etc..
in the defective stage, both for shorts and opens,
using an ohinmeter or its equivalent.

If strong clicks result when the grid of the
detector is touched, but there is no signal or only
very weak signal output, it is likely that the fault
is in a r.f. circuit ahead of the detector. Check
the r.f. tube or tubes and the plate circuits of
preceding stages for opens and shorts. An open
secondary circuit or grid coil may cause periodic

clicking like that resulting from a defective de-
tector grid leak, in which case the grid circuit
should be tested for open circuit with an ohm-
mecter or 'phones and battery. If a circuit should
test neither shorted nor open but does not
“tune,” look for a defective connection between
coil and tuning condenser.

Noticeably weak signal response will result
with an open antenna coupling coil or open con-
nection in the antenna-ground circuit. A shorted
grid condenser, either in a detector circuit or an
r.f. amplifier using capacitive coupling, will have
the same effect. This may be checked by remov-
ing the grid resistor, which should cause the peri-
odic clicking sound in the output. Shorts of this
kind can be caused by a blown condenser or by
soldering paste smeared between the terminals.
Needless to say all soldered connections should
be thoroughly wiped with a clean cloth to prevent
such leakages.

A regenerative receiver may ‘“howl” just as
the detector starts to oscillate. This “fringe
howl” is most likely to result with transformer
or impedance-coupled detector output and the

7o C.w.
Osc. Plete
580r78 580r18 580r78 SBor 18 287 or 687
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FIG. 534 — AN ILLUSTRATIVE ADAPTATION OF THE -B7 TYPE TUBE AS A COMBINED L.F. AMPLIFIER
DIODE DETECTOR AND SEPARATE DIODE A.G.C. RECTIFIER REPLACING THE USUAL TRIODE OR
SCREEN-GRID SECOND DETECTOR OF A TYPICAL SUPERHET

In thisarrangement ther.f. voltage applied to the diode circuits is taken off across the plate choke of the -B7.

Circuit constants are usual except as specified belorw.
R1— 2.0-megohm unshielded manual volume control.

See text.
R2 — 3.0-megohm Y,-watt, each.
R3 — 0.5-megohm Y;-watt.
Ry — 4.0-megohm V;-watt.
Rs — 10.0-megohm Vo-watt.
Re — 50,000-0hm Vg-watt.
R7 — 0.25-megohm V4-watt.
Rs— 0.25-megohm V,-watt.
Ry — 100-0hm V,;-watt.
R10— Manual gain control, 1,000 ohms (approx.).
Ri2 — 500-0hm Vj-watt.
R4 — 400-0hm 2.0-watt.
Ri15 — 60,000-0hm I1-watt.
C1 — 50-pufd. mica.
C2 — 100-pufd. each mica.

C3 — 250-pufd. to 50-pufd. mica.

C4, C5, Cg — 0.002-ufd. above 1500 kc., 0.005-ufd. below
1500 kc., 600-volt mica.

C1—0.5-ufd. 200-volt.

Cro—0.1-ufd. or less, 200-volt (see text).

C12 — 10.0-ufd. 50-volt electrolytic.

Ci13 — 0.1-pfd. 600-volt.

C14 — 0.01-pfd. mica.

C15 — 250-pufd. mica (if used).

RFC— 10- to 30-mh. r.f. chokes.

SW1 — S.p. cathode resistor shorting switch. See text.

SW2 — A.g.c. on-off switch.

SW3 — Audio tone control (Phone-c.w.).

SWi— A.g.c. time constant control.

T1 — Standard i.f. transformer.

T3 — Audio output transformer.
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best precaution against it is to use an audio trans-
former or choke of the better grade rather than
one of the chexaper type with inadequate primary
windings. If it does occur with the transformer
that must be used, however, it can be reduced or
eliminated by connecting a resistor across the
secondary of the audio transformer. In most cases
a resistance of 100,000 ohms will be sufliciently
low. A grid leak of lower value also may help in
some cases. These expedicnts reduce the receiver
output, of course, and must be considered as less
desirable than the substitution of an audio
coupler having better characteristics.

“Stringy quality” or poor base-note response
usually can be traced to an open or inadequate
bypass capacitance in a detector or audio ampli-
fier circuit. Too-small capaeitance across a
cathode resistor is a common source. An open or
too-small grid condenser in a grid-leak deteetor
also may he the cause of this trouble.

Servicing Superheterodyne Receivers
A In addition to the general receiver servieing
suggestions given in the preceding section, there
are a few others for troubles peculiar to superhet
type receivers. Generally poor performance,
charaeterized by broad tuning and poor scnsi-
tivity, calls for checking of the eireuit tuning and
alignment as previously deseribed in connection
with the adjustment of the five-tube receiver.

7000 2800  FUSE Svolts
Ohms  orms o %
—l|l|'—o .
o lo

27,000
Ohms

400,000 90000
onms ohms

+300V. +i100v. +10v +3v
Je——————D.C.VOLTMETER ————»

FIG. 535 — A COMBINATION OHMMETER AND D.C.
VOLTMETER SUITABLE FOR RECEIVER TESTING

It may be assembled on a bakelite panel in an in-
strument case, The 0-1 ma. d.c. milliammeter should
be of the low-resistance type. Tiwo flash-light cells in
series serve as the battery. The resistors preferably
should be *“‘precision’ type, A 1/100-amp. low-rvoltage
tvpe Littelfuse should be connected as shown. If it is
omitted, the 2800-ohin resistor should be replaced by
oneof 3000ohins. Theapproximateohmumneter calibra-
tion is as follows:

Meter Scale (Ma.) Ohins Meter Scale (Ma.) Ohms
1.0 0 305 5000

.96 100 .30 7000

.85 500 .25 2000

) 1000 .20 12,000

.60 2000 A5 17,000

.30 3000 0 27,000

The procedure is to start with the receiver output
(audio) and work back through the second de-

tector i.f., and high-frequency circuits, in the
order named.

In case of oscillation in high-frequency ampli-
fier and first detector eircuits, as evidenced by
squeals or ‘“birdies”” with varying of their tuning,
look for poor connections in the common ground
circuits, especially to the tuning condenser rotors.
Inadequate or defeetive bypass condensers in
cathode, plate and sereen grid cireuits also can
cause such oscillation. In some cases it may be
advisable to provide a baffle shield between the
stators of pre-r.f. amplifier and first detector
ganged tuning condensers, in addition to the
usual tube and inter-stage shielding. Improper
sereen-grid voltage, ns might result with a shorted
or too-low sereen-grid series resistor, also could
be responsible.

Oscillation in the i.f. circuits, independent of
high-frequency tuning and indicated by a con-
tinuous squeal when the gain is advanced with
the e¢.w. beat oseillator on, will result from similar
defects in if. amplifier eircuits. Inadequate
cathode resistor bypass capacitance is a very
common cause of such oscillation. Additional
bypass capacitance, 0.1 to 0.25 ufd., usually will
remedy this type of oscillation. The same applies
to sereen-grid bypasses of i.f. tubes.

“Birdies” and “mush’” occurring with tuning
of the high-frequeney oscillator may indicate
that it is “squegging” or oscillating simulta-
neously at two frequencies. This may be caused
by a defeetive tube, too-high oscillator plate or
sereen-grid voltage, exeessive feed-back in the
oscillator circuit or exeessive gridleak resistance.
If the latter, replace with a new resistor, using
one of lower resistance if necessary.

Excessive “hiss’’ may be caused by a defective
h.f. or i.f. tube, by an open grid ecircuit, or by
too-large first oscillator r.f. input to the first
detector eircuit. The first oscillator plate (or
screen) voltage should he no greater than that
necessary for good signal response and the cou-
pling between oscillator and first detector should
be the minimum required. It may be helpful to
reduce the oscillator screen voltage, in the case of
an electron-coupled oscillator, or the plate volt-
age 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 thelatterisswitched
on, of course, as a result of the i.f. noise compo-
nents beating with the carrier it furnishes in the
second detector. The oscillator input to the sec-
ond detector should be just enough to cause
a noticeable change in second detector plate
current. (About 0.05 ma. increase in the case
of a self-biased triode second detector, for in-
stance.)



CHAPTER SIX

MONITORS AND FREQUENCY METERS

ONE might suppose that, hav-
ing finished the receiver, the next piece of equip-
ment to be built would be the transmitter. But
before the job of adjusting a transmitter to
maximum effectiveness ean be tackled, the ama-
teur must have some means of checking its per-
formance — particularly, how it is going to sound
to other amateurs — and of making certain that
the frequency of the signals is inside the band in
which the transmitter is supposed to be working.
Without the facilities to determine definitely
whether the frequency of his transmitter is within
the limits of the band the amateur has no right
in the world to send even a single dot.

It is fortunate that when the station has been
equipped with a monitor — which is nothing but
a simple shielded oscillator — it is also provided
with what is without doubt the cheapest and most
effective apparatus for setting the transmitter
frequency within the band. More elaborate in-
struments, which we call frequency meters, can
be constructed for precise frequency measure-
ment, but an inexpensive monitor, intelligently
used, will insure against committing the unforgiv-
able sin of amateur radio — working ‘“off-
frequency.”

complete enough to permit the monitor to bhe set
near the transmitter and still give a good beat
note when tuned to the fundamental frequency of
the transmitter (this is usually impossible with
the recciver hecause the pick-up from power sup-
ply leads is so great); and it should be constructed
solidly enough so that it can be moved around the
station without the necessity for retuning when
listening to a fixed signal.

Almost any sort of metal ean or box can be
used as a shield for the monitor, provided it is
large enough to contain the necessary compo-
nents. The ean shown in Fig. 601 is an ordinary
cracker tin having a diameter of six inches; tins of
this sort will be found in most homes or can be
purchased in practically every grocery store. To
disguise its origin and make it look like a piece of
radio apparatus, the can has been given a coat of
black lacquer. The circuit diagram of the monitor
is given in Iig. 602. A Type 30 tube is used in a
simple oscillating circuit; the number of parts
required has been reduced to a minimum.

All parts except the “A’ and “B” batteries
are mounted on the under side of the lid. The
data under the circuit diagram includes a com-

plete list of the material

Building a Monitor

A A monitor is a miniature
receiver, usually having only
a single tube, enclosed with
its batteries in some sort of
metal box which acts as a
shield. It need not be a costly
or elaborate affair. The ex-
ample shown in Iig. 601
illustrates the simplicity of a
typical monitor. The eon-
structional work probably
would not oecupy more than
an hour or two.

The requirements of a
satisfactory monitor are not
difficult to satisfy. It should
oscillate steadily over the
bands on which the station is
to be aetive; the tuning
should not be excessively

needed. The placing of the
parts is not especially impor-
tant; they should simply be
mounted so there is no crowd-
ing. The tube sockets into
which the coil and tube are
plugged are held to the lid by
means of machine screws.
The tuning condenser, (',
the switch, S, and the pin
jacks for the 'phones come
provided with mounting
nuts. The pin jack which
connects to the negative ter-
minal of the ‘13" battery
must be insulated from the
lid, as indicated in Iig. 602.
Care must be taken to see
that other wiring which is
not ‘‘grounded” or con-
nected to the lid, does not in-
advertently touch any metal

critical, although the degree
of band-spreading ordinarily
considered desirable for re-
ceivers is not essential; the
r.f. piek-up from the 'phone
cord should be sufficiently
nullified and the shielding

TYPICAL FREQUENCY METER
CONSTRUCTION

This photograph is a panel view of the
tico-tube frequency-meter-monitor de-
scribed in the text. Among the essentials
in frequency-meter design are mechani-
cal construction of high stability and the
use of a dial having a true vernier scale.

part of the lid or can.

The “A" battery is a sin-
gle 1.5-volt dry cell of the
type that is used in tubular
flashlights. The “B’" battery
is a small-size 22l4-volt
block, such as the Eveready
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No. 763. These two batteries are taped together
and connected to the monitor proper with rubber-
covered leads also taped together. This is neces-
sary to keep the battery leads from moving or
vibrating after the monitor has been assembled,
since movement or vibration of the leads will af-
fect the frequency of oscillation and destroy the
usefulness of the device in checking the quality of
the transmitter signal. Cotton batting or wadded
paper may be packed around the batteries when
they are placed in the bottom of the container so
that they will not move when the monitor is car-
ried around. Any paint that may be on the upper
lip of the can should be scraped off so the lid will
make good electrical contact to the body of the
can when the monitor is assembled. If the contact
is poor the shielding will be impaired and the
monitor is likely to be noisy and unstable in
operation.

Many amateurs make a practice of continu-
ously monitoring all their transmissions — a good
idea not only because a constant check is kept on
the frequency and the note, but because listening
to one’s own keying makes for accurate and clean-
cut sending. When this is done, however, the
monitor must operate without interruption over
rather long periods, which increases the strain on
the “A" battery. In such cases it is advisable to
use a larger shield box or can so that a full-size
No. 6 dry cell can be accommodated. A single No.
6 cell will operate a monitor of the typeillustrated
for a matter of months with ordinary use.

The data under the diagram should be used
chicfly as a guide, because it may be found that
slight changes in the number of turns on the plate
coils will be required to maintain smooth oscilla-
tion over the entire tuning range, since the moni-
tor has no regeneration control.

Installation and Adjustment

A A monitor has two functions to perform, the
first being that of providing a means of listening
to the transmitter signal under conditions similar
to those at distant receiving stations; that is, with
the signal weak enough so that its tone and gen-
eral characteristics can be distinguished readily.
The second funection is that of acting as a small
transmitter radiating a weak signal which can be
picked up in the regular receiver for the purpose
of aiding in setting the transmitter frequency by
the method described in a subsequent section.

In order to make full use of the monitor it must
be placed carefully with respect to the receiver
and transmitter so that the s'gnal in it from the
transmitter is not too loud and so that the signal
produced by it in the receiver also is of reasonable
strength. If the receiver is located several feet
from the transmitter a satisfactory location for
the monitor will be found alongside the receiver.
If the receiver is across the room from the trans-
mitter it will be necessary to move the monitor to
a spot convenient to the transmitter whenever
adjustments are to be made. Of course, the moni-
tor can be placed alongside the receiver for fre-
quency setting and monitoring of the transmitter
during transmissions. It may be found that the
pick-up with the lid of the shield closed is not
enough to give a pleasantly loud signal. In such a
case the lid can be opened until the required signal
strength is obtained, and then left in that position
for monitoring.

It is a very worthwhile plan to fit the receiver
with a small double-pole double-throw switch so
that the ’phones can be thrown from the receiver
to the monitor. In this way it is possible to moni-
tor all transmissions simply by flipping over the
switch when a change is made
from the transmitter to the re-

ceiver. Ordinarily the transmitter
makes a tremendous and very un-
comfortable thump in the receiver
'phones during operation. If it is

* possible to throw the ’'phones
over to the monitor this thump is
then replaced by a moderate sig-
nal which will be almost a replica
of the signal that the other fellow
has to copy. This makes for much
snappier and more readable send-
ing and provides a continuous
check on the signal. Should any-
thing go wrong with the trans-
mitter or antenna to cause the
frequency to change, the trouble
is immediately apparent.

Checking the Transmitter

FIG. 601 — AN INEXPENSIVE: MONITOR BUILT IN A CRACKER TIN

The simple construction shown above is typical. The monitor, despite
its simplicity andlowcost, isan indispensablepiece of station equip ment

Frequeney
A In the absence of more elabur-
ate frequency-measuring equip-
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ment, a monitor is an absolute necessity in the
highly-important operation of setting the fre-
quency of a self-excited transmitter (or oscillator-
amplifier transmitter with a self-controlled oscil-
lator) within an amateur band. While not wholly
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FIG. 602 — WIRING DIAGRAM OF TIIE MONITOR
The circuit components have the following values:

Cy — 50-pufd. (.00005 ufd.) mnidget variahle condenser.

C2 — .002-ufd. fixed condenser.

S — Single-pole toggle switch.

Band L L2
" 1750 kc. 70 20
3500 ke. 35 10
7000 ke. 15 6
14,000 ke. 5 4

The coil formns are 14 inches in diameter Al coils
are wound with No. 30 d.s.c. wire.

Other materials required include two 4-prong tuhe
sockets, a Type 30 tube, a pair of 'phone-tip jacks, a
small-size 22V4;-volt *‘B*’ battery (Eveready No. 763 or
equivalent), and a single-cell 1.5-volt flash-light bat-
tery. Two or even three of these cells can be connected
in parallel for longer life.

The coils Ly and L2 are wound on the same plug-in
coil form (4 prong) andare wound in the same direc-
tion, L) at the upper end of the formm. The upper ter-
minal of Ly connects to the grid of the tube, the lower
terminal to the filament of the tube; the terminal of
L2 nearest L1 goes to the paositive side of the “‘B’ bat-
tery and the remaining terminal to the plate of the
tube. The arrangement of the pins on the form may
be anything convenient.

essential for this purpose when the transmitter is
crystal-controlled — provided the crystal fre-
quency is accurately known — the monitor is
desirable for keeping watch on the quality and
stability of the signal.

Before any frequency checking can be done,
however, it is necessary to calibrate the receiver
tuning dial in terms of frequency. After the re-
ceiver has been in use for a little time the loca-
tions of the amateur bands are pretty definitely
known, because large numbers of amateur sta-
tions can he heard working on the more important
bands at almost any hour. First get the receiver
working on the band in which the transmitter is
to be set and note the limits between which ama-
teur stations are heard. Often high-power com-
mercial stations will be heard working just out-
side these limits, and the frequencies of these
stations can be looked up in lists such as the one
in the Radio Amateur ("all Book. Similar lists are

also occasionally published in QS7'. These com-
mercial stations generally are accurately set on
their assigned frequencies and furnish a means for
making an approximate calibration of the receiver.
Amateurs call them, appropriately enough,
“marker stations.”

No specific examples will be given here because
the frequency assignments are changed from
time to time, and the latest call book should be
consulted for accurate information. Suppose, how-
ever, that a station is heard whose frequency, as
shown by the list, is 6980 ke. This is only 20 ke.
outside the 7000-ke. band, and therefore serves as
an approximate marker for the 7000-kec. end. On
the high-frequency end of the band we might find
a station listed at 7350 ke. which will help in locat-
ing the 7300-ke. limit. Obviously the transmitter
cannot be tuned to all frequencies between these
two markers hecause both are somewhat removed
from the actual limits of the band, and it would
easily be possible for the transmitter to be set to
some frequency not assigned to amateurs, Due
allowance must therefore he made for the fact
that marker stations are never actual markers of
the band limits, but are outside the bands by an
appreciable amount.

The receiver may be ecalibrated roughly by
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FIG. 603 — SAMPLE CALIBRATION CURVE

made from calibration points supplied by commercial
““marker’’ stations. Such a curve may be made for the
receiver or manitor, and will aid in determining the
limits of the amateur bands. It isimpossible to meas-
ure frequency exactly with this type of calibration, so
thetransmitter should be set well inside the indicated
limirs to be certain that all transmissions will be in-
side the band. Each of the abore blocks represents a
half-inch square on ordinary cross-section paper.
The intermediate lines are not shown because of the
difficulty of reproduction in printing.
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picking up a number of such marker stations at
various frequencies near the amateur bands and
plotting the tuning-dial readings for each fre-
quency, in the fashion shown in Fig. 603. The
regular transmissions of A.R.R.L. Standard Fre-
quency Stations will provide calibration points at
the edges of bands and at several intermediate
points, as described later in this chapter. The
general shape of the curve can be determined
from the plotted points and drawn in. In the illus-
tration shown the actual limits of the band would
be at 44 and 83 on the tuning dial, although the
nearest marker stations are outside these limits.
A curve plotted in this way is not entirely accu-
rate, but is good enough to show approximately
where the band lies.
After the band limits have been determined to
a fair degree of certainty, a suitable working spot
should be picked within the band and the re-
ceiver left running at that setting. The monitor
now should be put into operation. If an extra
pair of 'phonesis not available a bent piece of bare
No. 14 wire may be plugged into the ’phone
tip jacks of the monitor so that its plate cir-
cuit will be closed. Next tune the monitor con-
denser slowly across the band, stopping when the
signal from it is heard in the receiver. The moni-
tor will now be set exactly on the frequency to
which the transmitter is to be tuned. If no signal is
heard, check the monitor to make sure it is oscil-
lating (the same tests should be applied as were
described for oscillating detectors in Chapter
Five), move it closer to the receiver, or open the
lid so that the shield-
ing will not be so
great. Make certain
that the right coil is
L in the monitor.
CT With the monitor

setting determined,
FIG. 603 — ABSORPTION

Lamp

transfer the headset
FREQUENCY METER from th(j, receiver to
the monitor, start up
the transmitter, set
its tuning controls
at approximately the
point where the band
should be, and tune
carefully until a sig-
nal from the trans-
mitter is heard in
the monitor. Set the
transmitter fre-
quency to ‘‘zero
beat”” — the silent
space between the
two beat notes —
and the transmitter
frequency will be ex-
actly on the spot
picked out. Since the
calibration obtained

CIRCUIT

An absorption meter can
be mmade in a few minutes
from an old variabie con-
denser,C, havinga maxirnum
capacity of ebout 350 upfd.,
and a series of coils, L, to
cover a large range of fre-
quencies. The meter should
be arranged so that the coils
are readily interchangeable,
although the construction
need not be elaborate. The
lamp acts as a resonance in-
dicator when the absorption
meter is used with a trans-
mitter, its use is not essen-
tial, although it is a conven-
ience. The absorption meter
is not adapted to accurate
measurement of frequency
but is helpful in approxi-
mately locating an unknown
frequency, as described in
the text.

as described above is only approximate, the fre-
quency upon which the transmitter is set should
be well inside the limits indicated by the cali-
bration curve. Take no chance of operating out-
side the band.

This method does not provide the means for
setting the transmitter on any definite frequency
unless there is 2 known station there to mark it,
but it does enable the transmitter to be tuned to,
say, the center of the band, to a spot a quarter of
the way from the top, or to any roughly esti-
mated point. It is not often that the amateur finds
it essential to tune his transmitter to within a
few kilocycles of a given frequency but if such is
the case there are means involving greater diffi-
culties which can be used. They will be detailed
later. The prime requisite usually is to have the
transmitter within the limits of the band and
perhaps in some particular section of it. For this
work the simple monitor is all that is necessary.

Absorption Frequeney Meters

A Setting the transmitter frequency as described
above is subject to a possible error which, particu-
larly with high-power transmitters, may lead to
off-frequency operation unless the approximate
transmitter-control settings for the band are
known. All vacuum-tube oscillators, in addition
to generating oscillations at the frequency to
which the coil and condenser tune, also set up
harmonics, or oscillations at other frequencies
which are integral multiples of the frequency set
by the coil and condenser (the fundamental
frequency). For example, a 1750-ke. oscillator
will have harmonics at twice 1750 ke., or 3500 ke.,
at three times 1750 ke., or 5250 ke., at four times
1750 ke., or 7000 ke., and so on. If this oscillator
is a monitor, it will pick up signals from a power-
ful transmitter set to any of this series of fre-
quencies, although the signal will be weaker the
farther it is in frequency from the fundamental.

This sometimes leads to off-frequency opera-
tion, because the total tuning range will be large
in a transmitter circuit using a large variable
condenser and a small inductance, as nearly all
self-controlled oscillators do. As an illustration,
suppose a self-controlled high-C oscillator such
as one of those described in Chapter Seven is to
be tuned to a frequency in the upper half of the
3500-ke. band; say, 3800 ke. The second har-
monic is 7600 ke.; it is possible for the monitor
to pick up signals on either of those frequencies if
the transmitter power is high and the monitor is
close to the transmitter. Unless the operator is
thoroughly familiar with the tuning of his trans-
mitter it would easily be possible for him to set
the transmitter on 7600 ke, — which is not in-
cluded in any amateur band — under the impres-
sion that he was putting it on 3800 ke.

An error of this sort can be discovered very
readily by the use of an absorption frequency
meter. This consists simply of a coil and con-
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denser, often with a small flash-light lamp in
series although the lamp is not strictly necessary.
See Fig. 604. Such a frequency meter can be
made from spare parts to be found in every
amateur station and is well worth the few min-
utes’ time involved in building it. Although it
is not adapted to accurate frequency measuring
nor to setting the transmitter frequency inside
the band once the approximate settings of the
transmitter controls are known, it can be useful
in a variety of ways.

A series of coils should be provided for the
absorption meter so that it will cover a continu-
ous frequency range from about 1500 ke. up to
the highest frequency likely to be needed —
perhaps 20,000 ke. A rather large condenser
should be used; a variable with 350 pufd. maxi-
mum capacity is about right. Coils to cover the
range with a condenser of this size may be made
as shown in the table below. The frequency
ranges are approximate only. The specifications
are for coils wound on a two-inch form with No.
20 d.c.c. wire, no spacing between turns.

Range Turns
1500-5000 kc. 25
3000-10,000 ke. 10
6000-20,000 ke. 5

It is not necessary to have calibration curves
for these coils nor even to have permanent cali-
bration points. The use of the meter can best be
explained by continuing the example already
cited. To make sure that the transmitter is ac-
tually on 3800 ke. and not 7600 kc., the coil
which covers the range from 3000 to 10,000 ke.
should be connected to the condenser and coupled
loosely to the tuning coil in the detector circuit of
the receiver. Set the receiver to 3800 ke. with the
detector oscillating gently and turn the dial on
the absorption meter condenser. At some point
toward the high-capacity end of the condenser the
meter will absorb enough energy from the detec-
tor to cause it to stop oscillating. Move the meter
a little farther away until this occurs at one very
definite point on the meter dial. The meter will
then be set approximately to 3800 ke.

Now turn on the transmitter and couple the
meter, without changing its dial setting, to the
transmitter tank coil. When the meter is equipped
with a lamp indicator, the lamp will glow if the
transmitter is tuned to 3800 ke. Always use the
loosest possible coupling in making this kind of
test; that is, keep far enough away from the tank
coil so that the lamp shows only a faint glow at a
definite point on the meter dial. A ‘“broad”
indication, or one in which the lamp lights over a
considerable range of meter tuning, is not nearly
so good. Should the meter be without a lamp
indicator, the same effect can be obtained by
watching the plate milliammeter on the trans-
mitter. It will show a slight increase as the

absorption meter is tuned through resonance
with the transmitter.

Continuing the example, if no indication of
resonance appears when the meter is coupled to
the transmitter, the chances are that the trans-
mitter is tuned to a harmonic of the monitor in-
stead of to its fundamental frequency. This can
be checked by decreasing the capacity of the
condenser in the meter, upon which the indica-
tion should appear toward the low-capacity end
of the secale. If the receiver can tune to 7600 ke.
the order of the frequency to which the trans-
mitter is tuned can be checked quite easily by
following the method described in the paragraph
second above, this time varying the detector
tuning and holding the absorption meter con-
denser setting constant.

An absorption meter is also useful when, as
sometimes happens, a doubling stage in a crys-
tal-controlled transmitter is accidentally tuned
to the third harmonic instead of the second. A
few minutes spent in checking often will prevent
off-frequency operation.

More Precise Methods

A So far we have outlined the simple procedure
necessary to determine definitely whether the
transmitter frequency is within the limits of the
band and roughly in what part of the band it is
located. Many amateurs will be interested in
knowing how a transmitter can be tuned to
within a few kilocycles of a given frequency. I'or
this work some calibrated standard will be nec-
essary against which to compare the frequency
of the transmitter. Such a standard is the hetero-
dyne frequency meter.

The heterodyne frequency meter somewhat
resembles the monitor in that it is a small os-
cillator, completely shielded, but the refinement
and care in construction is carried to a high de-
gree so that the frequency meter can be accu-
rately calibrated and will retain its calibration
over long periods of time. The oscillator used in
the frequency meter must be very stable; that is,
the frequency of oscillation at a given dial setting
must be practically the same under any condi-
tions. No plug-in coils are used in the frequency-
meter; one solidly built and firmly mounted coil
is permanently installed in it, and the oscillator
covers one band only. A low-frequency band is
used for this purpose, and when the meter is to be
used on the higher-frequency bands its harmon-
ics instead of the fundameutal oscillation are
used. The single coil can be mounted in a much
more solid fashion than could plug-in coils, and
since it is not subject to continual handling such
as plug-in coils receive, the turns will not be
loosened or pulled out of place.

The frequency meter must possess a dial which
can be read precisely to fractions of divisions.
To obtain accuracy it is necessary to read the
scale to at least one part in 500; ordinary dials
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such as are used for receivers are not capable of
such precision. The National 4" Type N and 6"
Type N and NW dials are provided with vernier
scales for reading to a tenth of a seale division
(one part in 1000), and are well suited to this
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FIG. 605 — CIRCUIT OF THE FLECTRON-COUPLED

FREQUENCY METER

This circuit is for use with indirectly heated tubes

such as the 24-4 and 36.

€1 — Band-spread condenser, minimum capacity
53 pufd., maximum capacity, 81 ppfd., approxi-
mately. (Such as General Radio Type 556.)

Cg — 250-ppfd. mica condenser.

C3— Approximately 10 pufd. See text for details.

Cy — .01-pfd. mica hy-pass condenser.

R1 — 100,000-0hm grid leak.

R2 — 50,000-ohm I-watt resistor, pigtail type, non-
inductive.

J — Closed-circuit phone jack.

S — On-off switch, s.p.s.t.

L1 — Approximately 90 turns of No. 30 d.s.c. wire
close-wound on a I-inch bakelite tube, tapped
at the 30th turn from the grounded end. A feiwo
more or less turns may be needed to spread the
1750-kc. band over the dial scale to the best
advantage.

work. The General Radio 704 and 706 series dials
also are excellent. There are a few other good
dials on the market. Care should be used to select
one which has fine lines for division marks, and
which has an indicator very close to the dial scale
so that the readings will not be different when the
dial is viewed from different angles.

The frequency meter also can be used as a
monitor if desired with a resulting simplification
in checking transmitter frequency. For maximum
accuracy, however, the frequency meter should be
left permanently in a fixed place on the operating
table, since handling the meter may jar it enough
to destroy its calibration unless it is very solidly
constructed. A monitor, on the other hand, is a
much handier instrument if it can be carried
around when tests or adjustments are being made
on the transmitter.

The Electron-Coupled Frequeney Meter

A One of the most stable oscillator eircuits, elee-
trically, that has been devised, is the electron-
coupled oscillator circuit. In this circuit the oscil-
lation frequency is practically independent of
moderate variations in supply voltages, provided

the plate and screen voltages applied to the
screen-grid tube used are properly proportioned.
Variations in plate and filament supply voltages
constitute probably the greatest source of fre-
quency change attributable to electrical causes in
vacuum tube oscillators. Furthermore, by using
the grounded screen grid as the anode in the
oscillatory circuit, the other elements in the tube
are electrostatically shielded from the plate, just
as they are in an ordinary receiving screen-grid
amplifier, and it becomes possible to take output
from the plate circuit with practically no reaction
on the frequency of the oscillator. This is a fea-
ture of great value, because it means that the
frequency meter can be coupled to the receiver
with no danger of changing its calibration. A
third feature of the electron-coupled oscillator
which makes it ideally suited to use in frequency
meters is that strong harmonics are generated in
its plate circuit so that the meter is useful over an
extremely wide range of frequencies.

Circuit diagrams for electron-coupled fre-
quency meters are given in Figs. 605 and 606.
The former is for use with tubes having indirectly-
heated cathodes, such as the 24-A, 35, and 36.
Fig. 606 is a circuit for filament-type tubes such
as the 32. With these tubes it is necessary to pro-
vide an extra winding, Ls, in series with one leg
of the filament so that both filament terminals
will be at the same r.f. potential. In general, the
types of tubes just mentioned (all of them are
four-element tubes, or tetrodes) will be better
suited for use as electron-coupled oscillators than
the screen-grid pentode receiving types such as
the 34, 39-44, and 78, because in these types the

+2.0 B +45 +90
FIG. 606 — ELECTRON-COUPLED FREQUENCY
METER CIRCUIT FOR USE WITH DIRECTLY-
HEATED TUBES SUCH AS THE 32

The circuit is essentially the same as that of Fig. 605
except that both sides of the filament must be fed
through coils to prevent grounding the filament. 1.1
has the same specifications as in Fig. 605. L2 has the
same number of turns as the tapped portion of L. It
may be wound over the corresponding part of L1 or
directly on the coil form between the turns of the
tapped portion of L1. The other components have the
same values asin Fig. 605. In this circuit the filament
switch as well as the output binding post and phone
jack must be insulated from the shield.
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suppressor grid, connected to the cathode inside
the tube, nullifies the shiclding when the tube
is used as an electron-coupled oscillator. The 77,
6C6, 6D6, 57 and 58 will be satisfactory, however,
because the separate base connection of the sup-
pressor grid makes it possible to tie this grid
either to ground or to the regular screen grid.

Mechanical considerations are most important
in the construction of a frequency meter. No mat-
ter how good the instrument may be electrically,
its accuracy never will be good if it is flimsily
built. Mount everything solidly; make connec-
tions with stifi wire and place all leads so they
cannot be moved in the course of ordinary han-
dling. Thoughtful care in the construction of the
frequency meter makes the difference between
the precise instrument and just an ordinary
oscillator.

The construction of the two-tube frequency-
meter monitor shown in the frontispiece and Fig.
607 is illustrative of good practice in building a
frequency meter. The same layout can, in fact,
be followed in using the circuit diagrams of Figs.
605 and 606, even though the separate detector
tube is not used.

It is desirable to design the frequency meter so
that the oscillator operates in the 1715-2000-ke.
band, with a “spread” such that almost the en-
tire dial scale is used to cover the band. While the
specifications for the oscillator inductance under
Fig. 605 will be found to work out closely, it may
be necessary to add or subtract a few turns to
get the band-spread just right. For the higher-
frequency bands harmonics of the oscillator are
used. Thus the second harmonic will cover the
3500-4000-ke. band, the

tended series of beats on either side of the desired
one. Such a condition can easily be cured by
moving the cathode tap toward the ground end
of the coil or by using a grid leak, R,, having a
lower value of resistance. When the coil has been
completed and the tap correctly placed the wind-
ing should be coated with lacquer or collodion to
hold the wires firmly in place.

The coupling condenser, (3, in Figs. 605and
606 should have very small capacity — about 10
to 15 micromicrofarads. A midget variable con-
denser will do — both sides must be insulated
from the shield —or a small “trimmer” con-
denser can be used. Alternatively, a suitable con-
denser can be made from two picces of metal strip
measuring approximately one-half by one inch,
arranged to face each other with a space of about
1% inch between their surfaces.

The signal from the frequency meter can be fed
into the receiver by connecting a wire from the
output post on the meter to the antenna post on
the recciver. This will give strong signals on all
harmonics; in fact the signals may be stronger
than is deemed desirable. If this should be the
case the wire from the output post can be discon-
nected from the receiver but left in the vicinity of
the receiving lead-in. Satisfactorily loud signals
from the frequency meter ordinarily can be ob-
tained even with such loose coupling.

The frequency-meter can be used as a monitor
by connecting a pair of headphones in the screen
circuit through the medium of the jack, J.

When the frequency meter is first turned on
some little time is required for the tube to reach
its final operating temperature, and during this
period the frequency of os-

fourth the 7000-7300-ke.
band over part of the scale,
and so on to the highest
frequencies used by ama-
teurs. Strong harmonies can
be taken from the frequency
meter even on the 56,000-ke.
band, which is the highest-
frequency band amateurs
have used for practical com-
munication.

The cathode tap on the
coil L; usually will be set at
about 14 the length of the
coil from the grounded end.
The location of the tap is not
critical, butif too many turns
are used between cathode
and ground it sometimes
happens that a species of

cillation will drift slightly.
Although the drift will not
amount to more than two or
three kilocycles on the 3500~
ke. band and proportionate
amounts on the other bands,
it is desirable to allow the
frequency meter to ‘“‘warmn
up’’ for about a half hour be-
fore calibrating, or before
making measurements in
which the utmost accuracy
is desired. This applies par-
ticularly with indirectly-
heated tubes. The directly-
heated tubes, because of the
smaller filament power re-
quired, warm up much more
quickly. The on-off switch in
I'ig. 605 is a useful adjunct

multiple oscillation will be
set up, corresponding to the
howl a regenerative detector
will give if too much regen-
eration is used. This results
in the production of an ex-

FIG. 607 — AN INTERIOR VIEW OF THE
TWO-TUBEE. C. FREQUENCY-METER-
MONITOR

Careful attention to small details of
construction is repaid by a high order of
accuracy in the frequency meter.

to the meter because the
“B" supply can be cut off
independently of the fila-
ment supply, permitting the
operator to  keep the fre-
quency meter up to tem-
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perature without wasting ‘B’ current when no
measurements are being made.

With careful construction, a good readable
dial, and an accurate calibration made as de-
scribed in a later section, measurements made
with the electron-coupled frequency meter can
be depended upon to be accurate to within 1
part in 1000, or one-tenth of 197, an accuracy
more than sufficient for amateur work.

A Combined Frequeney Meter-Monitor

A Although an electron-coupled frequency meter
constructed according to the diagrams, Figs. 605
or 606, can be used as a monitor as explained in
the previous section, the monitoring function will
be performed more satisfactorily if a separate
detector tube is added to the unit. Installation of
the extra tube will result in a stronger signal for
monitoring purposes, and will eliminate such
slight changes in oscillator frequency as may be
occasioned by plugging the headphones into the
plate lead of the oscillator. The separate detector
adds little to the cost of the frequency meter.

A combined frequency meter-monitor of this
type is illustrated in IFigs. 607 and 608 and on the
first page of this chapter. The circuit diagram of
the oscillator is the sane as that of Fig. 605 up to
the “output” terminals, where condenser (‘s re-
places C; in Fig. 605. The oscillator output is fed
into the grid circuit of a Type 56 tube connected
as a plate or grid-bias detector. This tube oper-
ates both as an amplifier of the radio-frequency
output of the oscillator and as a detector when
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the oscillator output or one of its harmonics is
made to beat with the signal from the transmitter.

The eonstruction of the unit should be evident
from the two photographs. The case is a sturdy
aluminum box measuring 10 by 6 by 5 inches. An
aluminum shelf bolted to the panel holds all the
parts. The oscillator and detector tubes are at the
right in I'ig. 607, at the center are the two tuning
condensers, 'y and C,, C. being used as an adjust-
able fixed section to set the minimum capacity in
the circuit to spread the 1750-ke. band over most
of the dial scale. It need only be adjusted when
the frequency meter is first built, and therefore is
not controllable from the front of the panel. The
grid condenser, (s, and grid leak, R, are mounted
by a small bracket on the upper stator-plate ter-
minal of C; to make a short, direct connection to
the grid of the 24-A oscillator tube. To the left of
(") and (g, near the shelf, is the oscillator coil, L,.
By-pass condensers and resistors are mounted
underneath the shelf, together with a cable socket
for the heater and plate-supply connections.

1f desired, it is possible to include a power sup-
ply for the frequency meter-monitor in the same
cabinet if the space for a small power transformer
and a compact rectifier-filter is available. Since
the plate current requirements of a unit of this
type are very low — about two milliamperes at
the most — a simple filter of the resistanee-capac-
ity type will be sufficient. The power transformer
can be of the midget type. As a general rule, how-
ever, it is better to use a separate power supply
beeause of the possibility of vibration and hum
pickup from the power unit.
Alternating current can be
used on the tube heaters in
conjunction with “B" bat-
teries, or all the power can
come from a receiver power

unit — from the same unit
used with the receiver, in
fact.

Calibrating the Frequeney
Meter

A When the frequency meter
is finished it must be eali-
brated before it can be put
into service. After its tuning

FIG.608 — CIRCUITOF THETWO-TUBE FREQUENCY-METER-MONITOR

1 — 3-plate Cardwell Midway Type 10I-B, maximum capacity 26 pufd.,
minimum capacity 7 pufd. (See text.)

Co— 5-plate Cardwell Midway Type 102-B, maximum capacity 50 pufd.,
minimum 8 pufd.

C3— 0001 -ufd. fixed condenser.

Cy, Cs, Co, C7, — 0I-pfd. fixed hy-pass condensers.

Csg— H-ppfd. fixed coupling condenser.

Co — . 25-ufd. fixed condenser.

R1— 100,000-0lvm Vo-watt sise.

Ro — 100,000-0hm I-watt size.

Rz — I-megohum I-watt sise.

R4 — 900.000-0hun I-teatt sise.

1.1 —79 turns No. 30 d.s.c.wire ona l-inch diameter tube, Cathode tap should
be at 23rd turn from “‘ground” end. The heater and “B’ supplies
may be from the receiver power pack.

range has been checked to be
certain that it covers the
1750-ke. band with a little
overlap at each end, an ap-
proximate calibration may be
made using marker stations.
These markers may be near
any of the amateur bands,
not necessarily only in the
vicinity of 1715 and 2000 ke.
For example, stations in the
vicinity of 4000 kc. ean be
used as markers, the actual
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frequency of the station being divided by 2 to get
the calibration point since the second harmonic of
the frequency meter is being used. Again, marker
stations near 7000 ke. can furnish points for the
low-frequency end of the scale, the calibration
frequency being the marker station frequency
divided by 4 because the checking will be done
on the fourth harmonic of the frequency meter.
A large number of points can be secured in this
way for the purpose of making up a preliminary
calibration.

The general procedure is to tune in the marker
station on the receiver with the detector oscillat-
ing, then back off the regeneration control until
the detector stops oscillating but is still giving a
great deal of regenerative amplification, just as if
a 'phone station were being tuned in. With a
superhet receiver the signal would first be tuned
in with the beat oscillator on; after setting the
receiver to zero beat with the incoming signal the
beat oscillator should be shut off. The dial on
the frequency meter should now be turned until
the signal from the meter is heard to beat with the
marker station signal. This amounts to using the
frequency meter as a separate heterodyne. Adjust
the frequency meter to give zero beat with the
marker signal and note the dial reading. The cali-
bration point will be the marker station frequency
divided by whatever harmonic of the frequency
meter is being used. A number of these points will
give a complete-enough calibration to make possi-
ble the drawing of an approximate calibration
curve on regular graph paper.

After this approximate curve has been con-
structed, the current issue of S7 should be con-
sulted for information as to the next transmission
of standard frequencies for calibration purposes.
These transmissions are given once or twice each
week by the stations comprising the A.R.R.L.
Standard Frequency System, which consists of
stations especially licensed to transmit calibra-
tion signals for amateur use, and located in
different geographical sections of the United
States. Each of the stations is equipped with a
frequency standard which is accurate to better
than one part in 10,000 or .0197. These individual
standards have been calibrated directly against
the national frequency standard located in the
laboratory of the Bureau of Standards at Wash-
ington, and the calibration signals transmitted
for amateurs are therefore based on the national
frequency standard. Every amateur is urged to
make the fullest possible use of the transmissions.
In general the transmissions consist of signals
which mark accurately the limits of the 3500-,
7000- and 14,000-kc. bands with intermediate
points at 100 ke. intervals.

The date and exact form of each transmission
are indicated in each issue of QS7'. The transmis-
sions generally take the form of an eight-minute
period for each frequency. The first part of each
period is devoted to a QST — general call to all
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FIG. 609 — TYPICAL CALIBRATION CURVE FOR
THE FREQUENCY METER

Each of the small blocks represents a half-inch
block on ordinary cross-section paper. The chart must
be large enough so that tenths of divisions can beread
accurately on the dialreading scale, and the frequency
scale must be spread out to facilitate making readings
to within a few kilocycles.

A.R.R.L. stations — then follows a series of long
dashes and an announcement of the exact fre-
quency, then a final short period in which the fre-
quency of the transmission to follow in a few
minutes is announced.

The same procedure should be followed in cali-
brating from Standard Frequency Transmissions
as in calibrating from marker stations. The pur-
pose of the marker station calibration is simply to
serve as a guide in locating the Standard Fre-
quency signals.

After the dial readings for various frequencies
have been secured, they should be plotted care-
fully on a curve sheet. The curve should not be
“cramped’ — that is, the scale should not be so
small that it is difficult to make accurate readings.
I'ig. 609 shows a satisfactory way of making up
such a curve. The paper used is standard cross-
section paper (20 lines to the inch); each of the
blocks shown in the drawing represents a half-
inch block on the paper. It may be necessary to
use two sheets to draw the entire curve, one for
the low-frequency half of the band and the other
for the high-frequency half. The illustration
shows calibrations only for the three bands on
which Standard I‘requency Transmissions are
sent. For the 1750-ke. band the 3500-ke. readings
would be divided by two.



CHAPTER SEVEN

TRANSMITTERS

IN ONE respect the transmitter
is the most important piece of equipment in the
amateur station ~— it is the mouthpiece through
which the operator conveys his thoughts to other
amateurs the world over. Distant amateurs must
therefore judge the station by the quality of the
transmitter’s output and by the way it is operated.
A steady signal with a clean “pure d.c.” note is
the finest testimonial an amateur station can
have. It is well worth attaining, not only because
it indicates possession of & good transmitter in-
telligently operated but also because it shows that
the station’s operator is not ‘hogging” more
than his share of the amateur bands — as he
would with a rough, wobbly, creeping signal.

The design and construction of an amateur
transmitter offers a very wide field for interesting
experiment. The past few years have seen so
many new developments in circuits and equip-
ment that the possible combinations of appara-
tus to produce the result desired are almost end-
less. It is also true, fortunately, that wholly
satisfactory results can be secured from extremely
simple and inexpensive apparatus. Indeed, the
range of a transmitter depends more upon judi-
cious choice of frequency and the skill of the
operator than upon the amount of power used.
Although amateur stations are permitted to use
power inputs up to one kilowatt, a compara-
tively small number use more than a quarter of
that power, while the great majority do excellent
long-distance work with less than one hundred
watts. “DX” does not depend especially upon
power, although the higher the power of the
transmitter, the more consistent will he the re-
sults through good conditions and bad.

Amateur transmitters can be divided into two
general classes, those intended for operation on
the medium and long distance frequency bands —
1.75 to 28 me., inclusive — and those for the ul-
tra-high frequencies — 56 me. and higher. This
chapter will treat the design, construction and
operation of transmitters of the first class. A
somewhat different technique is usually employed
in transmitters for ultra-high frequency work,
and this type of transmitter is discussed in a
separate chapter.

Types of Transmitters

A All amateur transmitters employ the vacuum
tube as a generator of the high-frequency alter-
nating current necessary for the production of
radio signals. Present-day amateur transmitters
are of two general types: those which employ
“gelf-controlled” oscillators and those in which a

crystal-controlled oscillator is used. The first of
these types is called “self-controlled”’ because the
frequency of the osecillations generated in the
transmitter depends on the constants of the cir-
cuit (chiefly the size of the coil and condenser used
in the plate circuit of the oscillator). The crystal-
controlled transmitter, on the other hand, makes
use of a special type of erystal (usually quartz)
in the oscillator. In this case, the crystal is the
chief factor in determining the frequency on
which the transmitter operates.

When an oscillator of either type is used to .
feed the antenna directly, the transmitter is said
to be “self-excited.” If, however, the oscillator
drives one or more amplifier tubes which in turn
feed the antenna, the arrangement is known as an
“oscillator-amplifier’ transmitter. One may have
either a self-controlled or a crystal-controlled
oscillator-amplifier transmitter.

Of all transmitters, the crystal-controlled type
of set is by far the most satisfactory. In its usual
form it is somewhat more complicated than the
self-controlled self-excited transmitter but the
advantages to be gained in its operation and in
the signal it produces far outweigh the added
cost. The erystal-controlled transmitter is fast
becoming universal throughout the world. There
is, of course, still a place for the low-powered self-
excited self-controlled transmitter. Its simplicity
and its low cost make it attractive to the beginner
in amateur radio. Further, it must be admitted
that such a transmitter, when built and operated
very carefully, is capable of good performance.

Transmittling Apparatus

A The apparatus used in transmitters is of the
same general character as that used in receivers
— in fact, many of the components used in low-
power transmitters are identical with those found
in receiving sets. In more powerful transmitters,
however, it will be found that condensers have
higher voltage ratings, inductances are made
with heavy conductors, resistors have greater
power-dissipating ratings, and larger tubes of
special characteristics are used.

The performance of the transmitter will be de-
pendent to a considerable extent upon the quality
and suitability of the individual pieces of appa-
ratus which comprise the whole. The importance
of using high-grade apparatus cannot be over-
estimated. Insulation is particularly important
hecause of the high voltages used in the transmit-
ter and the heavy radio-frequency currents which
must be handled. Without any external indication
there can be radio-frequency leaks through
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the insulation which will make it impossible to
obtain a clean note from the transmitter; often
the signal emitted under such conditions is a
rough hash and no amount of careful tuning will
improve it. It is therefore a wise plan to use only
apparatus of reputable manufacture -—— the equip-
ment advertised each month in QST can be
depended upon, since all apparatus advertised is
inspected and approved by the technical staff of
the magazine before being permitted to appear in
its pages.

In the deseriptions of actual apparatus which
appear in this chapter, the manufacturer's name
and type number of the parts used frequently
are given. This is done for the eonvenience of the
constructor who wishes to duplicate the equip-
ment. It does not mean, however, that parts of
different manufacture having the same eleetrical
values and of equal quality cannot he used. So
long as the eleetrical speecifications given are
followed, the substitution of a different compo-
nent for the one named will make no difference in
the performance of the set. It may, however,
make necessary some alterations in the physical
lavout because of different mechanical design.
This is unimportant so Jong as the principles of
good construction are not violated.

Transmitting Tubes

A An cxccllent variety of power tubes is avail-
able to the amateur contemplating the construe-
tion of a high-frequency transmitter. The large
number of tubes is, in fact, often a source of con-
fusion to the beginner beeause it is difficult for
him to decide upon the type best suited to his
particular purpose. Broadly speaking, however,
tubes may be classified according to the power
output to be expected from them. Thus, a group
of small tubes of the receiving type, adapted by
amateurs to use in low-power transmitters, show
power outputs of the order of 5 to 15 watts; a
group of medium-power tubes ix rated at 35 to
50 watts output; a third group carries a nominal
rating of 100 watts, and so on. Obviously, then,
the first decision the amateur has to make in the
choice of a transmitting tube is that of the power
output he wants, The table of transmitting tubes
gives the important characteristics and operating
ratings of the tubes most suitable for use as radio-
frequency oscillators and power amplifiers.

The tubes listed in the table are divided into
two classifications, triodes or three-clement tubes
comprising the first. They are useful as oscillators
or power amplifiers. All are capable of working
well on the four lower-frequency amateur bands
which carry the bulk of amateur communication
— the 1.75- 3.5-, 7- and 14-me. bands, The types
marked with an asterisk (*) are cspecially de-
signed for very high frequency work, and in addi-
tion to giving excellent performance on the four
bands just mentioned, also will he found to be
well suited to work on 28 and 56 megacycles,

Of the tetrodes and pentodes listed in the
second classification, those designed especially for
transmitting are intended particularly to be used
as radio-frequency power amplifiers. They are of
the screen-grid tvpe and can be used without
neutralization (see later section). The small re-
ceiving tubes are generally used in special
oscillator circuits, chiefly with crystal control,
but cannot be used as amplifiers without neu-
tralization.

Self-Controlled Oscillator Cireuits

A T'undamentally there are two general divisions
of self-controlled oscillator circuits; those employ-
ing capacitive coupling (eondensers) to feed back
energy from the plate to the grid cireuit, and those
using inductive coupling (coils) for the same
purpose. All circuits are modifications of these
two general classes.

The operation of the vacuum tube as an os-
cillator has been explained in Chapter Four. The
maximum amplitude to which oscillations will
build up depends upon the characteristics of
the tube, the circuit constants, the grid bias and
the plate voltage. The frequency of oscillation
will be determined principally by the inductance
and capaeity values in the tuned circuit, al-
though other circuit constants such as the inter-
electrode capacitances of the tube alco will affect
the frequency.

The choice of o circuit is not of great impor-
tanee, for if the circuit is arranged to suit the par-
ticular tube or tubes used, and is adjusted prop-
erly, similar results can be obtained with any of
them. In every oscillator provision is made to
tune the condenser-coil circuits to the required
frequency and to vary the amount of energy fed
into the grid circuit from the plate circuit (the
grid excitation). Other means are provided to ad-
just the grid bias and to adjust the load to that
value which will allow the most efficient transfer
of energy from the plate circuit. Some method of
making all of these adjustments is to be found in
every satisfactory circuit.

The circuits in most general use are the Hart-
lev, Armstrong or tuned-grid tuned-plate, Col-
pitts and ultraudion.

In the Hartley oscillator the tuned circuit
(zenerally called the “tank” circuit because the
r.f. energy is stored in it) has its ends connected
to the grid and plate of the tube. The filament
circuit of the tube is connected to the coil at a
point between the grid end and the plate end. In
this way the coil is really divided into two sec-
tions, one in the grid circuit and one in the plate
cireuit. Oscillations are maintained because of
the inductive coupling between these two sections.

In the tuned-grid tuned-plate circuit there are
two tank ecircuits, one connected between the
grid and the filament of the tube and the other
between the plate and filament. In the high-
frequency oscillator these two circuits are not



TRANSMITTING TUBES
TRIODES
Interelectrode Capacl-
Noml- Fit. Fil, Max. Mazx, Neg. Max. Grid Safe Amp. tances (upufd.) Grid
Type nal Volts | Amps. | Plate | Plate | Grid | Grid | Driv- | Plate | Factor Leak
R.F. (Er) (In) | Volts? Ma. Blas Ma. ing Dissj- ()] (ohms)
Oumut (Ev) (Ip) Volts® (Ie) Power | pation Grid Grid Plate
(watts)! (Ec) (watts)| (watts) to to
Fil. Plate Fll
45 10 2.5 1.50 400 50 180 2.0 10 3.5 5.0 8.0 3.0 50,000
46 10 2.5 1.75 400 50 18G*¢ 2.0 10 5.8 50,000
228 ( 30.0 1,000
59 10 | 2.58 | 2.0 [ 400 50 | 13s 3.0 | 6.0 25,000
227 2.0 10 30.0 1.000
|843 10 2.58 2.5 425 40 90 7.5 | 15 .7 5.0 6.0 5.0 | 10,000
IlO 15 7.5 1.25 500 60 135 15 i 3.0 15 8.0 4.0 7.0 3.0 10,000
|84l 15 7.5 1.25 500 60 30 | 20 | 2.0 | 15 30.0 5.0 8. 3.0 5,000
[sor= 25 | 7.5 | 1.25| 600 | 65 | 150 15 | 45| 20 8 4.5 | 6 1.5 10,000
[soo* 50 | 7.5 | 3.25|1000 | 75 | 135 25 5.0 35 | 150 2.8 | 2.5 | 1.0 10,000
I825‘ I 50 7.5 3.25 | 1000 | 75 180 5.0 40 10.0 2.0 3.0 1.0 10,000
830 50 10.0 2.15 750 110 180 18 | 5.0 40 8.0 4.9 9.9 2.2 10,000
RK-18* 50 7.5 2.5 1000 85 135 15 4.0 40 18.0 3.8 5.0 2.0 |10,000
304-A* 85 7.5 3.25 | 1250 100 200 20 8 50 11 2 2.5 0.7 10,000
203-A 100 10.0 3.25 | 1250 175 100 60 14.0 100 25.0 6.5 14.5 5.5 10,000
211 100 10.0 3.25 | 1250 175 200 50 14.0 100 12.0 8.0 15.0 7.0 15,000
242-A 100 10.0 3.25 | 1250 150 150 50 14.0 100 12.5 6.5 13.0 4.0 15,000
852* 100 10.0 3.25 | 3000 | 100 350 | 40 | 20.0 100 12.0 2.0 3.0 1.0 10,000
354* 150 5 7.75 | 3000 175 275 l 40 15.0 150 11.0 9.0 3.7 0.4 10,000
150T* 200 | 5 10.0 3000 200 300 | 25 15.0 150 12.0 10,000
F-108-A*| 200 ! 10.0 11.0 3000 200 350 l 50 25.0 | 175 12.0 3.0 7.0 2.0 15,000
204-A 350 11.0 3.85 | 2500 275 250 80 60.0 250 25.0 | 18.0 17.0 3.0 | 10,000
849 450 | 11.0 5.0 2506 350 300 125 75.0 300 19.0 | 17.0 33.5 3.0 10,000
831* 500 | 71.0 10.0 3000 350 300 | 100 75.0 400 14.5 3.8 4.0 1.5 10,000
F-100* 500 11.0 25.0 2000 500 300 | 75.0 500 14.0 4.0 10.0 2.0 |10,000
TETRODES AND PENTODES
Interelectrode Capacl-
Nomi- | Fil. Fil Max, | Max, | Neg. | Max. | Max, | Grid Safe Safe tances (uufd.)
nal Voits | Amps. | Plate | Screen | Grid Plate Grld Driv- | Screen | Plate
Type R.F. (En) Ir) Volts? | Volts Blas Ma.2 ing Dissi- | Disst-
Output (E) (E) Volts (Ip) (I.) Power | pation | pation
(watts)! (E) (watts)| (watts)| (watts)| Grid to} Grid to|Plate to|
Cath- | Plate | Cath-
ode ode
41 5 6.3t 0.4 300 100 22 40 1.0
42 10 6.3 0.7 400 100 45 50 2.0
47 10 2. 1.75 400 100 45 50 2.0 8.6 1.2 13.0
2A5 10 2.5 1.75 400 100 45 50 2.0
l89 10 6.3t 0.4 400 100 45 40 2.0
loo 10 | 2.5¢| 2.0 | 400 | 100 | 43 50 2.0
|844 5 2.5¢ 2.5 500 150 10 30 5 1.0 3 15 10.0 0.07 8.5
865* 15 7.5 2.0 750 150 75 60 15 2.5 3 15 10.0 0.05 7.5
254-A% 20 5.0 3.25 750 175 90 60 3.0 5 20 4.6 0.1 9.4
254-B* 25 7.5 3.25 750 150 135 75 3.0 5 25 11.2 0.085 5.4
282-A* 50 10.0 3.0 1000 250 150 100 5.0 5 70 12.2 0.2 6.8
RK-20* 50 7.5 3.0 1000 300 75 85 3.0 10 40 11.0 0.01 9.5
I850 100 10.0 3.25 | 1250 150 150 175 40 10.0 10 100 17.0 0.2 26.0
I860‘ 100 10.0 3.25 | 3000 250 200 100 40 15.0 10 100 8.5 0.05 9.0
|861‘ 540 11.0 10.0 3500 500 200 350 100 50.0 35 | 400 17.0 0.1 13.0

1 Conservatlve rating based on normal plate input and operating conditions. The actual output will depend upon the efficlency,
and the power supplied to the tube plate

2 Maximum r d values. odulated d.c. With modulation, d.c. plate voltage should be 25 to 30 per cent lower.

3 Recommended value for operatlon as osclilator or Class-C power amplifier

4 With outer grid connected to plate.

$ With % rids connected toge h

08, 2 and 3 connected to plate

1Gri ls Nos. 1 and 2 connected together; grid No. 3 connected to plat
$ Indirectly-heated cathode. + Kspeclally designed for very high-frequency use.
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coupled inductively and the grid-plate capacity
of the tube itself is utilized to provide the coupling
between the grid and plate circuits which is
necessary to cause oscillation.

The Colpitts circuit is arranged so that the
filament is connected to the junction of two con-
densers which are in series across the coil. In this
way the grid and plate
circuits share the volt- Cs
age drop across the
condensers, the phase
relationship being cor- ]
rect for production of
oscillations, cl

A fourth circuit is
the ultraudion. It be-
longs to the Colpitts
family of circuits, and
is used by only a com-
paratively small num-
ber of amateurs.

The Hartley and 4
tuned-plate tuned-
grid circuits are most
popular, probably be-
cause the adjustments
which regulate feed-
back and frequency of
oscillation are more
independent in those
two circuits, thus
making them some-
what easier to handle.

RFC.
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coupled circuit in amateur transmitters has gen-
erally been limited to low-power sets using indi-
rectly-heated type receiving tubes, however,
because of the necessity for operating the cathode
at a different r.f. potential than that of the ground
and power-supply equipment. In the electron-
coupled circuit of Fig. 701, the screen grid,
cathode and control
grid areconnected in a
Hartley circuit to gen-
erate the oscillations,
while the amplified r.f.
energy is taken from a

<

ol

tank circuit connected
inserieswith the plate.
The plate or output
circuit may be tuned
to a harmonic of the
oscillator circuit as
well as to thesame fre-
quency. The output
usually drops off rap-
3 idly on harmonics
C’T_ A, abovethesecond how-

ever.
ULTRAUDION - wH.v. +

1§
TUNED-PLATE l l
TUNED-GRID - H.v. +

Throughout this
chapter reference fre-
quently will be made
to “ground” or the
‘“grounded” part of
the circuit. In many
instances this does not

mean that an actual

Many modifications
of the fundamental
circuits are possible.
One of the most popu-
lar is the so-called
“TNT?” circuit, in
which the grid tank of
the tuned-grid tuned-
plate circuit is re-
placed by a coil which,
with its own distrib-
uted capacity and
the capacity of tube
and wiring connected
across it, is broadly
resonant at the op-
erating frequency. Its
chief advantages are
its economy and the
fact that it is a very
simple circuit to tune once the proper size for
the grid coil has been determined.

Screen-grid tubes can be used in the electron-
coupled circuit (described in Chapter Six) to
give in one tube some of the beneficial effects of
the oscillator-amplifier arrangement. With suit-
able care in design and operation, electron-
coupled oscillators will provide a high order of
frequency stability. The use of the electron-

FIG. 701 — SELF-CONTROLLED OSCILLATOR
CIRCUITS

All are capable of giving good frequency stability and
efficiency with careful design and adjustment. For the
benefit of the experimenter, the following suggestions are
given for circuit constants: L1, C1, depending upon fre-
quency band to be used; consult coil table for inductances,
using a 500-pufd. condenser at C. The grid condenser, C2,
may be from 100 to 250 yufd. in all circuits; its valueis not
generallycritical. Theplate blocking condenser, C3,should
be .002 ufd. or larger. Filament bypass condensers, Cs, may
be .002 ufd. or larger. For value of grid leak, R1, consult
tube table. In the ultraudion circuit, Cs, the excitation
control condenser, should have a maximum capacity of 100
to 250 ypfd. The output tank circuit, L3, Ce,in the electron
coupled circuit should be designed for low-C operation;
use a 250- or 100-uufd. condenser for Co and corresponding
inductance from the coil table for the frequency in use.

In the circuits using parallel feed, the r.f. choke coils
shown should not be omitted.

ground connection is
necessary, but simply
refers to the part of
the circuit which is at
the same radio-fre-
quency potential as
the earth, and which
therefore could be con-
nected to earth with-
out in any way dis-
turbing the operation
of the circuit. The
“grounded” part of
the circuit nearly al-
ways will be the part
which is connected to
the negative terminal
of the high-voltage
power supply. Parts of
the circuit at ground
potential usually are connected together with di-
rect wire connections or through bypass con-
densers, the latter being used when the two
parts so connected are at the same r.f. potential
but have different d.c. or a.c. voltages on them.

- +5.6. +HV.
ELECTRON-COUPLED

Frequeney Stability of Oseillators

A An oscillator incapable of maintaining a high
degree of frequency stability is characterized by a
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broad, creeping signal and a mushy or rough
note. Such a note causes needless interference
and is likely to result in trouble for the amateur
responsible for it, since the amateur regulations
call for a steady unmodulated or “pure d.c.”
signal.

The causes of frequeney instability can be
roughly divided into two groups, those which are
“‘mechanical” in nature and those whieh are
“dynamic.” Mechanical instability results from
variations in the circuit constants due to me-
chanical vibration and thermal effects. Mechani-
cal vibration will cause rapid fluetuations in
frequency by varying the spacing between con-
denser plates, the separation between coil turns
or the distance between the tube elements. These
are avoided largely by rigid construction and by
reducing the vibration. Frequeney fluctuation
(*ereeping”) due to thermal effects results from
variation in spacing of the tube elements (varia-
tion in inter-element capacity) with changes in
temperature. Creeping can be minimized by keep-
ing the power dissipated in the tube at or below
its normal rating, by choosing tubes having inter-
nal construction particularly intended to reduce
frequency-creeping, and by using circuits which
have large capacities in parallel with the tube’s
input and output capacities. Such circuits are
popularly known as “High-C” circuits. The use
of a large shunting capacity in the plate circuit is
particularly effective.

“Dynamic” instability is caused by anything
which affects the tube’s eharacteristics, especially
its plate impedance, during operation, A varia-
tion in plate impedance will cause a change in
frequency. The principal cause of dynamic fre-
quency instability — sometimes called “fre-
quency flutter” — is the variation in plate voltage
which results when a poorly-filtered plate supply
is used. To prevent dynamic instability it is
essential that the plate supply be the best “pure
d.c.” obtainable and that the grid bias — or grid
leak — be sufficiently high in value. Moreover,
too much care cannot be exercised in adjusting
the grid excitation. Dynamic instability can be
reduced by careful circuit design and here again
the use of a High-C plate tank is very effective.
Such a tank circuit is eapable of reducing the
amplitude of frequency fluctuations with varia-
tions in plate impedance.

Oscillator Efficiency

A The characteristics of the load circuit (which
include the plate tank circuit and the antenna
eircuit or the input circuit of a succeeding tube
amplifier) and the losses in the grid circuit affect
the oscillator’s plate efficiency. The plate effi-
ciency is the ratio of radio-frequency power out-
put to plate power input. The losses in the grid
eircuit are largely the power dissipated by the grid
leak (because of the flow of rectified grid current
through the leak during the positive half-cycle of

excitation voltage) and the losses due to radio-
frequency displacement currents between the
grid and filament. The latter may be considerable
at high frequencies with tubes having large grid-
filament capacity.

There is no simple method of determining the
plate efficiency of a high-frequency oscillator,
sinee it is difficult to measure power accurately
at radio frequenecies. Rough calculations can be
made with the aid of incandescent lamps used as
dummy antennas (see Chapter Twelve). In gen-
eral, highest efficiency will be obtained by the use
of relatively high plate voltage and low plate
current for a given power input, by careful adjust-
ment of exeitation, and by the use of a grid leak
of sufficiently high resistance to bias the tube to
two or three times the plate current cut-off value.
The leak resistance needed depends upon the
characteristics of the tube; the tube table gives
optimum values. The bias under operating con-
ditions can be determined by measuring the cur-
rent flowing through the leak; the bias voltage
will be the product of the leak resistance times the
d.c. grid current expressed in amperes.

A Practical Oscillator Transmitter

A Although experienced amateurs prefer the
crystal-controlled oscillator-amplifier type of
transmitter, the beginner often looks with favor
on the simple self-controlled oscillator because it
is quite easy to build, and will give a moderate
power output with little expense. It is a fact, too,
that excellent results ean be obtained provided
the oscillator is adjusted and operated with care.
Since the oscillator can be adjusted to any fre-
quency within the range of its tuning apparatus,
particular care must be taken to be certain that
it is tuned to a frequency within an amateur band.
The frequency stahility is also at the mercy of
many external factors, so that careful attention
must be paid to those adjustments which mini-
mize frequency variations under operating con-
ditions. Before attempting to put sueh a trans-
mitter on the air the information on frequency
measurement and monitoring in Chapter Six
should be thoroughly digested. A monitor, in
fact, is a prime necessity if the oscillator trans-
nitter is to be operated properly.

There are many ways of mounting the parts
of a transmitter to give good electrical perform-
ance. Many amateurs use vertical panels with
apparatus mounted on frames or racks, as the
illustrations in the chapter on station layouts will
show. For the simple transmitter, however, the
“breadboard”’ type of construction, in which all
parts are mounted on a flat baseboard to give
short leads and effective placement with respect
to each other, is the simplest and most satisfac-
tory. It is inexpensive and lends itself readily to
experimenting with different circuits and parts.
The low-power transmitter shown in Fig. 702 is
an example of breadboard construction.
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This transmitter is perhaps the simplest and
most nearly fool-proof ever designed. It contains
the very minimum of parts and is therefore ex-
tremely low in cost. The construction is in no

tween the condenser and the coil are made by
pieces of copper tubing, since the leads in the
tank cireuit must be as heavy as the inductance
itself. The connection to the insulator at the rear
of the baseboard should be from the

rotary plates (the condenser frame);
that to the front insulator goes to the
stationary plates.

The plate by-pass condenser, Cy, is
mounted close to the tuning con-
denser on the baseboard. The radio-
frequency choke, Ly, is just hehind
it. The filament by-pass condensers,
('3, are directly behind the tube
socket. The purpose of these con-
densers is to provide an easy path
for radio-frequency currents flowing
to the filament of the tube, which
would otherwise have to go through

FIG. 702 — THE LOW-POWER SINGLE-TUBE TRANSMITTER
The plate tank circuit is at the left. The grid coil, leak and grid
condenser are to the right of the Type 10 tule. The antenna coil is
shown swung away from the plate coil to give loose antenna con-

pling.

way complex and the adjustment is easily ac-
complished by even the inexperienced operator
if the detailed tuning instructions are carefully
followed. The circuit is the TN'T.

The frequency is determined by the tuning of
the plate tank eircuit and the excitation is depend-
ent on the constants of the grid circuit. Since one
excitation adjustment is satisfactory over a con-
siderable range of plate-tank tuning, it is possible
to use a fixed coil in the grid circuit for each ama-
teur band. An antenna coupling coil is provided
in the set but an external antenna tuning con-
denser (perhaps two of them) will usually be
found necessary, depending upon the type of
antenna used. The set is designed for a Tvpe 10
tube with a 500-volt d.c. plate supply and a 7.5-
volt a.c. filument supply, a Type 45 tube with a
350-volt d.c. plate supply and a 2.5-volt a.c.
filament supply, or a Type 01-A tube with a 135-
volt d.c. plate supply and a 6-volt d.c. filament
supply.

Construction of the Set

A The schematic wiring diagram is given in Fig,
703, together with the constants, and the photo-
graphs show how the set looks when construeted.
The layout chosen is one which allows short r.f.
leads.

The baseboard is 124 inches long by 10
inches wide. Two poreelain stand-off insulators
are mounted at one end, as shown in the photo-
graphs, to support the plate coil, L;. These insu-
lators should be placed 414 inches apart hetween
centers. This mounting is very solid mechanically,
and allows easy changing of coils. The tuning
condenser (', in this case a 21-plate Cardwell, is
mounted on small brass angles. Connections be-

the resistor /2;. When the filament of
the tube is heated from alternating
current the “center-tap" resistor is
necessary to avoid having the alter-
nating voltages on the filament reach
the grid, for this would cause modu-
lation or “ripple” on the transmitted signal. The
voltage at the leads to the filament is constantly

TYPE 10
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FIG. 703 — THE CIRCUIT OF THE TRANSMITTER

I, L2 and L3 — Plate, grid and antenna coils. The

specifications are givren under the illustration

of the coils.

commercial “short-icave’® receiving-tvpe

radio-frequency choke will do or one can be

made by wcinding a two-inch length of half-

inch tubing or wooden dowel with No. 34 d.s.c.

or d.c.e. cire.

C2 — 2000-ppfd. (.002 ufd.) mica fixed condenser, re-
ceiver type, if plate roltage does not exceed 500.

C3— 5000-pufd. (005 ufd.) mica fixed condenser,
receiver type.

Cy— 250-pufd. (00025 pfd.) mica fixed condenser,
receiver type.

Cs— 500-ppufd. (.0005 pfd.) variable condenser. Any
Rood receiving condenser will be satisfactory.

R1 — Center-tapped resistor, 75 to 100 ohms total
resistance,

R2 — Grid-leak resistor, 10,000 0hms for Type 10. Con-
sult tube table for value with other types of
tubes.

Li— A4

Three General Radio or similar stand-off insulators
will be necessary, as well as 8 Fahnestock clips, some
miscellaneous small mnachine screws and nuts, and a
Jew feet of hus wire.
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changing at the 60-cycle supply frequency but the
voltage at thecenter point of the resistor R, is con-
stant. Another method of accomplishing the same
result is to use a center tap in the filament-supply
winding of the transformer. The center-tap resistor
arrangement is sometimes preferable, however,
since it permits the use of a filament rheostat in
the secondary of the filament transformer instead
of the primary. Rheostats for the secondary wind-
ing are more readily available than the other
type.

The grid condenser, Cy, and leak, I%, are to
the right of the filament by-pass condensers. The
condensers in this set are mounted flat by means
of machine screws running up through the base-
board. The filament center-tap resistor, Iy, is
mounted directly on top of the filament by-pass
condensers.

All connections are run to the rear of the board
where they terminate in Fahnestock clips. From
left to right in the photograph, the first pair of
clips is for antenna or feeder connections, the
second for “plus” and “minus” high voltage,
the third for filament supply and the fourth pair
for the key. The wiring of the whole set is quite
simple, and in case it is to be duplicated no diffi-
culty should be experienced in following the dia-
gram and photographs.

The plate coils, L;, are Y4-inch soft copper
tubing, wound around a pipe 234 inches outside
diameter. The ends of the coils are flattened in a
vise and drilled to fit over the machine screws
in the mounting insulators. The 3500-ke. coil
should have the turns so spaced that when fin-
ished it will just fit on theinsulatorswithout having
the ends bent out, as is done on the

Tuning the Transmitter

A The tuning of any transmitter is a matter of the
greatest possible importance. The performance of
even the best transmitter can be spoiled by the
slightest misadjustment, and on the other hand
almost any transmitter can be made to perform
well by an amateur experienced in the work.
Even the most experienced amateur, however,
cannot tune the transmitter effectively unless he
is able to listen to it as he adjusts the controls.
The use of some sort of monitor to listen to the
signal as the transmitter is tuned is essential. A
detailed description of a simple monitor will be
found in Chapter Six. It should be studied and a
monitor built before any attempt is made to tune
the transmitter.

In addition to the monitor, an extremely desir-
able aid to tuning is a ‘“tuning lamp.” This is
nothing more than a flash-lamp bulb connected in
series with a single turn of wire about two or
three inches in diameter. In use, the turn of wire
is coupled to the tank coil of the oscillator or
amplifier and induced currents cause the lamp to
glow. With practice, it soon becomes possible not
only to detect the presence of r.f. current in the
tank coil with such a lamp but also to gain a very
useful idea of the amount of r.f. energy in the
tank.

Before the transmitter can be tuned, it is ob-
viously necessary to have available a suitable
power supply, antenna and keying circuit. The
350-volt power supply described in Chapter Ten
is an excellent one to use with this transmitter
when the tube is a Type 45. This power supply

coils for the higher-frequency bands.
The spacing between turns on the
7000-ke. coil is about 3/16-inch, and
on the 14,000-ke. coil about 74-inch,

The grid coils, Ly, are wound with
No. 30 d.c.c. wire on 2V4-inch lengths
of l-inch tubing, which may be of
Bakelite, paper, wood or any other of
the common insulating materials. The
coils should be given a coat of collo-
dion or elear Duco varnish to maintain
their characteristics. Two small brass
angles serve both as connections and
supports for these coils, the ends of the
winding being brought out to small
machine screws inserted at the ends
of the coil forms.

The antenna coil, made in similar
fashion to the tank coils, is mounted
on an insulator immediately behind
the tank condenser. Connection to the
far end of this coil is made by means
of a clip and a small piece of flexible
wire. The coil may thus be swung
away from the plate tank coil in order

to vary the antenna coupling. text.

FIG. 704 — PLAN VIEW OF THE TRANSMITTER

The antenna coil, L3, is to the rear of the plate inductance. The
fixed condenser, C2, and the radio-frequency choke are behind the
tuning condenser, Cs. The two fixed condensers behind the socket
are the filament by-pass condensers C3. The filament center-tap
resistor, R1, is mounted on top of these condensers. The grid con-
denser, Cs, and grid-leak resistor, R2, are to theright of the socket.
The grid inductance, L2, isin front of the grid condenser and leak.
The connections to the Fahnestock terminals are explained in the
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may also be used to supply plate voltage for a
Type 10 oscillator, in which case a separate 7.5-
volt filament transformer for the 10 will be re-
quired. Alternatively, a 550-volt supply for a
Type 10 tube may be built up from the informa-
tion given in Chapter Ten. Most 550-volt power

—
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F1G. 705 — THE PLATE AND GRID COILS

A description of these coils is contained in the text,
while the number of turns on each is given belorw.

Coil Band Turns
r-1 3500 12
r-2 7000 5
r-3 14,000 3
G-1 3500 60
G-2 7000 25
G-3 14,000 9

For the 1750-kec. band, a plate coil of 25 turns of No.
14 d.c.c. on a 3'' diameter form with spacing hetiwceen
turns equal to the diameter of the wire; a grid coil of
150 turns on the same size form as the other grid coils.
The number of turns on the grid coils may require
some modification. Turns should be added or re-
moved until the set operates stably and efficiently
over the required frequency band.

The antenna coil is of 6 turns exactly similar to
those used in coil P-1. A clip on this coil enables the
best number of turns to be selected.

transformers intended for radio use have 7.5
volt filament-heating windings for the oscillator
or amplifier and rectifier tubes, in addition to the
plate windings. If a Type 01-A receiving tube
is used, the plate supply can be a 135-volt “B3”’
substitute or 135 volts of “B” batteries. Fila-
ment supply can be from a 6-volt battery, through
a 6-ohm rheostat.

It will be assumed that the oscillator coils and
leads have been made rigid; that the transmitter
itself has been mounted in such a way as to es-
cape vibration from keying and that the antenna
and feeder wires have been made tight enough to
avoid any swinging in the wind. We are ready to

start tuning only after all these matte}s have been
given attention. Even then, we cannot expect to
do a good job of tuning the set unless we have one
or more meters. Of greatest importance is a plate
current meter in the positive high voltage lead to
the transmitter. Without such a meter, we have
no idea of the power input and so are in danger of
wrecking the tube and possibly other equipment
right at the start. For a single tube transmitter
like this one, the plate meter might well be a d.c.
milliammeter reading to 100 ma. The other very
desirable meter is a thermo-couple ammeter to
be connected in the antenna or feeder circuit; its
reading will give a good indication of changes of
power in the antenna with changes in the trans-
mitter adjustment. It is possible to dispense with
the antenna meter and still tune the transmitter
effectively if the operator is prepared to pay very
careful attention to the plate meter and to make
use of the tuning lamp.

Assuming that at least a plate meter is in the
circuit, the first move is to switch on the filament
supply, make certain that the tube lights, and
then check the voltage at the filament terminals.
Excessive filament voltage will soon ruin any
tube. Then the antenna leads should be discon-
nected, the key opened and the plate tank tuning
condenser set to approximately the correct posi-
tion. If the constructional specifications have
been followed closely, this setting will be with the
rotor plates about four-fifths meshed for the 3500-
ke. band; about three-quarters meshed for the
7000-kc. band; and about half meshed for the
14,000-ke. band. The antenna system should
have been constructed to specifications for a fre-
quency in one of the bands, preferably for about
3575 ke. in the 3500-ke. band.

Tuning for operation on the 3500-kc. band
(with the 12-turn plate coil), set the condenser
with the rotor plates four-fifths in, turn on the
power supply and close the key. If the tuning
lamp is now held near the front end of the plate
coil the bulb should glow, indicating that the set
is oscillating. The loop should not be held too
close to the coil, however, because the bulb is
likely to burn out. The frequency should now be
checked with the frequency meter following the
method described in the preceding chapter. If
the frequency is outside the band, the trans-
mitter should be retuned to a frequency inside
the band.

During this process the plate current milliam-
meter should be watched to make certain that the
plate current falls to a minimum as the plate tank
is tuned to the desired setting. Should this mini-
mum point occur at a frequency much lower than
that desired, it is an indication that the grid coil
has too many turns. If the minimum point occurs
at too high a frequency, it shows that the grid
turns should be increased. This trouble is not
likely to happen, however, if the constructional
specifications are followed carefully.
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Coupling the Antenna

A With the oseillator operating on the desired
frequency, the feeder or antenna may be con-
nected and the antenna coil swung at an angle of
about 45 degrees to the plate coil. As the antenna
or feeder eondensers are tuned it will now be
found that the plate current rises as the antenna
comes into tune with the oscillator. Also it will be
seen that while the tuning lamp bulb may glow
brightly (when the loop is placed near the tank
coil) with the antenna detuned, it will become
dim as the antenna comes into tune and takes
power from the tank. These effects of the rising
plate current and the dimming tuning lamp are
of the greatest assistance in tuning the antenna
eircuit when no antenna meter is available. With
an antenna ammeter, of course, it is merely neees-
sary to tune the antenna or feeder cireuit for
maximum meter reading in order to locate the
point of resonance.

The next adjustment to be made is that of
antenna coupling. It must be kept closely in mind
that there is an optimum value of coupling which
allows the greatest transfer of power from the
tank circuit to the antenna. Closer coupling than
this results in lowered efficiency and, in the case
of the self-controlled self-excited transmitter,
invariably destroys the quality of the transmitted
signal. Excessive coupling usually can be detected
by the existence of two settings of the feeder or
antenna condensers at which the feeder or antenna
current rises to a peak. In a transmitter of this
type, the antenna coupling must always be less
than the optimum value just mentioned. Experi-
ence has shown that it is a good plan first to get
the optimum coupling for greatest output and
then to reduce the coupling until the feeder or
antenna current reads about 85 per cent of the
first value. Then, the antenna or feeder cireuit
should be detuned until the current drops a
further 10 or 15 per cent. These adjustments
should only be made while listening to the signal
on the monitor since the most unexpected things
may happen to the quality of the signal and its
frequency. The signal quality is usually better
with the antenna circuit detuned on one side of
resonance than on the other.

It is difficult to give definite instructions with
respect to the proper plate current since this de-
pends so much on the plate voltage and on the
manner in which the transmitter is adjusted.
When the oscillator is operated at high efficiency,
the input can be carried above the 500 volts and
60 ma. at which the Type 10 tube is rated.
About the only practical procedure is to keep a
careful watch for heating of the tube plate. Even
a dull red plate is indication of excessive plate
dissipation. The remedy is either decreased plate
current or improved efficiency.

Finally, bear in mind always that the foremost
aim of transmitter adjustment is that of obtain-

ing a clean, steady signal. “Forcing"” the trans-
mitter to get the maximum possible output defi-
nitely does not pay. Reducing the antenna cur-
rent by as much as fifty per cent means only a
barely perceptible decrease in signal strength —
none at all, many times — but it may mean the
difference between a good signal and a poor one.
A steady, pure signal will be much more easily
copied by receiving stations than a chirpy, wob-
bly one, to say nothing of lessened interference to
other stations. Continuous and vigilant monitor-
ing, combined with intelligent and careful adjust-
ment, is the price of a good signal from the self-
controlled oscillator transmitter.

Curing Unsteady Signals

A The oscillation frequency of a self-controlled
oscillator is very sensitive to slight changes in
circuit constants. Several eauses of frequency in-
stability have already been mentioned in the
discussion on oseillators, but it is well to review
them at this point.

Tirst there is the frequency creep due to heating
of the tube or other apparatus in the set. This can
be reduced to a minimum by tuning the set for
greatest efficiency. The greater the antenna power
for a given input the less will be the heating of
the tube. The aim is, therefore, to keep the input
at or below the rated value and to tune the set
until the tube operates with the least heating.

The detuning of the antenna circuit mentioned
in the paragraphs on tuning does not result in
appreciably lowered efficiency in the tube. When
it is said that the greatest antenna current should
be obtained for a given input to keep the tube
eoolest it is meant that the greatest antenna
current with the anlenna detuned in the manner
described should be obtained. When the antenna
is detuned the plate current drops; there may be
an actual increase in the tube efficiency under
these conditions despite the fact that the output
islowered.

Another common cause of frequency instability
is vibration or swinging of the antenna or feeders.
The effect of such vibration or swinging is reduced
considerably by the detuning of the antenna
eircuit but it is essential that the antenna be
supported in such a way that it is steady evenina
high wind. This point will be given consideration
in the chapter on antennas.

Leaky insulation also is often a serious offender.
Not only can a leak destroy the character of the
note but it can be responsible for a wobbly fre-
quency. Trouble of this type often can be de-
tected by removing the antenna circuit and listen-
ing to the transmitter in the monitor. Sometimes
the leak is visible in the form of a thin are. If the
leak is through Bakelite a swelling on the surface
of the insulation often will be noticed.

Perhaps the most common cause of all is vibra-
tion of the coils or wiring. A vibration which
results in serious frequency instability often is too
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slight to be noticeable. The coils and wiring should
be watched very carefully during operation to
make sure that the movements
of keying, the humming of a
transformer or the vibration of
a generator are not transmitted
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recognized after inspection. The push-pull tuned-
plate tuned-grid and TNT are perhaps muost
widely used by amateurs because
of the simplicity of construction
and adjustment. The push-pull
Colpitts requires two tuning con-

to the set. Mounting the set on
rubber sponges often will aid in
the elimination of the trouble.
Power supply apparatus had
best be built separately from the
transmitter itself and located on
a separate table or on the floor.

It is only by careful and pro-
longed attention to such details

densers (or a split-stator con-
denser) and provides no means of
excitation control except through
variable grid condensers. The
push-pull Hartley is seldom used
because the large number of taps
on the coil makes a cumbersome
mechanical job with the small

that the performance of the
transmitter can be maintained
at a high standard.

Using Two Tubes
A If one wants more power out-
put from the transmitter than
one tube can give and yet does
not wish to go to the expense of
installing the next larger size of

coils used in High-C circuits.
The unity-coupled circuit re-
sembles the Hartley except that
separate coils, very closely cou-
pled, are provided for the grid
and plate circuits. In actual
practice the grid coils are similar
to the copper-tuning coils shown
in I'ig. 705, while the plate coil
is made of small, well-insulated
wire run through the center of

power tube, it is possible to use
two tubes in parallel or push-
pull to double the power output.

Tubes connected in parallel have
their plates, grids and filaments
respectively connected together;
the oscillatory circuits used with
them are otherwise exactly the
same as for one tube. The push-
pull oscillator circuits correspond

the tubing. A hole is drilled in
the center turn of the copper-
tubing coil to allow 2 connection
to be made to the center of the
plate coil inside. Where a large
number of turns is required, as
for a 1750-ke. coil, the two coils
may be wound of No. 14 wire on
an insulating form, one coil be-
ing wound hetween the turns of

to the push-pull amplifier circuits
so common in present-day broad-
cast receivers; that is, the tubes

are in effect connected in series
in both input and output cir-
cuits. Although the total power
output is the same with either
method of connection, in actual
practice the push-pull arrange-
ment is preferable for oscillator
circuits at the high frequencies
used by amateurs.

Several push-pull circuits are
givenin I'ig. 706. Their similarity
to the fundamental circuits from
which they are derived will be

+HY

FIG. 706 — PUSH-PULL SELF-CONTROLLED
OSCILLATOR CIRCUITS

Circuit constants are much the same as those for
the single-tube circuits given in Fig. 701. Tank tuning
condensers, C1, should have a maximum capacity of
500 pufd. Specifications for L) may be taken from the
coil table, or coils similar to the copper-tubing coils
shown in Fig. 705 may be used. Since the two tubes
are in series in a push-pull circuit, the tank circuits
can use a sommewhat higher LC ratio than is generally
recommended for single-tube circuits without detri-
ment to the dynamic stability. The actual condenser
capacity in use should be approximately 250 uufd. at

UNITY -COUPLED

the other.

Adjustment of the push-pull
oscillator is carried out in exactly
the same way as the single-tube
oscillator, the antenna tuning be-
ing particularly important. The
same precautions must be taken
against vibration and excessive
tube heating. Plate tank circuits
must also have a suitably high
ratio of capacity to inductance.

The Crystal-Controlled
Oscillator

A In the discussion on tuning
the self-controlled oscillator we

the operating frequency, and coils may be propor-
tioned accordingly. Grid condensers, C2, may be 100
to 230 ppfd., except in the Colpitts circuit, where
variable condensers (Cs) having a maximum capacity
of 50 pufd. should be used, the correct operating value
being determined by experiment. Plate blocking and
filament bypass condensers, C3 and C4, should be
002 ufd. or larger, although the values are nat
critical.

Theresistance of the gridleak, K1, will in general be
half that recommended in the tube table for a single
tube. Slightly higher values may be found to give
better efficiency and a better note.
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have seen that the utmost care must be used
to safeguard such an oscillator against frequency
instability with its resultant bad effects on the
character of the emitted signal. Most of these
precautions are obviated by the use of the crystal-
controlled oscillator. In the crystal oscillator vari-
ations in inductance, capacity or resistance have
almost negligible effect on the frequency of
oscillation.

The reason for this is that the frequency-
controlling element is a small slab of piezo-clectric
crystal (usually quartz) which, because of its
electro-mechanical properties, will oscillate at a
frequency determined almost entirely by its di-
mensions. When it is properly connected in the
controlling oscillator circuit, the line voltage can
vary, the antenna can swing, and the tubes may
heat without seriously affecting the output fre-
quency of the transmitter. A ripple in the plate-
supply voltage will cause amplitude modulation
of the output of such an oscillator but can cause
practically no frequency flutter. For this reason,
the note produced by a transmitter driven from a
properly adjusted crystal-controlled oscillatorisal-
ways of a piercing musical character. Suchanoteis
unmistakable evidence of a good amateur station.

Before considering the circuits of crystal-con-
trolled oscillators let us examine the crystals
themselves.

Crystal Cuts and Grinding

A A quartz crystal has three major axes, desig-
nated X, Y and Z. The Z axis is the optic axis.
The Y axis is the mechanical axis. The X axis is
the electric axis and is the one used as a reference
in designating the cut of the plates used in oscil-
lators. A plate cut with its major surfaces per-
pendicular to an X axis is known as an X-cut
plate. This cut is also referred to as the ‘“per-
pendicular” and ‘““Curie” cut. Plates cut with
their major surfaces parallel to an X axis are
known as “Y,” “parallel,” and ““30-degree” cuts.
The most accepted terms for these two cuts are
X-cut and Y-cut.

Each of these cuts has characteristics of its
own and these characteristics determine its
suitability for different services. For a given fre-
quency, an X-cut plate is thicker than a Y-cut
plate. The X-cut plate has but one major fre-
quency of oscillation which is a function of its
thickness but a Y-cut plate sometimes has two,
generally a kilocycle or so apart. The Y-cut plate
is usually the more ready oscillator, although
properly ground and mounted plates of either cut
oscillate quite persistently in well-designed power
circuits. The X-cut plate is more generally used
in power oscillators, although many amateurs
have a preference for the Y-cut.

When a finished erystal or unground blank is
purchased, a statement of the cut should be ob-
tained from the seller. This is particularly im-
portant when a blank is purchased because the

grinding cannot be done so easily if the ratio of
thickness to frequency is not known. For X-cut
plates fXt=112.6 and for Y-cut plates f Xt =77.0,
where f is the frequency in kilocycles and ¢ is the
thickness in inches. I'rom these relations the
thickness for a desired frequency of a crystal
of known cut can be determined quite accurately
by measurement with a good micrometer such as
the Starrett No. 218-C, 14 inch. This tool also
can be used to make sure that the crystal is the
same thickness at all points and that bumps or
hollows are not being ground in. The best crystals
are about 1" square, perfectly flat, and the two
major surfaces are parallel.

Since the thickness of an oscillating crystal is
inversely proportional to its frequeney, the plates
become very thin and fragile at frequencies above
those in the amateur 3500-kc. band. For this
reason the most satisfactory amateur crystals
are those ground for the 1750-ke. and 3500-ke.
bands. If the transmitter is to be operated on the
3500-kc. and higher frequency bands only, a
crystal having a suitable frequency in the 3500-ke.
band will be best. The higher frequencies are ob-
tained from such a crystal by means of the har-
monic generators or frequency doublers to be
described further on. Crystals for the 7000-ke.
band are used by many amateurs, although they
must be handled more carefully than the lower-
frequency plates. With suitable oscillator circuits,
however, they are quite reliable and the elimina-
tion of an extra transmitter stage may be worth
while at the higher frequencies. Even 14-me,
crystals are obtainable, although their fragility
has prevented them from coming into general use.

Grinding is usually done by rotating the crystal
in irregular spirals on a piece of plate glass
smeared with a mixture of No. 102 carborundum
and water or kerosene. It is better to have the
crystal stuck to a perfectly flat piece of thin brass
or a glass microscope slide than to bear down on
the surface of the crystal with the fingers. Even
pressure over the whole area of the crystal is
essential for flat grinding. The erystal will stick
to the flat brass plate or slide if the top of the
crystal is moistened with kerosene. The crystal
should be frequently tested for oscillation in a test
circuit such as one of those shown in Fig. 707. If
the crystal should stop oscillating during the
grinding process the edges should be ground
as indicated in the illustration of an X-cut plate.
The frequency also can be checked by listening to
the signal in a receiver and measuring the fre-
quency as described in Chapter Six. When the
frequency is within a few kilocycles of the desired
value it is well to use a finer grade of carborundum
powder for finishing. The FF and FI'F grades are
suitable for the final grinding.

Crystal Mountings

A To make use of the piezo-electric oscillation of
a quartz crystal, it must he mounted between two
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metal electrodes. There are two types of mount-
ings, one in which there is an air-gap of about
one-thousandth inch between the top plate and
the crystal and the other in which both plates are
in contact with the crystal. The latter type is
simpler to construct and is gencrally used by
amateurs, It is essential that the surfaces of the
metal plates in contact with the crystal be per-
fectly flat. Satisfactory mountings can be pur-
chased from most dealers in ecrystals or can be
made up by the amateur.

The simplest way for the amateur to rig his own
mounting is to make up two flat brass plates,
the crystal being placed on one of them and the
other being arranged to rest on the crystal with
no more pressure than that provided by the weight
of the brass. A crystal mounting of this type is
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FIG, 707 — RELATION OF

THE AXES OF AN X-CUT
QUARTZ PLATE

illustrated. The plates preferably should be
turned flat in a lathe and then ground to a fine
finish. Successful plates can be made, however,
by cutting them with a hack-saw from 14"-thick
hrass plate, then grinding them in much the same
way as the crystal would be ground. A suitable
size for the top plate for a 1750- or 3500-ke. crys-
tal is about 1’ square. The bottom plate may be
made large enough to accommodate the whole
mounting, as shown. Crystals for the 7000- and
14,000-ke. bands generally require special top
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FIG. 708 — SIMPLE FORM OF CRYSTAL HOLDER

The flat brass bottom plate may be round or square,
whichever is more convenient. The center part of the
inner piece of bakelite is cut out to allow the crystal
to rest upon the bottom plate. The top piece is solid
and completely encloses the crystal and top plate.
Three-sixteenths or quarter-inch bakelite should be
used for the inner piece. The brass plates should be
1/16- or Yg-inch stock.

plates, usually circular and smaller in diameter
than the crystal itself, for best operation.

Though it is possible to operate the crystal
merely by arranging the plates and the crystal in
the form of a sandwich on a piece of insulating
material or on the table top, it is a very much
hetter plan to make up some form of holder out of
which the erystal or plates cannot be jarred. The
arrangement illustrated in Fig. 708 is one suitable
type. Connection to the upper plate can be made
by means of a very light leaf of spring brass but
a small spiral of very fine copper wire usually is
more satisfactory. This wire can be soldered to the
plate if care is taken to use an absolute minimum
of heat in the soldering process to avoid warping
the plate.

Grit or an oily film on the surface of a erystal
will affect its operation and will sometimes pre-
vent oscillation. The crystal should be cleaned
whenever erratic behavior or stoppage of oscil-
lation gives evidence of a dirty condition. Carbon
tetrachloride (Carbona) or grain alcohol are the
best cleaning fluids. Plain soap and water will do
quite well, however. Handling of the crystal is
especially likely to give it an oily surface, and the
erystal should always be cleaned after it has been
touched by the hands.

Crystal Oscillator Circuits

A Power crystal oscillators operate as tuned-grid
tuned-plate circuits, with the crystal replacing
the grid tank circuit. Other fundamental circuit
arrangements are possible, but have not met with
much favor for power work. The simplest crystal
oscillator circuit is the triode circuit shown in
I'ig. 709. When the plate tank circuit is tuned to a
frequency slightly higher than the natural fre-
quency of the crystal, the feed-back through the
grid-plate capacity of the tube excites the grid
circuit, and the erystal oscillates at approximately
its natural frequency.

The power obtainable from the crystal oscil-
lator will depend upon the type of tube used, the
plate voltage, and the amplitude of vibration of
the crystal, or more precisely, the amplitude of
the r.f. voltage developed as a result of the
mechanieal vibration. If the feedback voltage is
too great, the mechanical strain in the crystal asa
result of vibration will cause the crystal to heat
considerably and may eventuslly cause cracking,
ruining the erystal. In the simple oscillator triode
circuit of Fig. 709, the limit of plate voltage that
can be used without endangering the crystal is
about 250 volts, although this figure will vary
with the crystal itself, its mounting, and the type
of tube used. Tubes with low amplification fac-
tors — the 45, for instance — should be operated
at lower plate voltage than tubes with medium or
high u’s, because low-u tubes require a relatively
large exciting grid voltage for a given output.

The power output that can safely be taken
from the crystal oscillator can be increased by
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the use of special circuits or tubes having more
suitable characteristics than the simple triodes.
A pentode is especially desirable because of its
low grid-plate capacity (which reduces the feed-
back) and the fact that it is capable of delivering
fairly large power output with a small exciting
grid voltage. The pentode tubes designed for audio
power work, such as the 47, 2A5, 41, 42, and 59
(with proper element connections), are excellent
crystal oscillator tubes. For a given plate voltage
the crystal heating will be less with a pentode
than a triode as the oscillator tube; alternatively,
for the same amplitude of crystal vibration,
higher plate voltages can be used with the pen-
todes, resulting in greater power output. A typical
pentode oscillator circuit is shown in Fig. 709.
It has been found best to operate the screen grid
of the tube at approximately 100 volts; plate
voltages up to 500 may be used without danger
to the crystal.

Crystal heating is not only undesirable from
the standpoint of safe operation; the frequency of
oscillation is dependent upon the temperature of
the erystal, and when the crystal heats up the
frequency will creep. The temperature coef-
ficient of X-cut plates is negative, that is, the
frequency goes down with rising temperature.
The temperature coefficient for 30-degree cut
plates is positive, the frequency increasing with
rising temperature.

Since the crystal is a single-fre-
quency device, many circuits have
been devised to obtain harmonic
output from the oscillator tube. One
of the most successful is the “tri-tet”
oscillator, which utilizes a multi-
clement tube to act both as oscilla-
tor and frequency multiplier. The
circuit is shown in Fig. 709, arranged
for use with a screen-grid tube hav-
ing an indirectly-heated cathode,
such as the 24-A. In the tri-tet os-
cillator circuit the screen grid is

TRIODE
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operated at ground potential while
the cathode assumes an r.f. potential
above ground, hence the desirability ,
of a cathode which can be isolated .
from the filamentsupply. Thescreen-
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. If the output circuit is to be tuned
to the same frequency as the oscil-
lator, a well-screened tube such as
the 24-A must be used otherwise the
tube will oscillate as a t.p.t.g. oscil-
lator. For harmonic generation only
the 59 or 2A5 tubes will deliver good
output, but are not sufficiently well
screened for fundamental operation.
Because of the way in which the cir-

TRI-TET
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cuitoperates, a relatively large r.f. voltage appears
across the crystal under some conditions. This
will cause heating of the crystal if certain operat-
ing precautions are not observed. The cathode
tank eircuit, LyCs, should not be tuned to the fre-
quency of the erystal, as might be expected, but to
a considerably higher frequency. For example,
LsC; will be tuned to approximately 5000 ke.
when working with a 3500-ke. crystal, and the
circuit constants should be proportioned accord-
ingly. Tuning off in this manner not only reduces
crystal strain but usually also increases the out-
put on harmonics. The second factor affecting
crystal heating is the voltage on the screen grid,
which must be kept at the correct operating
value for the type of tube in use. This will be
discussed in detail in the practical examples of
tri-tet oscillators to follow.

Triode or pentode crystal oscillators are quite
simple to adjust. The plate tank circuit should, of
course, be designed to tune to the frequency of the
crystal. With plate voltage applied, the tank con-
denser should be rotated until the plate current
drops suddenly, indieating the start of oscillation.
A setting will be found which gives a minimum
value of plate current; the tank capacity should
be set to a slightly higher frequency than this,
however, since at the minimum plate current set-
ting a slight change in circuit constants may cause
the erystal to stop oscillating. With the load
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FIG. 709 — CRYSTAL OSCILLATOR CIRCUITS

In crystal oscillator output tank circuits it is generally advis-
able to use a fairly high LC ratio for best output and efficiency.
The plate tuning condensers, C1, may have a maximum capacity
of 100 to 150 pufd., with tank coils, Li, having suitable inductance
to make the circuit resonant at the crystal frequency. Coil
specifications can be taken from the coil table. The cathode
tank circuit, C3Lz2, in the Tri-tet oscillator is adjusted as described
in the text; the output circuit, C1L3, will be similar to the output
circuits used in the other crystal oscillators. Plate and screen by-
pass condensers, C2, may be .002 pfd. or larger. The resistance of
the grid leak, R1, may be taken from the tube table for the type
of tube in use except in the Tri-tet circuit, where a leak of 25,000
to 50,000 ohmns will be found advisable, especially if the output
circuit is tuned to @ harmonic.
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when the condenser is turned with
the plates fully interleaved. The
screen grid and suppressor grid of
the 59 are connected together at
the tube socket to act as a single
element.

The apparatus is mounted on a
baseboard measuring 10 by 14
inches. The two tuning condensers,
C: and C,, are mounted along the
front edge, each 215 inches in from
the edge, with C; at the left. The
grid and plate coils, L, and L,, are
mounted on small porcelain standoff
insulators located behind their re-
spective condensers.

The screen and plate by-pass con-

FIG. 710 — A SIMPLE CRYSTAL] OSCILLATOR SUITABLE FOR

LOW-POWER WORK

It will operate on two bands with a single crystal.

coupled to the oscillator the plate current will
rise; the coupling may be increased until the tube
is drawing normal plate current or until the oscil-
lator is delivering maximum power output. Too
great a load will cause the crystal to stop oscil-
lating or will make it refuse to start again, once
oscillations have stopped, without reducing the
load and going through the adjustments again.
The load always should be adjusted so that the
oscillator will start quickly every time plate power
isapplied.

Crystal oscillators also may be arranged to use

two tubes in push-pull, a pentode circuit being

given in Fig. 709. A circuit of this type is useful
for exciting a following push-pull amplifier on
the same frequency. Push-pull erystal oscillators
are not used to any great extent, however, be-
cause the push-pull connection balances out even
harmonics, which are the ones wanted in multiply-
ing frequency for operation on several bands with
one crystal.

A Practical Low-Power Crystal Transmitter
A 1t is not difficult to obtain an output of five
or more watts from a crystal oscillator, which
makes its use without auxiliary amplifiers per-
fectly practical for low-power work. Using the
tri-tet oscillator circuit for harmonic operation
and the regular pentode circuit for the funda-
mental, a single tube and crystal can be made to
work equally well on two bands so that a fair
degree of flexibility is obtained. A circuit diagram
of such an oscillator using a Type 59 tube is
given in Fig. 711. Photographs of the set appear
in Iigs. 710 and 712. Since interchangeable coils
are used, the transmitter can be used on any fre-
quency for which a crystal is available. The
change from tri-tet to pentode circuit is made
simply by short-circuiting the cathode tuning
condenser, Cy, which is done by bending the tip
of one rotary plate so that it touches the stator

densers, C; and C, respectively, are
mounted end to end just to the rear
of and between C, and the socket
for the 59 tube, by machine screws
which passthrough the condenser lugs to the under
side of the baseboard. The tube socket is mounted

59
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FI1G. 711 — CIRCUIT OF THE SINGLE-TUBE
CRYSTAL TRANSMITTER

Ci1, C2— 100-pufd. variable tank tuning condensers
(National Type ST-100).

C3, C4 — 0.005-pfd. fixed mico screen and plate bypass
condensers (Dubilier Type 3).

L1, L2 — Cathode and plate coils. See coil table.

L3 — Antenna coil; see text.

R — Grid leak, 50,000 ohms, 2-watt (I. R. C.).

RFC— High-frequency choke (National Type 100).

The key is connected in the negative lead at the
point marked with an “x.”

E.

it
LLIA

COIL DATA
Ne.  WireSize  Turns Diameter
1 22 d.c.c. 75 I54 inches
2 e 45 A PP
3 16 d.c.c. 40 “ i
4 6 e 18 . .
5 P 16 . ‘e
6 e 7 . .
7 6 e 3 e .
All coils close-wound.
Crystal Coilat  Coil ar Output
Frequency L1 L2 Frequency
1750-2000 ke. s No.1  1750-2000 k.
o e No. 2 0. 3 3500-4000 kc.
3500-3650 kc. s No. 3 3500-3650 kc.
oo No. 4 No. 5 7000-7300 kc.
7000-7200 kc. s No. 5 7000-7200 kc.
6w No. 6 No. 7 14,000-14,400 kc.

““s” indicotes short circuit across Ci1.
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slightly to the left of the center of the board to
accommodate the length of the by-pass con-
densers so mounted. The junction between ('; and
C. is used as a common “ground” point for the
circuit. Just behind and parallel to (s is the grid
leak, Ry, and next to it the radio-frequency choke,
RFC, which is connected between R; and the grid
of the tube. The tube socket is mounted with the
filament terminals (the two large holes) facing the
front edge of the hoard.

The socket for the crystal holder is mounted
behind the tube socket. Whether or not this type
of socket will be needed will depend upon the
type of crystal mounting used, of course. What-
ever the mounting, the same position is a good
location for the erystal.

Power supply connections are brought out to
a bakelite strip mounted flat on the baseboard
at the rear left-hand corner. Ordinary 6-32
machine screws are used as terminals. Five half-
inch holes in the baseboard underneath the screw
terminals give plenty of room for the serew heuds
and for running in the connecting wires. The
two terminals at the left are for the filament
supply; leads from the tube socket drop down
through the baseboard and run underneath to
the terminals. Next in line is the negative plate
supply terminal, which connects to the common
“ground” between (3 and (s mentioned pre-
viously. The second terminal from the right is for
the positive screen voltage; a wire from this
terminal under the baseboard connects to the
screen grid through the machine screw which
fastens the left-hand end of (3 to the baseboard.
. The extreme right-hand terminal is for the posi-
tive plate voltage; it is connected underneath the
baseboard to the machine screw which holds the
right-hand end of C; in place.

The output posts at the right are National
Type WGS insulators. Fahnestock clips are
mounted underneath the metal heads to hold the
antenna coil.

The self-supporting coils used with the trans-
mitter are wound with double cotton-covered
wire on a celluloid base. In making the coils, a
piece of sheet celluloid is wrapped around a card-
board tube of the proper diameter and held in
place with string or rubber bands; the winding is
then put on and given several coats of lacquer or
prepared coil dope. After drying, the excess
celluloid can be trimmed off and the coil ends
bent to fit the mountings. Winding data is given
under Fig. 711, together with information on
using the coils with crystals of various frequencies.
Limits of crystal frequencies for harmonic opera-
tion are indicated in the table; for operation at
the fundamental a crystal having any frequeney
inside the band can be used.

Tuning the Crystal Oseillator

A The tuning procedure is best explained by an
example. Let us suppose that the transmitter is

to operate on the 3.5- and 7-me. bands and that a
3.5-mec. crystal of appropriate frequency is avail-
able. The filament and plate voltages are con-
nected to the transmitter. The output frequency
is to be the same as that of the crystal. A 0-100
d.c. milliammeter connected in the plate-supply
“plus 350" lead will be helpful, as will also a neon
lamp for indicating oscillation. Coil No. 3 should
be used at I.. The first step is to set C; at maxi-
mum capaeity, thus making it short-circuit itself.
Then C, should be turned until there is a pro-
nounced dip in plate current, indicating the
heginning of oscillation. With a crystal of ordinary
activity, the minimum point of the plate current
dip will be in the neighborhood of 10 to 15 mil-
linmperes; when the tube is not oscillating the
plate current will probably be 60 or 70 milliam-
peres. It is generally better to set the condenser C;
at slightly lower capacity than that which gives
minimum plate current, because the oscillator
will be more stable under those conditions. The
antenna coil may then be coupled to L, and the
tuning adjusted to give maximum antenna or
feeder current. The method of antenna tuning
will depend upon the antenna system; complete
instructions are given in Chapter Twelve. The
oscillator plate current should rise to 40 or 50
millinmperes when the antenna cireuit is tuned to
resonance. After adjusting the antenna cireuit,
C, should be retuned to give maximum output
and to make certain that the oscillator “starts”
quickly each time the plate circuit is closed. The
transmitter should he keved and the signals mon-
itored to make eertain that the keying is clean.
It may be necessary to set (% slightly off the
maximum output point to get the necessary
keying stability.

To operate the transmitter as a Tri-tet with
output at twice the operating frequency, in this
case in the 7-me. band, coil No. 4 would be
connected at L; and coil No, 5 at L,. Condenser
("; should be set at about 759 of full scale and
(', at about 207 of full seale. Apply the voltages
and adjust (s for minimum plate current, which
should be 15 milliamperes or less. Touch a neon
bulb to the stator plates of C» and adjust ('; to
give maximnum glow. The tuning of ('} will be
quite broad, but there will be a definite region on
its seale over which the second-harmonic output,
as indicated by the brightness of the neon lamp,
will be greatest. Also, the frequency stability will
he best (no “creeping”’) with the lower eapacity
of (.. When these adjustments have been made
the antenna may be coupled and tuned as before;
it will not be found necessary to detune C from
the maximum out put point in this case, however.
The plate current should again be in the vicinity
of 40 or 50 milliamperes with the antenna
connected and tuned.

The tuning procedure for any other pair of
bands will be similar. The coil L; may be left in
place all the time, of course, sinee it will be shorted
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out when condenser C| is set at maximum capacity
for operation on the fundamental frequency of
the crystal.

The 350-volt power supply shown in Chapter
Ten can he used with this transmitter provided a
voltage divider is installed to give 100 volts for

have an indirectly-heated cathode, the oscillator
tank coil, L,, is inserted in series with one leg
of the filament. To maintain both sides of the
filament at the same r.f. potential, a second coil
identical with the first is inserted in the other
filament leg. The two coils must be coupled
together very closely, and must be wound

of fairly heavy wire to earry the filament
current. The coupling will be satisfactory
if the coils are wound side by side on the
form or if the turns of one are wound
between the turns of the other.

In this circuit provision has been made
for supplying a small positive voltage to
the suppressor grid, since it has been found
that the output of the tube is increased
by doing so. It is not necessary to go be-
yond the screen and suppressor grid volt-
ages indicated, since to do so will reduce
the efficiency and may possibly overload
the erystal.

Adjustment procedure for the high-
power oscillator is identical with that for
the oscillator of Fig. 711. The cathode
tank circuit is tuned to a frequency con-
siderably higher than that of the crystal.
The output cireuit, L,(',, is tuned to reso-

FIG. 712 — A TOP VIEW OF THE CRYSTAL OSCILLATOR
WITIHI THE TUBE AND CRYSTAL IHHOLDER REMOYED
The coils in place are those used to operate the transmitter

as a Tri-tet oscillator for 7000-kc. output from a 3500-ke.

crystal. The 3500-kc. output coil and the Bliley crystal holder

arein the foreground.

the sereen grid. A satisfactory divider can he
made by connecting a 7000- and 10,000-ohm
resistor in series across the output of the supply,
with the 7000-ohm unit at the negative side. The
tap between the two will give approximately
the correct voltage. It is important that the
screen voltage be kept as nearly as possible at
100 volts. Lower voltage will reduce the output
while higher voltage is likely to cause the tube to
heat and perhaps stop oscillating after a few
minutes’ operation.

High-Power Crystal Oscillators

A Pentode-type power tubes lend themselves
well to use as high-power crystal oscillators of the
tri-tet type. The RK-20 tube is especcially suit-
able, since the r.f. exciting grid voltage required
for full output is very small. As a result the tube
can be made to deliver outputs of the order of 60
watts on the fundamental and 30 watts on the
second harmonie, while working well within the
power-handling limitations of the ecrystal. A
circuit diagram of such an oscillator is given
in Fig. 713.

The circuit of Iig. 713 is much the same as
that of the low-power oscillator of Fig. 711, with
a few changes necessitated by the characteristics
of the larger tube. Since the RK-20 does not

nance cither at the fundamental or a
harmonie, (', then being adjusted for
maximum output. The antenna tuning
and coupling will be adjusted in accord-
ance with instructions given in Chapter
Twelve for the type of antenna system
in use,

It is advisable to obtain the screen and sup-
pressor grid voltages from a voltage divider -
across the plate supply. The sereen-grid tap on
the divider should be adjusted to give 400 volts
or a current of 30 ma. under operating conditions.
The plate current at full load should be between
80 and 100 milliamperes.

Oscillator-Amplifier Trunsmitters

A The progressive amateur will not be long con-
tent with a simple self-controlled oscillator trans-
mitter, nor is it likely that he will care to continue
indefinitely with a erystal oscillator of limited
power output. As has already been explained, the
crystal oscillator is practically a single-frequency
device; it has a high order of dynamic stability
and is free from frequency variations with minor
changesin circuit constants. At the present state of
theart, however, the crystal oscillator is nearly al-
ways used at low power — with the exception of
special circuits and tubes such as were described
in the preceding section — so that for higher-
power work it becomes necessary to build up the
output to the point desired. Radio-frequency
power amplifiers are used for this purpose.

R.F. amplifiers can be used to build up the
output of self-controlled oscillators as well, and
their use results in a number of benefits. Since the
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amplifier stage acts as a buffer between the oscil-
lator and antenna circuit, changes in antenna con-
stants caused by wires swinging in a wind have
little effect on the frequency generated by the
oscillator. Because of this, the antenna circuit
can be tuned for maxirnum output in contrast to
the detuning described in the section on tuning
the self-controlled transmitter. The oscillator is
still subject to dynamic instability, creeping, and
other oscillator ills, however, so that most ama-
teurs prefer to use crystal-controlled oscillators
in oscillator-amplifier transmitters. The fact that
a erystal will generate only one frequency may be
either an advantage or disadvantage, depending
upon the point of view. In comparison with the
self-controlled oscillator, the frequeney of which
may be varied at will, it suffers from a lack of
flexibility. This very inflexibility, however, is an
asset when it is considered that there is little
danger of off-frequency operation with a properly
adjusted crystal transmitter. For some types of
amateur work, it is distinctly desirable to have a
fixed frequency on which the signal is sure to be
found, particularly when schedules are kept with
distant stations.

Amplifiers are of two general types, those in
which the output tank circuit is tuned to the ex-
citing frequency — ealled “‘straight” amplifiers
— and those in which the output circuit is tuned
to a harmonic of the exciting frequency — called
“frequency multipliers.”

Straight Amplifiers

A Tligh power output usually is the first consider-
ation in the operation of an amplifier in the c.w.
transmitter. The power output that can be oh-
tained from a given tube is limited by the power
that can be safely dissipated by the plate, the
maximum safe plate voltage and the maximum
permissible plate current. Since the power input
is limited by the tube ratings, it is desirable to
obtain high efficiency in the plate circuit so that
the largest possible proportion of the power input
will be converted to radio-frequency power
output.

The efficiency of an amplifier is determined
largely by the negative grid bias and the peak
value of the excitation voltage applied to its grid,
in relation to the plate voltage. I'or high efliciency
the grid bias should be at least twice the value
required to cut off the plate current at the plate
voltage used, and the excitation voltage must he
such that the grid is driven positive during part
of the excitation cycle, causing grid current to
flow. The L-C ratio in the plate tank circuit
should be fuirly high. In general, relatively high
plate voltage aceompanying low plate current
will give better efficiency than the converse, as-
suming the same input in both cases.

The problem usually confronting the amateur
in the design of an oscillator-amplifier transmitter
is that of providing adequate excitation for a pre-

determined type of output tube operating on
a given frequency. In the crystal-controlled
transmitter, the power output of the crystal
oscillator is usually five watts or less, and is
ordinarily on a frequency in the 3500-ke. band.
It then becomes neccessary to decide upon the
number of amplifier or doubler stages that will be
necessary to give adequate excitation to the final
amplifier on the final operating frequency. There
are so many ways of arriving at the result that it
is useless to give exact specifications. The tube
table will be of value in the preliminary esti-
mates, however. The power output ratings given
are conservative when the tube is used as a
straight amplifier; as a doubler, the output will
usually be less —as a safe estimate, say fifty
percent of the rated power output, assuming the
recommended plate voltages and currents are
applied.

The grid driving power required to produce
rated output varies considerably with the type of
tube. The data on driving power in the tube table
will be of help in choosing a tube line-up. These
figures are for straight amplification, not fre-
quency multiplication; in the latter case more
driving power will be required. Since power tubes
usually are rated conservatively and many ama-
teurs have learned to expect more than rated
output from them, it may be necessary to increase
the driving power if the recommended plate volt-
ages and currents are exceeded. The table can be
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FIG. 713 — A BIGII-POWER TRI-TET OSCILLATOR
CIRCULIT USING AN RK-20 PENTODE
C1 — 150-ppfd. cathode tuning condenser, receiver

type.
C2 — 100-pufd. plate tank condenser, transmitting
type. .
C3 — .002 ufd. plate bypass condenser, 1500-rolt rating

or more.

Cs — Screen and plate bypass condensers. .002 ufd.

C3 — Filament bypass condensers, .005 ufd.

R) — Grid leak, 15,000 ohims, 2-watt rating.

L1 — Filament or cathode coils. Dual winding (see
text) on 2V%-inch diameter form; each coil 10
turns No. 16 d.c.c. wire, close wound. (For
3500-kc. crystal.)

Ly — Plate coil; 3500 ke.: 30 turns No. 12 enamelled
on 2V%-inch form, turns spaced diameter of
wire.

7000 kc.: 10 turns same.

L3 — Antenna coupling coil. Size depends upon an-

tenna system.
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used as a basis of design, however; for example if
the tube to be driven requires a driving power of
10 watts, one of the tubes having that rated out-
put — or somewhat more — should be chosen
as a driver. Assuming an oscillator output of five
watts — a reasonable figure for a erystal oscil-
lator of the pentode or tri-tet type — it then be-
comes relatively easy to select a tube line-up for
any desired power output. A later section on
transmitter design will take up in more detail the
other considerations involved.

R. F. power amplifiers may be either of the
triode or screen-grid type, the latter classifica-
tion including both tetrodes and pentodes. Since
the input and output circuits of the amplifier tube
are tuned to the same frequency, a tube having
appreciable grid-plate capacity would break into
self-oscillation as a t.p.t.g. oscillator if steps were
not taken to prevent it. The process of counter-
acting feedback through the tube elements is
called neutralization. True screen-grid tubes —
that is, tubes in which the grid is thoroughly
shielded from the plate — do not need to be
neutralized because the grid-plate capacity is so
low that the feedback is insufficient to produce
oscillation. The small audio power pentodes used
by amateurs for transmitting purposes are not
well screened, however, and must be neutralized.
Neutralizing methods will be detailed in a fol-
lowing section.

Interstage Coupling

A Whatever the type of amplifier tube, some
means must be provided for feeding into its grid
circuit the r.f. power generated by the preceding
oscillator or driver. To do this effectively many
types of inter-stage coupling have been devised.
The type of coupling best adapted to efficient
power transfer depends upon the characteristics
of the driver and amplifier tubes. Several satis-
factory arrangements are shown in Fig. 714,

The circuit at A is known as capacity coupling,
because the radio-frequency power is fed from the
driver to the amplifier through the coupling
condenser C. The purpose of the condenser is to
prevent the driver plate voltage from being im-
pressed upon the grid of the amplificr tube while
providing a low-impedance path for r.f. current.
This method of coupling is generally most satis-
factory when the amplifier tube is one having a
low or medium amplification factor (u of 8 or
less). The bias for the amplifier is fed to the grid
through the r.f. choke, ZFC, which keeps the
excitation voltage from leaking off through the
bias supply and being wasted. Since the negative
side of the driver plate supply and the positive
side of the amplifier bias supply meet at the
common filament connection between the two
tubes, the coupling condenser ¢ must have in-
sulation good enough to stand the sum of these
two voltages without breakdown. The fact that
the condenser also is carrying a considerable

radio-frequency current makes it desirable that
it have a voltage rating giving a factor of safety
of at least 2 or 3.

Circuit B is practically equivalent to Circuit A;
the coupling condenser has been moved to the
plate circuit of the driver tube and the radio-
frequency choke appears at the plate of the driver.
This simply shifts the driver to parallel plate
feed, and permits the use of series feed to the
amplifier grid. In both eircuits the excitation can
be controlled by moving the tap on the tank coil;
the nearer the tap is to the plate end of the coil the
greater will be the excitation voltage up to the
limit of the driver output. These circuits have the
advantage of simplicity, but have the disad-
vantage that the interelectrode capacities of both
the driver and amplifier tubes are connected
across the tuned circuit, thus causing a reduction
in the L-C ratio and reducing the efficiency at the
very high frequencies. They operate quite satis-
factorily with ordinary tubes at frequencies of
7 me. and lower, and at 14 me. with tubes having
low interlectrode capacities, such as the 852,800,
825, RK-18 and others with comparable ca-
pacities to be found in the tube table. ‘The varia-
ble tap for regulating excitation is sometimes
responsible for parasitic oscillation in the ampli-
fier, a condition which is harmnful to the efficiency.

Cireuit C overcomes these two disadvantages,
but requires two tuned circuits and a method for
varying the coupling between the two coils. This
circuit is particularly effective at 14 me. and
higher frequencies, where the increased com-
plications are worth while in view of the greater
efficiency. Circuit D is much the same as Circuit
C, except that an untuned transmission line,
inductively eoupled to the tank circuits at both
ends, is substituted for the variable inductive
coupling. This system is mwore convenient me-
chanically, because the power transfer is gov-
erned by the relative number of turns on each
coupling coil, and because the transmission line
can be any reasonable length — up to several
feet. Ordinary twisted lampeord will do nicely
for such a line. In practical operation, the number
of turns on the coupling coils is adjusted to give
maximum excitation to the amplifier. From one
to five turns will be sufficient in most cases pro-
vided the coils are closely coupled to the tank
coils with which they are associated.

The push-pull circuit at E corresponds to the
simple capacity-coupled circuit at A, while F is
the same thing as D but arranged for push-pull.
It should be pointed out that in circuits using the
untuned coupling line or “link,” as it is some-
times called, the coupling coils should be coupled
to the tank coils at a point of low r.f. potential.
This is indicated in Cireuits D and F.

The use of power amplifier tubes with rela-
tively high voltage-amplification factors — 15
and more — sometimes introduces complications
in the coupling arrangenient because such tubes
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generally operate best with a lower exciting volt-
age than is developed by the driver tube. In
other words, the grid impedance of such tubes is
lower than the value of impedance which, when
connected across the whole driver tank circuit,
is optimum for maximum driver power output.
“Tapping down” on the driver tank coil will
take care of this condition but as pointed out
above sometimes leads to parasitic oscillation in
the amplifier. For this reason the inductive
coupling methods are more satisfactory with
high-x amplifier tubes. Parasitic oscillation can
be avoided in condenser-coupled systems (which
includes circuit B) by taking the excitation
directly from the plate end of the coil and using a
coupling condenser having low capacity to avoid
overloading the driver. The coupling efficiency is
reduced by this compromise, however. The
optimum coupling capacity will depend upon the
type of amplifier and driver tube used and the
operating conditions; in general it had best be
determined experimentally for the individual
layout. Where this consideration is not a factor —
i.e., when the amplifier is a medium- or low-x
tube — the size of the coupling condenser is not
critical. Usual values are 100 to 250 uufd.
Minor variations from the circuits given in
Fig. 714 often appear in radio literature, but the
fundamental arrangement usually can be recog-
nized without difficulty. A modification of D
which has found some favor employs an untuned
grid coil for the amplifier, the coil being adjusted
by cut-and-try to resonate, in conjunction with
the tube and circuit capacities shunting it, at
the proper frequency. This simplifies the tuning
process once the coil size has been adjusted, and
eliminates the need for a grid tuning condenser.

Coupling Between Single-Ended and
Balanced Circuits

A One important coupling problem is that of con-
necting u single-ended oscillator or driver to a
push-pull amplifier. Three methods of doing it are
shown in Fig. 715. Circuit A shows the capacity-
coupling scheme. The driver tank coil is tapped at
the center; the end of the tank circuit opposite
the plate of the tube is left free to assume an r.f.
potential equal to that at the plate and opposite
in sign, thus making the output voltage suitable
for exciting a push-pull amplifier.

Inductive coupling is shown at Fig. 715-B
and transmission line coupling in 715-C. Since
all these methods have been discussed at length
in the preceding section, we need not go into
further detail here. The same advantages and
disadvantages apply.

Occasionally it will be found necessary to
couple a push-pull stage to a following single-
ended amplifier. In such case the circuits of Fig.
716 are recommended. A capacity-coupled cireuit,
with the coupling condenser taken from one end
of the push-pull tank coil and with the center-
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taps of the two stages connected together, might
be used but would tend to unbalance the push-
pull circuit, so that inductively-coupled arrange-
ments are to be preferred.

Neutralizing Circuits

A As we have already explained, a three-elec-
trode tube used as a straight radio-frequency am-
plifier will oscillate because of radio-frequency
feed-back through the grid-plate capacity of the
tube unless that feed-back is nullified. The process
of neutralization really amounts to taking some of
the radio-frequency voltage from the output or
input eircuit of the amplifier and introducing it
into the other circuit in such a way that it ef-
fectively “bucks” the voltage operating through
the grid-plate capacity of the tube, thus rendering
it impossible for the tube to supply its own excita-
tion. There are several ways of doing this, the
more common ones being shown in Fig. 717.
Parts of the circuit which are not essential to the
neutralizing scheme considered are not included
in the diagrams.

In Circuits A and B the operation is the same;
the choice between one or the other is simply a
matter of preference or mechanical considerations.
A point on the tank inductance (usually a third
or half the way up toward the plate end) is made
to assume the same r.f. potential as the filament
by connecting it to the filament through a by-pass
condenser. The voltage at the lower end of the
coil is, therefore, opposite in phase to that at the
plate end, and this voltage is fed back to the grid
through a small condenser, C,, to balance the
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FIG. 715 — TYI'ES OF COUPLING USED TO FEED A
PUSII-PULL AMPLIFIER FROM A SINGLE-ENDED
OSCILLATOR OR DRIVER

voltage which appears across grid and plate.
Exact balance is obtained by properly propor-
tioning the number of turns between X and ¥ and
by adjusting the capacity of Cn. If parallel plate
supply feed is used, the by-pass condenser be-
tween the point X and the filament is unneces-
sary, since there will be no d.c. voltage between
the two points and a direct connection can be
made.

In Circuit C the neutralizing or bucking voltage
is obtained from the voltage drop across half the
tuning condenser, which in this circuit must be a
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FIG. 716 — THESE COUPLING ARRANGEMENTS
ARE RECOMMENDED WIIEN A IP'USII-PULL STAGE
IS TO EXCITE A SINGLE-ENDED AMPLIFIER

split-stator affair. Parallel plate feed is shown in
this circuit, although series feed can be used by
introducing the plate voltage at the center of the
tank inductance through an r.f. choke. If series
feed is used, the feed tap on the tank coil should
not be connected to the filament through a by-
pass condenser as is done in Circuits A and B;
doing this places two grounds in the circuit and is
likely to lead to circulating r.f. currents and un-
due losses. Circuit C is likely to be more stable
at very high frequencies than Circuits A and B.
Circuits D and E also are equivalent. In these
circuits the neutralizing or bucking voltage is
obtained from the tank circuit of the preceding
tube and is fed to the plate of the amplifier
through the neutralizing condenser. The tank
tuning condenser may be connected across part
of the coil or all of it, whichever seems most
desirable.

Two push-pull neutralizing circuits are shown
in I and G. One has a tapped plate tank coil and
the other a split-stator tuning condenser with the
rotor grounded. The neutralizing condensers are
simply connected from the grid of one tube to the
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plate of the other. Fig. 717-G is to be preferred
for the higher frequencies, just as was the case
with Cireuit C. Both F and G will remain neu-
tralized with different tank coils; in F, however,
it is essential that the tap on the coil be placed
accurately at the electrical center of the coil.
Good balance between the two sections of the
condenser in G will obviate this necessity.

In all these circuits, by-pass condensers and
other parts not particularly a part of the neu-
tralizing arrangement will have the usual values.
In most cases the neutralizing voltage will be
equal to the r.f. voltage between the plate and
grid of the tube (using one of the circuits involving
the use of a split-stator condenser, or a tapped-coil
circuit having the tap at the center of the induc-
tanee) so that for perfect balance the required
capacity in the neutralizing condenser theoreti-
cally will be equal to the grid-plate capacity of
the tube being neutralized. If, in the circuits hav-
ing tapped tank coils, the tap is more than half
the total number of turns from the plate end of
the coil, the required neutralizing capacity will in-
crease approximately in proportion to the relative
number of turns in the two sections of the coil. As
a general rule, however, an even division between
“plate” and ““neutralizing” turns is desirable.

The paragraph above should make it clear
that the neutralizing capacity required at C.
will depend upon the type of tube and the choice
of circuit. In balanced circuits — those having the
tap at the center of the coil or those using split-
stator eondensers — the neutralizing capacity is
theoretically exactly the same as the grid-plate
capacity of the tube. For those tubes having grid
and plate connections brought out through the
bulh, such as the 800, 825, 832 and a few others,
this rule will hold good and a condenser having
at about half scale 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 C capacity needed
is greater because the tube socket and its asso-
cinted wiring adds some capacity to the actual
inter-element capacities. In such cases a slightly
larger condenser should be used. For most smail
triodes, a condenser having a minimum of about
5 pufd. and a maximum of approximately 20
uufd. will suffice. Such condensers are readily
obtainable in the midget sizes.

When two or more tubes are connected in
parallel, the neutralizing capacity required will
be in proportion to the number of tubes.

Neutralizing Adjustments

A The procedure in neutralizing is the same re-
gardless of the tube or circuit used. To do the job
satisfactorily it is essential that some form of
fairly sensitive r.f. indicator be available; a flash-
light lamp with its terminals connected to a loop
of wire, a neon bulb, or a thermo-galvanometer
connected to a wire loop are suitable.
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The first five are for neutralizing the grid-plate
capacity of single tubes or tubes in parallel. The push-
pull neutralizing arrangements shoun at F and G
are known as **cross-neutralized’’ circuits because the
neutralizing condensers form a cross-connection
Srom the grid of one tube to the plate of the other.
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The first step in neutralizing is to disconnect
the plate-voltage from the tube. Its filament
should be lighted, however, and the excitation
from the preceding stage should be fed to its grid
circuit. Couple the r.f. indicator to the plate tank
circuit (if a neon bulb is used, simply touch the
metal base to the plate terminal) and tune the
plate circuit to resonance, which will be indicated
by a maximum reading of the r.f. indicator.
Then, leaving the plate tank condenser alone,
find the setting of the neutralizing condenser
which makes the r.f. in the plate tank drop to
zero. Turning the neutralizing condenser prob-
ably will throw off the tuning of the driver tank
slightly, so the preceding stage should he retuned
to resonance.

Now couple the r.f. indicator to the plate tank
once more and again tune the plate circuit to
resonance. Probably the resonance point will
occur at a slightly different setting, and the
second reading on the r.f. indicator will be lower
than the first one. Retune the preceding stage
once more and go through the whole procedure
again. Continue until the r.f. indicator gives no
reading when the plate tank circuit is tuned in the
region of resonance. When this has been accom-
plished the tube is neutralized.

The aim of neutralizing adjustments is to find
the setting of the neutralizing condenser which
eliminates r.f. in the plate circuit when the plate
circuit. is tuned to resonance. It is not at all difh-
cult to neutralize a tube after a few practice
trials, provided the circuit is laid out properly and
provided the neutralizing condenser has the right
capacity range. It sometimes happens that while a
setting of the neutralizing condenser can be found
which gives a definite point of minimum r.f. in
the plate circuit, the r.f. is not completely elimi-
nated; in such a case stray coupling between the
amplifier and driver tank coils, or stray capaci-
ties between various parts of the amplifier circuit
tending to upset the voltage balance, probably
will be found to be responsible. A better layout
with short, widely-spaced leads, or with coils so
placed that coupling between them is minimized
— usually when the axes of the coils are at right
angles — should be tried. Shielding of the ampli-
fier often will eliminate troubles of this sort.

Fundamentally, neutralizing is used to pre-
vent self-oscillation in an amplifier. After the ad-
justments have been completed, therefore, it is a
good plan to apply plate voltage to the amplifier
and reduce the grid bias until the tube draws a
little plate current without r.f. excitation. 1f the
tube does not oscillate under these conditions it
can be assumed that the tube is properly neutral-
ized. In case no fixed bias is used (operating bias
secured through the flow of grid current through
a grid leak), a suitable bias voltage can be tem-
porarily introduced in series with the leak, or the
plate voltage may be reduced to keep the plate
current within reasonable limits.

Tuning an Amplifier

A Amplifier tuning is quite simple, and the ad-
justments are similar regardless of the type of
circuit used. It is also immaterial whether the
tube is a neutralized triode or a screen-grid tube
requiring no neutralization. In describing the
process, however, it will be assumed that the
neutralizing, if required, has been carried through
to a satisfactory conclusion. A tube which is not
properly neutralized is likely to behave erratically
when plate voltage is applied.

Before applying plate voltage to the amplifier,
the plate circuit of the preceding stage should be
tuned to give maximum output. Perhaps the most
satisfactory indicator of the excitation power de-
livered by the driver stage is a d.c. milliammeter
connected in series with the grid return circuit of
the amplifier. The higher the rectified grid current
indicated by such a meter, the greater is the.exci-
tation. The method of connecting the meter will
depend upon the type of grid circuit used; Fig.
718 gives some examples. The connections at A
would be used with amplifier grid circuits like
those in Figs. 714-A and E; those at B with I'ig.
714-B; and those at C with Fig. 714-C, D), and F.
The plus and minus signs indicate the proper way
to connect the meter in the circuit.

The first step is to adjust the driver stage tun-
ing for maximum amplifier grid current. Then
the coupling between the stages should be ad-
justed to give the same result. In the circuits
shown in Iig. 714-A, B, and E, the coupling would
be changed by changing the position of the taps
on the driver tank coil. In the push-pull circuit
at E both taps should be changed simultaneously,
taking care that each is the same number of
turns from the center of the coil. In Fig. 714-C
the coupling can he changed by moving the two
coils nearer together or farther apart. In trans-
mission-line coupled systems such as those at
Fig. 714-D and F, the coupling can be changed hy
changing the number of turns on one or both of
the coupling coils in the untuned line, or by mov-
ing one of the coupling coils nearer to or farther
away from the tank coil to which it is coupled.
In any event, the driver circuit should he retuned
to resonance every time the coupling is changed,
no matter what the coupling system used, since a
change in coupling is likely to throw the tank cir-
cuit slightly off tune. If there is a tank circuit in
the grid of the amplifier, as in Fig. 714-C, D, and
F, it too should be retuned for the same reason. A
few minutes spent in changing the coupling and
tuning should show quickly the optimum cou-
pling for maxiinum grid current.

Once the proper grid-coupling adjustment has
been found, the amplifier plate tank condenser
should be set approximately at resonance. With
the excitation connected, the plate voltage may
then be applied and the plate tank circuit tuned
to resonance, which will beindicated bv a very pro-
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nounced dip in plate current. This adjustment
should be made quickly, since the tube filament
will be damaged by continued application of plate
voltage with the tank circuit tuned off resonance.
The off-resonance plate current usually will be
considerably higher than the rated plate current
for the tube — sometimes several times as great
— but at resonance should drop to ten or twenty
percent of the rated value. The higher the excita-
tion power, the greater will be the dip in plate cur-
rent at resonance. If the dip in plate current is not
very pronounced, the excitation may be low or the
tube may not be properly neutralized, if a triode.

When the tuning process has been carried this
far, the output load circuit may be connected to
the amplifier. This load circuit may be the antenna
itself, through the coupling apparatus, or the
grid circuit of a following amplifier. When the
load is connected on the amplifier plate current
will rise. The plate tank circuit should be retuned
for minimum plate current — this “minimum,”
however, will no longer be the low value obtained
at no load but a new value nearer the rated plate
current of the tube — since connecting the load
probably will detune the tank circuit to some ex-
tent. The coupling to the load circuit should be
adjusted so that the new minimum plate current
value is approximately the rated plate current of
the tube. If the load is an antenna circuit, the
methods outlined in Chapter Twelve should
be followed; if another amplifier, the coupling
may be adjusted by following the procedure
given above for adjusting the
amplifier grid circuit. In the
preliminary tuning of an ampli-
fier it is often desirable to use a
dummy load such as the dummy
antennas described in Chapter
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the negative “B’’ terminal in Fig. 711 to the
lower input terminal in Fig. 719. The coupling
coil, Ly in Fig. 711, will not be needed. This will
be recognized as simple capacity coupling. It
may be necessary to remove a few turns from the
oscillator plate coil, L, in Fig. 711, to compensate
for the capacity added by connecting the am-
plifier grid circuit across the coil, otherwise it
may not be possible to tune the oscillator plate
circuit to resonance.

The amplifier of Fig. 719 can also be used with
Type 10, 801 or 841 tubes instead of the 830. No
changes in circuit constants need be made except
to apply the proper plate and filament voltages.

The amplifier of Fig. 722 illustrates the use of
a tuned grid circuit with link coupling. This
amplifier could be coupled to the oscillator of
Fig. 711 by using Ls as a link coupling coil. The
output terminals in Fig. 711 would simply be
connected to the input terminals in Fig. 722.

The high-power amplifier shown in Fig. 724
demonstrates the use of a pair of 852 tubes in
push-pull. Such an amplifier is easily capable of an
output of 250 or 300 watts with proper excitation.

Tuning, neutralizing and adjustment of these
amplifiers is exactly as described in the preceding
section.

Screen-grid Amplifiers
A Screen-grid power tubes are designed so that
feedback from plate to grid cannot take place
within the tube, so that neutralization is un-
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Twelve. These will give some in-
dication of the actual power out-
put of the amplifier.
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If the amplifier has plenty of ex-
citation it is often possible to use (a)
more coupling than that which
gives rated tube plate current,
thereby obtaining a further in-
crease in power output. A slight increase in plate
current — ten to twenty percent, for instance —
will do no particular harm if the tube is operating
efficiently. An extended overload, however, almost
certainly will result in shortened tube life.

GRID RETURN

Amplifier Construction
A Typical examples of amplifier construction are
shown, together with circuit diagrams and con-
stants, in Figs. 719-725, inclusive. The 830 am-
plifier of Fig. 719 is a companion-piece, physi-
cally, to the crystal oscillator transmitter
described earlier in the chapter. It may be used
with that oscillator simply by making a connec-
tion from the plate of the 59 oscillator, Fig. 711,
to the upper input terminal in Fig. 720, and from
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FIG. 718 — METHODS OF CONNECTING A MILLIAMMETER IN THE

LEAD TO MEASURE RECTIFIED GRID CURRENT

necessary when these tubes are used as straight
amplifiers, provided the input and output circuits
are isolated so that stray magnetic or capacitive
coupling cannot take place between them. In
many cases it is necessary, to secure the full
benefit of the screen-grid tube and to prevent self-
oscillation, to shield the input and output circuits.
A typical screen-grid amplifier circuit is shown in
Fig. 726. The second circuit is for use with screen-
grid pentode power tubes such as the RK-20.

The screen-grid amplifier is tuned as described
in the section on amplifier tuning.

Sources of Grid Bias for Amplifiers

A To get reasonable plate efficiency from a power
amplifier it is necessary that the grid bias voltage
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under operating conditions he of a value greater
than that sufficient to cut off plate current when
the amplifier is not receiving r.f. excitation. The
“cut-off” bias depends upon the plate voltage
and the type of tube, and in triodes is approxi-
mately equal to the plate voltage divided by the
voltage amplification factor, or u, of the tube.
This rule does not apply to sereen-grid or pentode
tubes, however, because the voltage on the screen
grids of such tubes has more effect on the plate
current than does the plate voltage itself. ‘The
cut-off bias for such tubes must, in general, be
determined from the tube characteristic curves.

Bias voltage may be supplied from a bank of
batteries, from the drop in voltage caused by
flow of rectified grid current through a grid leak,
or from a combination of both. Bias also may be
supplied by a power pack — transformer, recti-
fier and filter — provided a bleeder of suitable
resistance is used across the output terminals.
The requirements for hias power packs are dis-
cussed in Chapter Ten. All these methods will
give satisfactory performance provided the bias
voltage under operating conditions is the right
value — approximately twice cut-off bias in the
case of a straight amplifier intended to be
operated at high efficiency.

Batteries have the advantage of giving prac-
tically constant voltage under all conditions of
excitation or lack of it, although the grid current
flow does have a charging effect which tends to
raise the hattery voltage. This effect increases as

the batteries age and their internal resistance
increases.

Grid leak bias is economical, since no expendi-
ture for batteries is necessary, and has the desir-
able feature that the bias regulates itself in
accordance with the amount of excitation avail-
able and thereby tends to give optimum amplifier
operation under varying conditions of excitation.
When there is no excitation at all, however, there
is also no grid bias, and in the case of tubes oper-
ating at fairly high voltages, especially those
having low and medium values of amplification
factor, a large plate current will flow if the ex-
citation should for any reason fail or be removed
while the plate voltage is connected to the tube.
This may seriously damage the tube and possibly
ruin it if not corrected in time.

The advantages of battery and grid-leak bias
can be secured and their disadvantages elimi-
nated by using a combination of both. Many
amateurs use just enough battery bias to reduce
the amplifier plate current to a safe value should
excitation fail, and connect in series with the
battery a grid leak to obtain the additional bias
needed under operating conditions. In general,
the leak values recommended in the tube table
may be used without change when used in con-
junction with a small amount of “safeguarding”
battery bias. The bias power pack, when properly
designed, offers the advantages of a battery-grid
leak combination.

When grid-leak bias is used the bias under

operating conditions may be cal-

culated by multiplying the leak
resistance by the grid current in
amperes (ma.--1000). If a battery
is in series with the leak, the bat-
tery voltage should be added to
the voltage obtained by the calcu-
lation to give the actual operat-
ing bias.

Recently the cathode-biasing
system, used universally in receiv-
ers, has been applied to trans-
mitters, espeeially whenlow-power
tubes having indirectly-heated
cathodes are used. The 59 doubler
circuits shown later in the chapter
use this type of biasing, in part.
In the cathode-bias system a re-
sistor is connected between ground
and the cathode of the tube; both
plate and grid current flow through
it. Its value can be determined ap-
proximately by dividing the re-
quired bias voltage by the normal
plate current (expressed in am-

FIG. 719 — A NEUTRALIZED AMPLIFIER USING AN 830 TUBE

It will give an output of approximately 50 watts with a driving power
of about five watts. This same layout also is suitable for smaller tubes
such as the 10, 801, and 841. The circuit diagram is given in Fig. 720.

peres). Cathode-resistor bias tends
to prevent excessive rise of plate
current, since an increase in plate
current, automatically increases
the grid bias. Its chief disadvan-
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tage is the fact that the bias voltage must come
out of the available plate-supply voltage, there-
fore the plate supply must have higher voltage
output than ordinarily needed or else some plate
voltage must be sacrificed. If eathode bias is used
with filament-type tubes, tubes so biased must
have separate filament transformers for each
stage.

Frequeney Mualtipliers

A Since the most satisfaetory crystals are those
ground for the lower amateur frequencies —
1.75, 3.5 and 7 megacycles — it becomes neces-
sary to resort to other means than straight am-
plification to obtain crystal-controlled output on
the higher-frequency bands. Many amateurs
make a practice of operating in three or more
bands with only one erystal, usually one having
a frequency toward the lower end of the 3.5-me.
band so that its harmonies will fall in the higher-
frequency bands. To do this it is necessary to use
harmonic generators or frequency multipliers.
The frequency multiplier is simply a straight
amplifier whose plate circuit is tuned to a mul-
tiple of the driving frequency, and operated under
conditions which produce relatively high har-
monic output. Since its input and output circuits
are not tuned to the same frequency it cannot
itself oscillate, hence a triode frequency mul-
tiplier does not need neutralization. The plate
efficiency of a frequency multiplier is consider-
ably less than that of a straight amplifier, and
deereases rapidly when the plate eircuit is tuned
to a harmonic higher than the second. For this
reason most frequency multipliers are designed
to give output only on the second harmonic;
since the frequency is doubled the tube is ap-
propriately called a ‘‘doubler.”

To obtain maximum output and efficiency
from the doubler it is necessary to use high nega-
tive grid bias on the tube — considerably more
than double cut-off —and excite it with a cor-
respondingly high radio-frequency voltage. A
low-C tank in the plate circuit is also desirable.
1n general, a tube having a relatively large ampli-
fication factor is best as a doubler; tubes such as
the 46 and 59 with Class-B connections, the 841,
RK-18, 800, 825, 830-B and 203-A are most
suitable. Other types, such as the 10, 801 and
830, will work satisfactorily but require higher
bias and greater excitation voltage than the
high-u tubes. In practical work the bias may be
supplied from the same sources previously
recommended for amplifiers.

The effieiency and output of a doubler can be
increased by feeding some of the energy in the
plate circuit back to the grid to cause regenera-
tion, provided the process is not carried so far
that the tube breaks into self-oscillation. One of
the most satisfactory ways of introducing regener-
ation is by neutralizing the frequency multiplier
by one of the methods in which the neutralizing

voltage is fed from the plate circuit to the grid.
Circuits A, B and C in Fig. 717 are examples of
this type of circuit. When the tube is properly
neutralized it cannot osecillate, yet the feedback
is sufficient to increase the output and efliciency
of the doubler to a worth-while extent.

Almost any single-ended amplifier — single
tube, or tubes in parallel — will operate as a

ourpuT

FIG. 720 — THE 830 AMPLIFIER CIRCUFF DIAGRAM

C) — T0-pufd. mica grid coupling condenser.

C2— 500-ppfd. mica blocking condenser.

3, C4 — .005-pfd. mica filament bypass condensers.

Cs — 500-pufd. mica plate blocking condenser,
2500-volt rating.

Cs — Split-stator variable tank condenser, 330-uufd.
each section (National).

RFC1 — Grid choke; 3-inch winding of No. 34 s.s.c.
on half-inch bakelite form.

RFC2 — Plate r.f. choke (llammarlund).

L1 — Plate tank coil 1.75 mc.: 45 turns No. 14 wire on
3-inch diameter form, winding length 44
inches.

3.5 me.: 30 turns No. 14 wire on 2V2-inch diam-
eter form, winding length 334 inches.

7 me.: 15 turns No. 1§ wire on 2Vz-inch diameter
Sorm, winding length 3% inches.

14 mne.: 10 turns No. 14 wire on 2-inch diameter
form, winding length 4 inches.

(The coils shown are a manufactured product,
made Dby Gross Radio Co.)

doubler if the plate circuit is tuned to the second
harmonic of the driver frequency. The bias
voltage should be raised either by adding more
battery voltage or by using a higher resistance
grid leak. The grid leak for a doubler may in
general have a resistance from two to five times
that recommended for a single tube. The driving
power required for good doubling efficiency will
be two or three times greater than that necessary
for efficient straight amplification. A properly-
operated doubler can give a power gain of about
five, provided the tube is capable of handling
the power. A small tube excited by one of similar
ratings usually cannot give such a gain. At the
higher frequencies — 14 and 28 mec. — small
tubes used as doublers often do not give any
power gain at all; the output on the second har-
monic may be just about the same as the output
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of the driver tube, or even less. This may be no
particular disadvantage in some transmitter
designs, as will be explained later.

Push-pull amplifiers cannot be used as doublers
because the second and other even harmonics are
cancelled in the output of such amplifiers. They
can be used as triplers, however, the output
circuit being tuned to the third harmonic. They
are not very often used in this way beeause both

U
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circuit is tuned to the harmonic. The circuit may
not actually oscillate at the lower frequencies,
but enough regeneration is supplied to increase
both the output and efficiency of the doubler.

Tuning of Frequenecy Multipliers

A Frequency multipliers are tuned in much the
same way as straight amplifiers. Once the bias or
grid leak values are chosen, the input or grid
circuit should be adjusted for
maximum grid current just as with
the straight amplifier. Then the
plate voltage may be applied and
the plate tank circuit tuned to the
second harmonie, which will be in-
dicated by the dip in plate current.
The dip usually will not be as pro-
nounced as with straight ampli-
fiers, however. Once these adjust-
ments have heen made the load
may be connected and adjusted for
maximum output consistent with
the plate current rating of the
tube. Since the efficiency is lower,
it may be necessary to use lower
than rated plate current, especially
if the plate of the tube shows color.

After the adjustments have been
completed it is a good plan to
change the bias voltage or the re-
sistance of the grid leak to find
which value gives greatest output.

FI1G. 721 — A PLAN VIEW OF THE 830 AMPLIFIER
The split-stator tank tuning condenser is centrally located on the
haseboard; to its left are the plate blocking condenser, the plate r.f.
choke, the tube socket, and the neutralizing condenser. Toward the

Since the optimum value will de-
pend upon the type of tube used
and the excitation available, it is
not possible to give very definite
specifications along these lines.

rear are the grid r.f. choke and the tiwo input coupling condensers.

The plate tank coil and output terminals are in the upper right-hand
corner. Connections for filament, plate and bias supplies are brought
out to the terminal strip at the upper left, with wiring underneath the

baseboard.

efficiency and output are low, and because the
frequency relations of the amateur bands are
such that even-harmonic output is necessary.
The simple doubler circuit is shown in Fig.
727-A. Neutralized circuits such as those in Fig.
717 also can be used. Special circuits for fre-
quency doubling also have been employed. One
which is often used is shown in Fig. 727-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 eonnected in parallel. Thus the
tubes work alternately, and the output circuit
receives two impulses for each r.f. cycle at the
grids, resulting in all second-harmonic output.
A regenerative circuit, especially suitable for in-
directly-heated cathode tubes such as the 359,
2A5, ete., is shown at Fig. 727-C. 1t is really a
controlled oscillator, its characteristics being
sueh that it readily ‘“locks in” with the fre-
quency of the driving source when the plate

Locked Amplifiers

A If two oscillators operating on
frequencies differing by only a
small percentage are coupled to-
gether, they will tend to synchronize, or both
oscillate at the same frequency. In such a case
the less stable oscillator of the two will be pulled
into step with the more stable one. This phe-
nomenon is generally called ‘““locking.” Advan-
tage can be taken of it to make a fairly powerful
oscillator operate under the frequency control of
a relatively weak crystal oscillator and thereby
secure the stability of crystal control without
having to build up the output of the crystal
oscillator in successive stages of amplification.
Since the locked oscillator or amplifier supplies
its own grid losses, relatively little crystal-
controlled power is needed for high output.
Instiances of successful operation of medium-
power tubes such as the 203-A or 852 from a low-
power crystal oscillator are common. In some
cases oscillators having power outputs as high
as 250 watts have been similarly controlled. For
equal power output from the same tubes as
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normal straight non-oscillating amplifiers, one
or more intermediate stages would usually be
required, so that the saving in apparatus may be
appreciable. Very careful adjustment is required
with the locked amplifier, however, since it will
stay in step with the controlling oscillator over
only a very small tuning range, and of course
will lose the erystal stability as soon as it gets out
of control. For this reason the locked amplifier
has had relatively little application, most
amateurs preferring to use straight amplification
with its smaller likelihood of getting out of ad-
justment.

A typical locked amplifier circuit is shown in
Fig. 728. The oscillating amplifier circuit will be
recognized as the TNT, a circuil which is readily
put to this use. The crystal oscillator may be any
of the types previously described; the oscillator
shown in Fig. 710 is especially suitable since it is
capable of locking the amplifier on two bands
with any one crystal. A short transmission line

turned on again, and the signal should take on
the characteristics of the oscillator. Since the
amplifier alone usually will be relatively unstable
compared to the erystal oscillator, it is easy to
tell when the two lock in.

A locked amplifier transmitter must be con-
tinuously monitored, since heating of the tube
may cause enough of a change in the circuit
constants to cause the amplifier to get out of
step. Variations in antenna constants also can
cause a like condition. If the amplifier becomes
detuned sufficiently to get out of control, & whole
series of beat notes usually will be heard in the
monitor. A single, crystal-like signal in the
monitor indicates proper operation.

The oscillator ordinarily is allowed to rumn
continuously, keying being accomplished in the
amplifier circuit. Since the amplifier is not neu-
tralized, this often allows some energy from the
oscillator to feed through to the antenna to cause
a back-wave.

FIG. 722 — AN AMPLIFIER OF MODERATE POWER OUTPUT USING AN RK-I8
TUBE

This amplifier is particularly suitable for the higher frequencies such as 14 and 28
megacycles. A grid driving power of three to five watts will produce a power output of
about 50 watts with rated voltages on the tube. The circuit diagram isgivenin Fig.723.

The physical layout almost exactly follows the circuit diagram. Input terniinals are
at the left. Beside them is the plug-in grid coil, wound on a receiving-coil form. The
coupling coil, L2, is wound just below the grid coil on the form. The grid tuning
condenser supports the tube socket. Underneath the tube is the neutralizing con-
denser. To its right is the plate tank condenser, followed by the plate and antenna-
coupling coils, resting on bakelite rods for quick change of coupling, and finallv .at
the extreme right, the antenna tuning condensers.

Bypass condensers are underneath the baseboard, mounted close to their respective
parts of the circuit so that short leads are possible. Plate, filament and bias supply

leads are brought out to a terminal strip underneath the board at the rear.

(lampcord is satisfactory) with a turn or two at
each end provides a simple and effective way of
coupling the two oscillators.

A monitor is essential in the tuning of such a
transmitter. With the amplifier plate voltage
disconnected, the oscillator should be turned on
and its signal tuned in on the monitor. Next,
with the oscillator shut off, the oscillating am-
plifier should be started, and its plate tank circuit
tuned to exactly the same frequency, as indicated
by the monitor. Then the oscillator should be

Design of Complete Transmitters

A Up to this point consideration has chiefly
been given to individual parts of the transmitter
such as the oscillator, doubler and amplifier. A
complete transmitter is simply a collection of one
or more of such parts, or stages; the number of
stages required depends upon the type of oscil-
lator used, the power output required from the
last stage, and the frequency or frequencies on
which the transmitter is to work. Assuming
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that the set is to be crystal-controlled, as are
most modern amateur transmitters, the com-
plexities will increase as the power output is
increased, and also with the number of bands to
be used.

Probably most amateurs who operate c.w.
transmitters have their sets arranged to work in
at least two and generally three amateur bands —
3.5, 7 and 14 mc. On the other hand, amateurs
interested chiefly in 'phone transmission often
work exclusively in a single band. A one-band
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FIG. 723 — THE CIRCUIT OF THE
HIGH-FREQUENCY AMPLIFIER

C1— 50-ppfd. variable grid tank condenser (Cardwell
410-B).

Cz2 — Split-stator plate tank condenser; 75 uufd. each
section (Cardicell $13-B).

C3, C4 — 250-pufd. antenna tuning condensers (Card-
well 406-13).

Cs — 5-pufd. neutralizing condenser (Cardwell 519).

Ce, C7—.005-pfd. mica filament bypass condensers.

Cg — .002-ufd. mica grid bypass condenser.

RFC —Iligh-frequency r.f. choke (National Type

100).
COIL DATA
Grid Coils

L1 L2
28 mc. 4 turns, coil length 54 inch 2 turns
14 me. 10 < PO 1 u 3 «
7 me. 18 < TR 1 u 4 «
3.5 mc. 30 < R 1V, * 5 ¢«
1.75 mec. 80 “ 6 e 1Y, ¢ 10 *

Nbo. 20 or 22 wire may be used for the first four coils
listed; the 1.75-mc. coil will require No. 28 d.s.c. In
each case L3 is close-wound at the bottom of the coil
Jorm, tightly coupled to Li. Diameter of all coils is 114
inches.

Plate Coils, L2

28 mc. 4 turns 3/16-inch copper tubing, inside diam-
eter 21 inches.

1# me. 10 turns 3/16-inch copper tubing, inside diam-
eter 214 inches.

7 me. 24 turns No. 12 wiredouble-spaced, inside diam-
eter 21 inches*.

3.5 mc. 45 turns No. 12 s.c.c. wire, no spacing, i.d. of
coil 24 inches.

1.75 me. 68 turns No. 16 d.c.c. wire, no spacing, i.d. of
coil 3V, inches.

Specifications for the 3.5- and 1.75-mnc. bands call
Jor plate coils of high inductance, since the plate tun-
ing condenser has low maximumn capacity. For 3.5-
and 1.75-mc. work it may be more convenient to usea
plate tank condenser, C2, of higher capacity, which
will permit the use of smaller plate coils.

* No. 12 enamelled wire, double-spaced, will run six turns 1o
the inch.

transmitter obviously will be somewhat easier to
design than one which is to give approximately
the same power output on several bands, since it
is not necessary to provide for frequency chang-
ing.

Besides making certain that the power output
will be adequate, consideration also should be
given to convenience in operation — especially
with reference to shifting the transmitter fre-
quency from one band to another. For a given
power output, too, there is usually a tube com-
bination which will give greatest economy, tube
and power-supply cost considered. For instance,
if a power output of 100 to 150 watts is wanted,
it can be obtained more cheaply by using tubes
like the 203-A, 211, or 242-A than from the
similarly-rated 852 or 860. Besides the lower cost
of the first-named tubes, they give full output
with a lower-voltage power supply, and the r.f.
circuit parts need not have the high-voltage rat-
ings required with the latter tubes. On the other
hand, the 852 and 860 are designed especially for
high-frequency work and ordinarily are capable
of better operation than the others at the very
high frequencies such as 14 and 28 megacycles.

Generally speaking, the most economical and
conveniently-operated transmitter design will
result when the largest possible power step-up
is obtained in each stage and, consequently,
the number of tubes and circuits is reduced to a
minimum. With fewer stages, also, less trouble is
likely to be encountered. This scheme works out
very well for medium and high-power transmit-
ters, especially when only two or three bands
are to he covered. When more than three bands
are to be used, however, recent practice has been
to build the transmitter in two sections; one, an
exciler unit, is designed simply to deliver a small
amount of power on a great many bands, being
equivalent in practice to having a crystal
oscillator on each of the bands. The second sec-
tion consists of one or more power amplifiers,
the number required being determined by the
power rating of the final stage. Both systems
obviously have their advantages.

Before attempting to design a transmitter
layout, it is urged that the foregoing sections on
oscillators, amplifiers and frequency doublers he
carefully studied, with particular attention being
paid to the remarks on efficiency and required
driving power. This information, together with
the circuit data given, should enable any amateur
to lay out a workable transmitter. It should be
kept in mind, also, that it is better to err on the
side of having too much excitation rather than
too little, especially at the higher frequencies.

Yery lligh Frequeneies — LC Ratios
A The difficulties in getting a transmitter to
function properly increase as the frequency is
raised. A transmitter will “handle” about equally
well on the 1.75-, 3.5- and 7-me. bands, bands for
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which, by coincidence, practical quartz crystals
can be ground. Successful operation is fairly easy
on these bands. On 14 and 28 megacycles, how-
ever, more care must be used in the construc-
tion and design of apparatus. For equally effi-
cient operation on different bands, the LC
ratios of the tank circuits used should be

portioned that for tuning to the desired f{re-
quency a capacity of 250 uufd. is needed on the
1.75- and 3.5-mc. bands, 100 ppfd. on the 7-mc.
band, 50 wufd. on 14 me., and approximately 25
pufd. on 28 me. This does not mean that a dif-
ferent tuning condenser is required for each band,

about constant, but since the tube and
circuit capacities are approximately the
same regardless of the band used, it be-
comes increasingly difficult to get “good”
tank circuits at the higher frequencies.
Besides this, the losses increase rapidly on
these last two bands, making efficient op-
eralion even more difficult, while stray
couplings which can be neglected on
the lower frequencies often become
sources of unstable operation. In practice,
then, it is often found that tubes run hot-
ter, efficiency is lower, and more excitation
isrequired for thesame output froma given
type of tube operating at 14 and 28 mc.

For amplifiers, the optimum LC ratio is
reached when the inductance is so pro-
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FIG. 725— CIRCUI'Y OF THE ITHGH-POWER PUSH-PULL

AMPLIFIER

L1 — Plate tank coil; see coil table. The coil shown in the il-
lustration is for 7000 kc. It has 12 turns of Vg-inch tuning
with 3-inch inside diameter turns.

L2, Ly— Antenna coupling coils. Six turns each, 3-inch diam-
eter.

Cy — Cardwell special type 16-B split-stator tank condenser,
100-uufd. effective capacity, with neutralizing conden-
sers attached.

C2, C; — See abore. Cardwell Type 519 condensers would serve
as separate neutralizing condensers. The capacity re-
quired is approximately 5-ppfds. with about Vi-inch
spacing between plates.

C4, C5 — Plate and grid bypass condensers; .001ufd., 5000-volt
rating.

Cg, C7 — Grid coupling condensers; 100-ppfd., 5000-rolt rating.

Cy— .001-ufd. filament bypass condensers.

RFC) — Plate r.f. choke; four-inch winding of No. 30 wire on
a l-inch tube.

REFC2— Grid r.f. chokes; three-inch winding of No. 36 wire an
Yo-inch wooden or hakelite rod.

REFC3— Theseare for the suppression of parasitic oscitlations.
They may not be found necessary. Ten turns of No. 14
wire wound on a pencil (the pencil being removed) will
be suitable.

FIG. 724 — A TYPICAL EXAMPLE OF TIIE
USE OF 832 TUBES IN A PUSH-PULL AM-
PLIFIER

Grid chokes and coupling condensers can
he seen at theright of the tubes, supported on
a strip of bakelite. The tankand antenna coils
are supported on large G.R. stand-off insula-
tors — the coils being fitted with the large sise
G.R. plugs. lleavy copper strip furnishes the
connection between the tank coil and conden-
ser. The neutralizing condensers are under-
neath the projecting arms of the tubes.

but simply that the actual capacity in use
should be as recommended above. A single
250-upfd. condenser might serve for all
five bands, provided its minimum capacity
is not more than 15 or 20 pufd. The coil
specifications given in the table are based
on the actual capacity in use; for instance,
with a 7-mc. coil of the size designed to
resonate in the band with 100 uufd. across
it, 8 250-uufd. condenser would be set at
about 14 full scale.

For 14- and 28-nc. work it is desirable
that the tubes used be of the type designed
for efficient operation at very high fre-
quencies. Types such as the 10, 800, 801,
825, RK-18, and 852 are good examples of
such tubes. Low-frequency tubes such as
the 203-A, 211, 242-A, etc., work best
at 7 mc. and lower, although they will
give good results in proper circuits at 14
me. Inductively coupled or transmission-
line coupled circuits are best for these
tubes at the very high frequencies, because
the piling up of capacities which results
when the output circuit of one tube and
the input circuit of the next are both con-
nected across the same tank coil —as in
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capacity-coupled circuits — is avoided, and higher
LC ratios are thereby made possible.

Some Practical Designs

A To illustrate a few of the ways in which
transmitters may be designed, several types are
shown, with circuit diagrams, in Figs. 729 to 738,
inclusive. Although these are entirely practical
sets, they are offered chiefly as examples, since
space does not permit a detailed description of
the construction and operation of each. For the
benefit of those interested, a bibliography at the
end of this chapter gives references to the issues of
QST in which detailed information was presented.
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FIG. 726 — TYPICAL SCREEN-GRID AMPLIFIER
CIRCUITS

The upper diagram is used with filament-type
screen-grid power tubes such as the 865, 860, 282-4,
850, 254-A and 2534-B. Important points to observe in
the operation of the screen-grid amplifier are that the
screen bypass condenser, C3, should have low im-
pedance at the operating frequency (capacity of at
least .002 pfd. for amateur transmitters) and that the
output tank circuit 11C1 must be isolated from the
input circuit, either by shielding or by physical spac-
ing great enough to prevent feedback. Bypass con-
densers C2 and Cs may be the usual values used in
power-tube circuits; 002 ufd. will be sufficient. Any
type of input coupling shoun in Fig. 714 may be
used in place of the capacity coupling indicated.

For greatest efficiency the screen voltage should not
be greater than the value recommmended in the tube
table for the type of tube used. Screen voltage is
preferably supplied from a voltage divider across the
plate supply.

The lower diagram is for use with r.f. screen-grid
pentodes, in particular the Type RK-20 tube. It is
essentially the sarmneas the upper circuit except for the
additional connections for the suppressor grid, which
should be supplied a small positive voltage (about 50
volts) for maximum output. Values are the same for
similarly-labelled components in both circuits. The
RK-20 tube is characterized by high power sensitiv-
ity, resulting in an unusually high ratio of power
amplification. A4 grid driving power of approximately
two watts is sufficient to produce rated plate output
of 50 watts with a plate voltage of 1000 and screen
voltage of 300. Cs should have the same value as Ca.
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FIG. 727 — FREQUENCY MULTIPLYING CIRCUI'TS

The regular doubler circuit (4) is the simplest. The
plate tuned circuit should be fairly low-C for best
results; the capacity actually in use at C) should not
exceed 100 pyufd. at the lower amateur frequencies and
50 pufd. at 14 mc. and higher. C2 is a plate bypass
condenser having a capacity of about .002 ufd. The
capacity Ci, the grid coupling condenser, depends
upon the type of tube; see the discussion on interstage
coupling. Any of the recommended grid-coupling
arrangements may be used instead of the simple
capacity coupling shoun.

Values in the “push-push” doubler (B) are in gen-~
eral identical with those in (A). This circuit requires
push-pull input.

In the circuit at (C) tank circuit values should be
the same as recommended above. C2 and C3 are the
usual .002-ufd. bypass condensers. Cy4, which controls
the regenerative effect, usually should be approxi-
mately 100 uyufd.; so also should Cs with the tubes
most likely to be used in this circuit, the 59, 245, and
their 6-volt equivalents. Grid leak, Ri, should be
50,000 ohms and cathode resistor, Rz, 1000 ohms.

Suitable coil specifications for the capacity in use
at C) can be found by referring to the coil table.

An exeiter unit capable of driving any type
of amplifier requiring a few watts of grid excita-
tion power ig shown in Figs. 729 to 731. This unit
uses two Type 59 tubes, one as an oscillator and
the other as an amplifier or doubler. The oscillator
is arranged to be used either as a tri-tet oscillator,
tetrode oscillator, or as an electron-coupled oscil-
lator when self-controlled operation is desired.
The change between crystal- and electron-
coupled operation is made simply by plugging
the oscillator cathode coil into either of two sock-
ets and using either a crystal or plug-in grid
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condenser. Since the 59 is not a true screen-
grid tube, the plate circuit of the oscillator
must be tuned to the second harmonic when
operating as an e.c. oscillator. For the same

LOCKED AMPR

CRYSTAL OsC.

(S : }
o +H.V.
FIG. 728 — TYPICAL LOCKED AMPLIFIER
CIRCUIT

The oscillating amplifier circuit is the TNT. Circuit
constants will be the same as those recommended in
the section on self-controlled oscillators. L1 and Ci
are the usual tank inductance and capacity; fairly
high-C is desirable, although not essential. C2 and
C3 are the plate and grid condensers, respectively;
Lz is the untuned grid coil and R the grid leak. Ad-
justment of the circuit is deseribed in the text.

reason, with crystal control the tube must be
operated as a tetrode (practically speaking, the
same thing as the pentode) oscillator when the

3.53-mec. crystal is assumed except where specified
otherwise.

Tuning of the oscillator and doubler is as de-
scribed in the appropriate sections earlier in the
chapter. At the plate voltages indicated in Fig.
730, the plate currents of the tubes will be approx-
itately 20 to 30 milliamperes each when loaded.

Two Type 53 tubes are used in the exciter unit
pictured in Fig. 732. Since a 53 actually is two
tubes in one envelope, this particular arrangement
gives the same effect as though four separate
triodes had been used. An output of four or five
watts, suflicient to excite the same types of
amplifiers recommended for the 59 exciter unit,
is obtainable on 1.75, 3.5, 7, 14 and 28 mc., using
a crystal of the right frequency, and it is even
possible to obtain sinall output on 56 me. as well.
Coils for the first three stages are plug-in; in the
last stage, used only for 56 mec., the coil, L;, with
the output coupling coil, Ls, is permanently
mounted on the tuning condenser, Ci.

A plug-and-jack arrangement makes it possible
to take the output of any one of the four stages
and feed it through a twisted-pair transmission

output frequency is to
be the same as that of
the erystal. This is accom-
plished by connecting
a short-circuiting link or
jumper between the cath-
ode of the tube and ground
—or “B” negative — to
complete the cathode cir-
cuit. The cathode coil
sockets are left empty for
this type of control.

The second 59 may be
used either as a straight
amplifier or as a doubler.
Its circuit will be recog-
nized as being that of Fig.
727-C. To avoid the ne-
cessity for neutralization
when the tube is used as a
straight amplifier, the os-
cillator plate coil, L, in Fig.
730, is not used, the cou-
pling betwecn oscillator and
amplifier being accom-
plished by the r.f. choke
shunted across Cs. C, is set
at minimum when L, is not
used. Since the grid circuit
of the amplifieris not tuned
the tube will not oscillate,
although this expedient
reduces the coupling ef-
ficiency. The coil table
gives the various coil com-
binations for operation on
different bands. In the
crystal-controlled table, a

FIG. 729 — AN EXCITER UNIT USING TWO TYPE 59 TUBES, WHICH_MAY
BE OPERATED EITHER CRYSTAL- OR SELF-CONTROLLED

At the plate coltages recommended in the circuit diagram, Fig. 730, this
exciter unit is capable of driving an RK-18 or 830 amplifier (such as the ones
shown in Figs. 719 and 722) or a pair of 10's to rated output on four amateur
bands. It would also provide sufficient excitation for a pair of RK-20’s. The
power output from the units is approximately 3,5 watts on 1.75 and 3.5 me., 7
watts on 7 me., and 3 watts on 11 mee. -

In the photograph above, the tiwo sockets at the left edge of the baseboard
are for the oscillutor coil; the one toward the front is used for crystal control,
while that at the rear is for e.c. control. To the right of the coil socketsis the
oscillator tuning condenser, C1, mounted edgewise so that the bakelite plat-
Sform holding the oscillator tube socket can be bridged betiwceen the stator-plate
terminals of this and the similarly-mounted plate tuning condenser, C2. Below
the front edge of the platform is a bakelite strip equipped with two G.R. Type
27$- ] sockets for the plug-in crystal holder. To the right of C2is the socket for
the oscillator plate coil, L2. Besideitis ther.f. choke which serves asa coupling
impedance on the low-frequency bands. The doubler tube socket is on the
other side, with the interstage coupling condenser, Cg, between. The doubler
plate tuning condenser, Cs, the socket for L3, and the output terminals follow
in order.

The remaining components are all niounted underneath the baseboard
located in such fashion that short leads are possible.
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line to an amplifier. Coupling coils, wound on the
same form with the tank coils, are provided for
this purpose. For operation on the crystal fre-
quency, only the oscillator is used, all other coils
being out of their sockets. When it is necessary
to double once, both the oscillator and first dou-
bler are used, the doubler being coupled via the
transmission line to the amplifier. Three stages
are used when it is necessary to double twice.
Plug-in coils make possible the use of 1.75-, 3.5-
and 7-me. crystals in the oscillator.

In the exciter unit shown in Fig. 732 — which

CIO

™5 SRFC.

112
»

59

- RFC
=
<l f‘nrc

+300 +125 +300

FIG, 730 — THE 539 EXCITER UNIT WIRING
DIAGRAM
The alternative crystal and e.c. control circuits are
shown as separate diagrams, although the choice
actually is made in the unit by plugging L1 into cither
of two sockets and using a crystal or grid condenscr
as required. Wiring of the socketsis shown in Fig. 731.

C1 — Cathode tuning condenser, 350-uufd. variable
(Cardwell Midway Type 407-B).

C2 — Oscillator plate condenser, 100-pufd. variable
(Cardwell Type £12-B).

€3 — Doubler plate condenser,
(Cardwell Type 110-B).

€4, C5 — Oscillator screen and plate bypass condens-
ers, .005-ufd. (Dubilier Type 3).

e — Interstage coupling condenser, 100-pufd. (Du-
bilier Type 4).

C7 — Doubler cathode condenser, 100-upfd. (Dubilier
Type 9).

C3, Co — Doubler screen and plate bypass condensers,
005-pfd. (Dubilier Type 3).

Cr0— Oscillator grid condenser, 250-uufd. (Dubilicr
Type 9).

Ri, R2 — 50,000-0hm, 2-watt resistors (I.R.C.).

R3 — 1000-ohmn, 5-watt wire-wound resistor (I.R.C).

R4 — 10,000-0hin, 10-watt wirelwound resistor (Elec-
trad).

Rs — 5000-0hm, 10-watt wire-wound resistor (Elec-
trad).

RFC — Universal-wound high-frequency chokes (Na-
tional Type 100).

Coildata are givenin the Table. All coils are wound
on National six-prong receiving coil forms (diamneter
1Y, inches).

Coil and tube sockets are Isolantite, made by Na-
tional. The knobs are G.R. Type 637-G.

The heaters of the two tubes are wired in parallel.
No center-tap resistor is used in the exciter unit it-
self; a 20-ohm c.t. resistor should be connected across
the heater winding at the power supply. The center-
tap should be connected to — B.

50-pufd. variable

is built for mounting on a rack — jacks are pro-
vided for reading the plate currents in each stage,
the meter terminals being connected to a "phone
plug.

The circuits of the individual stages are the
same as the simple triode crystal oscillator of
Fig. 709 and triode doubler of Fig 727-A. The
oscillator and doublers are tuned as described
in previous sections. The coupling taps on the
tank coils are used to avoid overloading the
various stages, as previously described in the
section on interstage coupling.

The exciter unit generally has an output
of only a few watts at the most, which
makes it impractical as a transmitter —
except for very low-power work — unless
it is used in conjunction with an ampli-
fier. The same type and amount of appa-
ratus — tuning condensers, coils, fixed
condensers, etc. — can be used with some-
what larger tubes to make a transmitter
having suflicient power output for ordi-
nary communication, and which in turn
can be used to excite & higher-power ampli-
fier if at any time larger tubes are to be in-
stalled in the station. A transmitter of this
type is shown in Fig. 734. It used a 47
crystal oscillator, operating on 3.5 me.,
16 doubler which can be switched in or

COIL DATA FOR 59 EXCITER

Length

oran g b e - t
Coil | Turns of Tap* Wire Size ”?::"’::;,,*

| Winding,
{ N |

A | 80 | 20 10

B 32 1" 8 5

C| 15 1 1 5

D 10 1 3 3

E h 1 No. 22 d.s.c.

{
i

Coil diameter is 1V, inches in all cases.
¢ Number of turns from ground end of coll.
**Turns close-wound.

Crystal Control

Output on Coil at Coil at | Coil at
L L2 | I3
L.75 me. n* None A
3.5 mec. C None B
T me Jumper B «
11 me. C C D

E. C. Oscillator

Output on C"’.:ll at CO;:lzal | Co;“laal
1.75 mec. B l None A
3.5 mec. C None B
7 mec. n B c
14 me. C | C D

|
¢ 1.75-mc. crystal.
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out of the circuit as needed, and a pair of 46’s in
parallel as a final amplifier on 3.5 and 7 me. and
as a doubler of 14 me. This particular layout will
give a crystal-controlled output of approximately
25 watts on either 3.5 or 7 me., and 15 watts
on 14 me. at the voltages recommended in the
circuit diagram, Fig. 735.

Band-switching complications are largely
avoided by using the final amplificr as a doubler
on 14 me., but at some sacrifice of efficiency. The
final stage is neutralized (regenerative) when dou-
bling — as described in the section on doublers —
so that the output is fairly good. All stages arc
adjusted in accordance with the instructions pre-
viously given. In normal operation the oscillator
plate current will be approximately 20 to 30 ma.,
doubler plate current 40 to 50 ma., and amplifier
plate current 100 to 120 ma. Plug-in coils are
used only in the final stage. For 7- and 14-mc.
work the switch Sw, Fig. 735, is thrown to the left,
connecting the doubler in the circuit. For 3.5 me.
the doubler is cut out by throwing Sw to the right.

Actual ncutralization of the amplifier on 14 me.
is difficult because the excitation is on 7 me. A
satisfactory setting of the neutralizing condenser
can be reached by increasing its capacity until
the amplifier self-oscillates, after which the capac-
ity should be reduced slightly to prevent self-
oscillation. This will give maximum safe regen-
eration and will result in improved efficiency
and output over the non-regenerative state.

When the output tube of the transmitter is to
be fairly large, the number of stages required can
be reduced to a minimum by obtaining the larg-

COIL CONNECTIONS

Ml

RFC.

16

=9 |]

O XTAL.O

OSCILLATOR SOCKET CONNECTIONS

FIG. 731 — OSCILLATOR COIL AND SOCKET WIR-
ING IN THE 59 EXCITER UNIT

The upper drawing shous the internal wiring of the

coils, looking down into the coil form. The wiring of

the two sockets into which Li may be plugged for
either crystal or e.c. control is shown below.

FIG. 732 — A PANEL-MOUNTED EXCITER UNIT
USING TWO TYPE 53 TUBES

This unit, with appropriate erystals, will give suf-
ficient output in five bands to excite a following low-
or medium-power amplifier. Its circuit diagram is
given in Fig. 733.

The tuned circuits run in regular order from left to
right, starting with the crystal circuit at the left. 4
56-mec. coilis shown mountedon the tuning condenser
at the extreme right. Jarks for connecting the various
stages to the transmission line are mounted on small
insulating strips which project from the rear of the
subpanel (at front in the photograph). The tuning
condensers are insulated from the subpanel and are
connected to the tuning dials by insulated couplings
and extension shafts.

est possible power step-up in each stage. Reduc-
tion in the number of stages often is a desirable
feature, not only because of economy but be-
cause the smaller the number of stages the less
the chances for trouble. The transmitter shown
in Figs. 736 and 738 illustrates this type of con-
struction. Although only three tubes are used,
considerahle power output can be obtained on any
of three bands with a single 3.5-me. crystal. This
set uses a 47 erystal oscillator, a 10 buffer amnpli-
fier or doubler, and a 203-A final amplifier. The
buffer-doubler stage is arranged to cover both
3.5 and 7 me. with a single coil and tank con-
denser, hence it is necessary to change coils only in
the final stage of the transmitter to change bands

The 203-A is used as a straight amplifier on the
3.5- and 7-mec. bands, and as a doubler on 14 me.
just as was done in the case of the low-power
transmitter described above. Operating conven-
ience dictates this procedure, since another
driving stage would be needed to operate the
203-A as a straight amplifier on 14 me. The cir-
cuit is regenerative when doubling. At normal
input to the tube (1000 volts, 150 ma.) the out-
put is more than 100 watts on 3.5 and 7 mc., and
75 to 90 watts on 14 me. Higher outputs can he
secured by increasing the input. The oscillator
normally operates at 350 volts and 30 ma., and
the doubler at 500 volts and 60 ma. Tuning of
the various stages should be done according to
the directions given earlier in the chapter.

Other Circuit Combinations

A Tube and circuit combinations that can be
worked out are numerous — so much so, in fact,
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that it is impossible in this chapter to do more
than suggest a few. Some representative eircuit
dingrams are given in Fig. 739. They are offered
chiefly as suggestions; parts of one circuit can be
combined with parts of another, different os-
eillator circuits can be substituted for those shown
for feeding one type of amplifier if the same or a
similar-power driver tube is retained, or different
interstage coupling and neutralizing arrange-
ments can be substituted in the amplifiers, and so
on. For example, in the circuit at (C) a pair of

Type 10 or 801 tubes eould be substituted in the
final amplifier; in fact any three-element tubes
could be used. Similarly, an 841 or a 46 with
Class-B triode conneetions could replace the
10 butfer-doubler. Plate and grid voltages suit-
able for the tube used should replace those in-
dicated, of eourse. If more than one doubler
stage is necded, a eircuit identieal with one of
those shown could be placed between the existing
doubler and amplifier diagrams. Simple ehanges
in the filament wiring would make it possible

THIRD DOUB.
ouTPUT

OouTPUT
8t) 4t)
U L6

53 HC 7 & J_C,

ﬁ ad BT
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FIRST DOUB. 0sC.
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2f) f)
éL, é i
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SECOND DOUB.
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FIG. 733 — CIRCUIT DIAGRAM OF TIIE 533 EXCITER UNIT

In this circuit the number of stages in use is determined by the fre-
quency at which output is desired and the frequency of the crystal.
When both these frequencies are the same, only the oscillator is used.
Other combinations readily can be worked out; for instance, if the
crystal is on 3.5 mec. and 1H-mc, output is wanted, a 3.5-me. coil would
be used at L1, 7-mc. coil at L3, and 14-mc. coil at Ls; if the erystalis on
7 mc. and outputis wanted on 1t mc., a T-me. coil would be used for Iy
and a 14-mc. coil at L3, etc.

Ci — Oscillator taning condenser, 100 yufd. (National ‘T'ype SE-100).

C2, C3, C4— Tuning condensers for first, second and third doublers,
respectively; 20 pufd. each (National Type SEU-20).

Cs, Cg, C7— Interstage coupling condensers, .001 ufd. each.

Cg — Insulating condenser, .001 ufd.

Co, Cio0, €1y, C12— Plate by-pass condensers, .01 ufd. each.

Ry — Oscillator grid leak, 5000 ohms, 2-watt, non-inductive.

R2 — First doubler grid leak, 20,000 ohms, 2-watt, non-inductive.

R3 — Second doubler grid leak, 10,000 ohms, 2-watt, non-inductive.

R4 — Third doubler grid leak, 10,000 ohins, 2-watt, non-inductirve.

RFC— R.f. chokes (Vational Type 100).

Jacks are of the single-closed-circuit type.

Coil specifications are given in the table below. All are wound on 1Y;-
inch diameter receiving-coil forms with the exception of the 36-me. coil.
Link windings for output coupling (L2, L4, Le, 1.8) are each two turns of
the same size wire as the main winding, and are wound between the
turnsof thelatter at the ground end. Pin and socket connections should
be the same for each coil and stage so that the coils will be interchange-
able to give proper combinations with different crystals. The 56-mc, coil
is a self-supporting winding of No. 10 wire, diameter of coil 1V, inches.

1.75 3.5 7 14 28 56
Frequency me. me. me. me. me. me.
Total Turns 60 35 20 10 4 3
Tap Tarns* 20 12 6 3 1Y, —_
Length ** 15" "/2” "/2” ’l/‘ll 7/8” 1”7
Wire Size No. 28 No. 22 No. 16 No. 16 ‘0. 14 No. 10

“* Exeltatlon tap turns are counted from ground end of coll,
** The turns are spaced to occupy the winding length given,

to use tubes having indirectly-
heated instead of directly-heated
eathodes.

Circuit Values in
Transmitters

A The practical cireuit diagrams
just given indicate the values of
by-pass condensers and other cir-
cuit components in most general
use. By-pass condenser values in
partieular are rarely ecritical. A
by-pass is in the eircuit simply
to provide a low-impedance path
for the flow of r.f. current, and so
long as it does its intended job
the value of capacity used does
not matter. In the larger sizes,
.01 pfd. and up, however, con-
densers often will exhibit some
induetanee as well as eapacity, so
that there is a possibility that the
condenser may be self-resonant at
some high frequency. A condenser
having such resonance will eause
the circuit to work poorly at
frequencies near the eondenser’s
natural period. It is usually ad-
visable to use mica condensers in
high-frequeney eireuits, although
non-inductively wound paper
condensers often will give good
service. In all purely by-pass ap-
plications, capacitics of .002 pfd.
or larger will be satisfactory.

Condensers used for coupling
two stages together may be more
critical in value, as explained in
the section on interstage eoupling.
In such cases the best value can
be determined experimentally in
ease no definite specifications are
at hand. In other coupling appli-
cations values between 100 uufd.
and 250 pufd. will be satisfaetory,
although larger values sometimes
are used.

Resistors whieh earry r.f. as
well as direet current either should
be non-induetive or should be by-
passed by condensers of .002 ufd.
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FIG. 734 — A CRYSTAL-CONTROLLED TRANSMI'T-
TER FOR OPERATION IN THHREE AMATEUR BANDS

The circuit diagram is given in Fig. 735. The oscilla-
tor and doubler, using a 47 and 46 respectivelv, are
mounted on the horisontal baseboard, with oscillator
at the right. Tuning condensers and coilsare located
near the tubes with which they are associated. The
switch forcutting thedoubler in and out of the circuit
is located between the two coils.

The final amplifier, two 46’s in parallel, is mounted
on the vertical baseboard. The tubes and neutralizing
condenser are on a small shelf; above the tubes is the
plate tank condenser. A bakelite strip with five G.K.
jacks, mounted above the tank condenser, provides a
plug-insocket for theamplifier platetankandantenna-
coupling coils, which are wound on the same form.

or more, otherwise the resistor will tend to act as
an r.f. choke. Where the resistor need only carry
one or two watts, non-inductive pigtail-type re-
sistors are satisfactory and inexpensive.

Radio-frequency chokes may be home-wound
or purchased. The manufactured sectional-
wound chokes, using lattice or honey-comb type
windings, are more satisfactory and work over a
wider frequency range than home-mnade ehokes.
IIome-wound chokes usually work best in a single
amateur band, although a workable compromise
often can be reached which will permit the
choke to work well in two or three bands.
Chokes are best wound with the smallest size
wire which will carry the current in the circuit,
and should be wound on a form of small diameter
— one-half to one inch. Windings between two
and three inches long, using No. 32 or 34 wire,
will be found quite satisfactory as general-pur-
pose chokes for moderate power.

Antenna Coupling

A In most of the circuit diagrams given in this
chapter, a coil coupled to the tank coil of the os-

25V,

FIG. 735— COMPLETE CIRCUIT DIAGRAM OF
THE LOW-POWER CRYSTAL TRANSMITTER

Cy — Oscillator tuning condenser; 140-ppfd. midget
condenser, Hanumarlund.

C2— Doubler tuning condenser; same as C).

C3 — Oscillator plate blocking condenser; 500-uufd.
mica condenser.

Cs — Doubler plate bypass condenser; same as C3.

Cs — Coupling condenser; 100-pufd. mica condenser.

Cg — Screen bypass condenser; .00l-ufd. mica con-
denser.

C7— 150-ppfd. variable condenser (Cardwell 405-13).

Cs — 50-pufd. midget condenser (Hammarlund MC-
50-5).

Co — .001-pfd. mica condenser.

Cr0 — $0-pufd. mica condenser (see text).

Ri, R:— Filament center-tap resistors; 20 ohms,
center tapped.

R3 — Oscillator grid leak; 5000 ohms, 2 watt.

R4 — Screen dropping resistor; 50,000 ohms, 5 watt.

Rs — Doubler grid leak; 20,000 ohms, 2 watt.

Re — 20-ohm center-tapped resistor.

R7 — 1000 ohms, 2 watt.

Swe—D.P.D.T. Porcelain-Base Switch.

RIF'C— Short-wave choke (National Type 100).

X — Ultra-high-frequency choke to be inserted here,
if necessary, to prevent parasitic oscillation. A
suitable coil can be made by winding 15 turns
of No. 20 d.c.c. wire on a diameter of V4 inch.

Ly — Oscillator tank coil; 21 turns of No. 14 enamelled
wire on 2’ bakelite tube, spaced to occupy 2
inches.

L2 — Buffer tank coil; 11 turns same construction as
Ly but spaced to occupy 1V inches.

AMPLIFIER COIL DATA

Band L4 Ls
3500 kc. 20 turns tapped at 12th 8
7000 kc. 11 turns tapped at 7th 5

11,000 kc. 7 turns tapped at 4th 5

Taps are from plate ends of coils. Ly turns are
spaced to make length of 3500-kc. coil 2", 7000-kc.
coil 14", 14,000-kc. coil %s"'. Ls spacing between turns
equal to approximately half the diameter of wire.
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FIG. 736 — A THREE-TUBE CRYSTAL-CONTROLLED
TRANSMITTER OF MEDIUM POWER OUTIPU'Y

The circuit diagram is giren in Fig. 737. The crystal oscillator is
at the right, followed by the Type 10 buffer-doubler and the 203-4 out-
put tube. The variable condensers, going from right to left, are the
oscillator tank condenser, buffer neutralizing condenser, buffer tank
condenser, 203-4 neutralizing condenser, 203-4 tank condenser, and
antenna tuning condenser., The two neutralizing condenscrs are
mounted on small bakelite pancls to insulate them from the baseboard.
The final amplifier coils rest on glass rods. The filament by-pass con-
densers for the oscillator and doubler are mounted on short vertical
pieces of copper tubing directly behind the tubes. The plate blocking
condensers for the first tico stages are located near the plate terminals
on the sockets holding the tubes. All other fixed condensers and all r.f.
chokes and biasresistors are mounted underneath the baseboard. Bind-
ing post strips at the back of the board furnish means of connecting to
power and bias supplies. The rear view of the set, Fig. 738, will help give
a clearer idea of the arrangements of the parts on the baseboard.

The narrow wooden panel below the baseboard holds an antenna
ammeter, plate milliammeter for the final stage, filament voltmeter

or feeder. In the balanced sys-
tem, two coils, L, and L., are
used; the input taps are equidis-
tant from the ground point on the
amplifier tank coil. Any type of
amplifier or oscillator circuit can
he substituted for that shown,
although in the circuit at B the
tank circuit should be balanced,
i.e., the ground should come at
the center of the tank. If the os-
cillator or amplifier is not parallel
fed it is advisable to insert high-
voltage blocking condensers of
about .002 ufd. capacity in series
with the filter input leads, to insu-
late the antenna from the plate
voltage.

Adjustment is as folows: With
the filter disconnected, tune the
amplifier or oscillator to reso-
nance — the point of plate cur-
rent minimum in the case of an
amplifier or to the desired fre-
quency in the case of an oscillator.
Set the taps on L, (and L, if used)
approximately as indicated under
the circuit diagram for the band
in use. Connect the filter to the
tank cireuit, placing the taps
about midway between ground
and the ‘“hot’’ end of the coil.

Jor the 203-4, and a plate milliammeter for the doubler.

cillator or final amplifier is shown for transferring
power from the transniitter to the antenna. The
method of coupling the antenna to the set will
not necessarily be by means of inductance coils,
however; the type of antenna and feeder system
used will often make a different type of coupling
necessary. Coupling systems ss a function of
antenna and feeder design are treated in detail
in the chapter on ““ Antenna Systems,” to which
the reader is referred for specific examples.

One type of antenna coupling arrangement,
however, can be used to couple almost any type
of transmitter to any type of antenna. Actually a
low-pass radio-frequency filter, it provides a
means of matching the load resistance repre-
sented by the antenna or feeders to the optimum
load resistance for the oscillator or amplifier.
Two types of filter are used, one for those antenna
systems which involve hringing but a single wire
into the station, and balanced or two-wire sys-
tems. The filters, with connections to a typical
amplifier or oscillator, are shown in Fig. 740.
In the unbalanced or single-ended system at A,
the filter consists of the condensers C, and C,
and the inductance coil L. In this case one side of
the filter is grounded; on the other side the input
terminal is tapped on the amplifier tank coil and
the output terminal is connected to the antenna

Apply plate voltage and rotate (',
rapidly to find the point of plate
current dip. This dip will not be to the no-load
plate current value but probably will be to a value
nearer the rated plate current of the tube. If the
minimum plate current is too high, decrease the
capacity of (; and retune C, to resonance; if the
plate current is too low, reverse the procedure.
The amplifier or oscillator tank condenser should
not be touched during these adjustments.

Antenna current will be indicated by the am-
meter A. The object of adjustment is to obtain
the highest antenna current with the lowest plate
current to the tube or tubes. Varying the in-
ductance of L; and L, probably will help in at-
taining this result, although the inductance
values usually are not critical.

Besides being universal in its application to
transmitters and antenna systems, the antenna-
coupling filter also will attenuate harmonic out-
put, a highly-desirable feature.

Metering

A A certain number of meters is essential to the
correct adjustment and operation of a trans-
mitter. It will have been noticed particularly in
all the foregoing discussion that frequent refer-
ence is made to the use of a plate-current milliam-
meter, without which adjustments become largely
a matter of guesswork. It is not necessary, how-
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ever, to have a separate plate meter for every
tube or stage in the transmitter; by means of a
plug and jack system such as was shown in Fig.
733 it is possible to read plate currents in any
number of stages with but one milliammeter of
suitable range.

The most suitable plate meter probably is one
the full-scale reading of which is approximately
twice the rated plate current of the tube (or
tubes, if two are used in push-pull or parallel).
Reference to the table of transmitting tubes will
make it easy to select a meter of proper range if
this rule is followed. For grid-current readings, a
0-100 milliammeter is satisfactory for practically
all tubes except those of highest power. The
method of connecting the meter for these read-
ings has been given in Fig. 718.

With power tubes, especially those having
thoriated tungsten filaments, a filament volt-

Plate voltmeters are occasionally used by
amateurs, but are not essential to the adjustment
of the transmitter. They do afford a means of
checking the actual voltage applied to the tube,
however — the actual voltage often being con-
siderably different from the power-supply trans-
former voltage — and make it possible to deter-
mine the power input with some exactness.

Harmonie Suppression

A Operating a power oscillator or amplifier at
high efficiency results in a plate output having a
greatly-distorted wave form; in other words, har-
monics are present in considerable strength in the
output. Since the output tank circuit is resonant
only for the fundamental frequency the har-
monics are filtered out to a large extent, but
despite the filtering action of the tuned circuit
there may be enough harmonic content in the

meter represents an economy, since it
will indicate whether the filament
voltage is too high or too low, both
conditions being detrimental to tube
life. The voltage applied to a thori-
ated tungsten filament should never
be more than 5% above or below
the rated value. A filament volt-
meter always should be connected
near the tube socket, since there may
be considerable voltage drop in the
leads from the filament transformer
to the socket, especially with tubes
taking large filament currents.

Whenever possible, a meter should
be located so that it is not in the field
of a transmitting coil, since enough
r.f. energy may be picked up to dam-
age the movement. In parallel-fed
circuits it is advisable to connect a
by-pass condenser of about .002 nfd.
capacity directly across the meter
terminals so that any r.f. that escapes
through the r.f. chokes in the trans-
mitter will not have to flow through
the meter itself.

The thermo-coupled antenna am-
meter ranks next to the plate mil-
liammeter in utility. Its range will be
dependent upon the type of antenna
system employed and the power out-
put of the transmitter. For most low-
power sets — up to 50 watts output
— an ammeter having a 0-1.5 or 0-2
range will be satisfactory with cur-
rent feed to the antenna or feeder
system at the coupling point. When
voltage feed is used the current is
quite small and ammeters of ordinary
range are not of much value. For
outputs of 50 to 250 watts an am-
meter of 0-4 or 0-5 amperes will be
suitable.

+1000

+500

+350

10v -90  15V. -8 -90 2.5v.
+C
FIL.C.T.
FIG. 737 — CIRCUIT DIAGRAM OF THE THREE-TUBE
TRANSMITTER

C; — Filament bypass condensers, 0.004 uyfd. (not critical).

C2 — Grid bypass condensers, 0.002 ufd.

C3 — Oscillator plate-blocking condenser, 100 pufd.

Cs — Buffer plate-blocking condenser, 250 upfd.

Cs — Oscillator tank condenser, 250-pufd. variable.

Cs — Buffer tank condenser, 350-pufd. variable.

C7— Amplifier tank condenser, split-stator transmitting condenser;
total capacity, sections in series, 100 pufd.

Cs — Antenna tuning condenser, 500-uufd. variable.

Co — Buffer nentralising condenser, 50-uufd. midget variable.

Cr0 — Amplifier neutralising condenser, 50-ppufd. transmitting vari-
able (Cardwell 410-B).

C11 — Oscillator screen bypass condenser, 0.002 ufd.

L1 — 21 turns of No. 12 enamelled wire on 2-inch form, close-wound.

L2 — 10 turns of No. 12 enamelled wireon 2-inch formn, spaced slightly
less than diameter of wire. Neutralizing winding consists of
6 turns, close-wound, Ya-inch from tank coil.

L3 — 3.5 mec.: 20 turns of Ya-inch copper tubing, coil diameter 3%,
inches, spaced to make coil length 4 inches.

7 mc.: 9 turns of Vg-inch copper tubing, coil diameter 34
inches, spaced to make coil length 13 inches.
It me.: ¢ turns of Vg-inch copper tubing, coil diameter 312

inches, spaced to make coil length 1inch.

Ly — Antenna coupling coil. 4 turns, construction similar to L3.

R1 — Oscillator grid leak, 5000 ohms, 2-watt rating.

R2 — Buffer grid leak. 50,000 ohins, 2-watt rating.

R3 — Amplifier grid leak, 20,000 ohms, 10-watt rating.

R4 — Oscillator screen dropping resistor, 50,000 ohms, 2-watt rating.

My — 0-200 d.c. milliammeter.

Mz — 0-300 d.c. milliammeter.

V-~ 0-15 a.c. voltmeter.

A=—0-2.5r.f. ammeter.



114

The Radio Amateur’s Handbook -+ -+ -

power delivered to the antenna to cause inter-
ference on the harmonic frequencies. Since har-
monics often will fall outside the frequency bands
assigned to amateurs, there is danger of off-fre-
quency operation as well. The amateur regula-
tions require that the transmissions shall be as free
from harmonics as the state of the art permits.

utilizing a grounded-rotor split-stator tuning
condenser — see IMig. 717-G — are more effective
in eliminating harmonics than the type shown in
717-F.

Aside from those steps which can be taken to
reduce harmonics in the plate circuit of the final
amplifier stage, beneficial results can be secured

FIG. 738 — A REAR VIEW OF TIIE THREE-TUBE THREE-BAND TRANSMITTER

This photograph shows more clearly than the front view the way in which the parts are ar-
ranged on the baseboard. The crystal holder plugs into a mounting just to the left of the oscilla-

tor tube.

The use of an output tank circuit having a
relatively large capacity-to-inductance ratio
(high-C) will reduce harmonics. While this is
quite usual practice in self-controlled transmit-
ters, the use of low-C tank circuits in oscillator-
amplifier transmitters is general because the
efficiency is higher with low-C. Nevertheless,
slightly lower efficiency with high-C is preferable
to off-frequency operation. Loosening the antenna
coupling also will reduce harmonic radiation.

In neutralized amplifier circuits, those neu-
tralizing schemes in which the tube output is
conneeted across a condenser — such as those in
I'ig. 717-C and 717-G — will discriminate against
harmonics to a greater extent than the systens
in which the grid and cathode are connected
across part of a tapped coil, such as 717-B. This is
because the condenser more effectively short-
circuits the harmonics than the coil; in other
words, the condenser impedance at the harmonic
frequencies is smaller than the coil impedance at
those same frequencies.

The push-pull amplifier possesses the character-
istic of suppressing the even harmonics in its
output circuit, although odd harmonics will be
present to the same degree as in single-tube
amplifiers of equivalent power output. Since the
second harmonic is the most serious offender,
however, the use of push-pull will do much to
eliminate harmonic radiation. Those -circuits

by using certain types of antenna coupling and
feeder systems. Inductive coupling to the feeder
is preferable to direct coupling, from the stand-
point of harmonic elimination. Likewise, the
coupling coil should be coupled to the tank at a
point of low r.f. potential — at the filament end in
output systems which are not balanced with
respect to ground; at the center of the coil in
balanced systems —to prevent electrostatic
coupling between the tank and feeder circuits.
Feeder systems having a current loop at the
coupling apparatus will discriminate against
even harmonies; a quarter-wave Zepp feeder is
an example of this type of feeder system. Di-
rectly-coupled feeders will do little to prevent the
radiation of harmonies; the directly-coupled
single-wire fed antenna is practically as good a
radiator at harmonics as at the fundamental
frequency.

As for the antennas themselves, those systems
which are center-fed through a low-impedance
untuned transmission line will diseriminate
against even harmonics; an end-fed antenna or
one fed through a high-impedance line such as
the single-wire system and the doublet with
fanned feeders will not, practically speaking.
Grounded antennas (Marconi type) and center-
fed antennas without transmission lines (some-
times called antenna and counterpoise) also are
poor radiators of even harmonics.
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The antenna-coupling filter previously de-
scribed is effective in preventing harmonic radia-
tion. Because of the properties of the filter,
frequencies higher than the fundamental, to
which the filter is resonant, are practically short-
circuited and do not reach the antenna.

To check for harmonic radiation it is necessary
to enlist the cooperation of another amateur
station a few miles distant from the transmitter.
Have the other operator listen for the harmonics
to check their strength relative to that of the
fundamental frequency. If a strong harmonic is
detected, steps should be taken to reduce its
strength. The discussion above should be of
assistance.

FIG. 739 — SOME CRYSTAL-
CONTROL TRANSMITTING
LAYOUTS —

As with the self-controlled J
circuits of Fig. 733, substitu-
tions or modifications can be
made in any of these circuits.

If it is inconvenient to make major changes to
the apparatus or antenna and feeder system,
harmonics often can be brought to satisfactorily
low strength by the use of tuned trap circuits.
One method which has proved successful in a
number of cases is shown in IFig. 741. The trap
circuits are tuned to the frequency of the har-
monic to be eliminated; a simple unilateral con-
nection is used between the trap and the antenna
or feeder. Best results will be secured by listening
to the harmonic in the monitor while the trap
condenser is slowly varied; the minimum point
should be quite clearly defined. The tuning can be
checked by having another station listen while
the trap is tuned. A low-C trap seems to be most

The simple crystal oscillator
and amplifier shown at A4 is
good for operation in only one
or at the most two bands with
a single crystal; the amplifier
can be used as a doubler for
operation on the second har-
monic of the crystal fre-

quency. The arrangement at
B will work on two bands.
Circuit C illustrates the use
of the Tri-tet oscillator, neu-
tralized buffer or doubler,

(®)

—oF —

and changing from a single-
ended stage to push-pull. In
D the power step-up in each
stage is greater than in the
first three circuits; this trans-
mitter could be used with
good results on three bands.
Circuit values should be ap-

proximately as follows: (RIANE:

Ci — 250-ppufd. variable con- G L
denser. qT—I i,_c

Cz2 — 100-ppfd. variable con- = | RFC o1
denser. i [rrc Q‘T‘Q I

Cs — 100-ppfd. fixed mica con- 1,8 ol
denser. e 1

Cy — .002-pfd. or larger fixed J 1473

q ] 1 Cn

mica condenser. 1 | }

Cs — 50-pufd. fixed mica con- 1 | \9 RFC
denser. ] ! 800,825

Cs — 350-pyufd. variable con- oo llah & ool i20 830 or RK18 o
denser. -8 T0 1000

C7 — 100-ppufd. (both sections
in series) split-stator
condenser.

C. — Neutralizing condenser;
see Tube Table and sec-
tionon* Neutralizing.”

K1 — 20 ohms, center-tapped.

R2 — 10,000 ohms.

R3 — 50,000 ohms.

R4 — 100,000 ohums.

Rs — 5000 ohms.

BUFFER OR DOUBLER
800, 825
830 ar RKI

Tank coil sizes will be found
in the table of coil specifica- Ry
tions; select a coil which will
tune to the desired frequency
in conjunction with the vari-
able d r ded.

+400

(41

+150
-8 10 1000

+250 +2000
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effective. The trap will not affect the funda-
mental output of the transmitter.
Parasitie Oscillations

A If the circuit conditions in an oscillator or
amplifier are such that oscillations at some fre-

o

D
ﬂ' a
2000

& Feeders
H s
(®) I .
E "‘ T
=
RFC
S Sheub——®
lTi W = c { Ant. or
(8) = Cc, Feeders
= IILIz“ | ®
QI ¥

+

FIG. 740 — ANTENNA-COUPLING FILTERS

Their use and adjustment is explained in the text.
Condensers €1 and C2 should have a maxinuom
capacity of 250 pufd. or more, with plate spacing suf-
Jicient to withstand the r.f. voltages developed by the
transmitter. For powers up to 30 watts, receiving-
condenser spaeing will be satisfactory; for higher
power, transmitting-type condensers should be used.

For operation fromn 1.75 to 14 me., the inductances
L1 and L2 should be 30 turns each wound to a 2V-
inch diameter and 513 inches long, tapped ervery five
turns. Approximate settings on L1 and Lz are 30 turns
Sfor 1.75 me., 15 turns for 3.5 me., 10 turns for 7 me.,
and 5 turns for 14 me. The coils may be wonnd with
No. 12 or No. 1t enamelled wire.

quency other than that desired can and do exist,
such oscillations are appropriately termed
“‘parasitic.” The energy required to maintain a
parasitic oscillation is wasted so far as useful
output is econcerned, hence an oscillator or
amplifier afflicted with parasitics will have low
efficiency and frequently will operate erratically.
In addition, parasitic oscillations in the self-con-
trolled oscillator ean ruin the frequency stability
and spoil completely the character of the note.

Parasitic oscillations may be higher or lower
in frequency than the nominal frequency of the
oscillator or amplifier. Low-frequency parasitics
are relatively uncommon, but occasionally exist
as the result of unfortunate choice of by-pass
condenser and r.f. ehoke values. One way in
which such a parasitic oscillation can be gener-
ated is shown in Fig. 742. A driver and neutralized
amplifier are indicated, but this type of oscilla-
tion ean exist in any eircuit having r.f. chokes
in both the plate and grid circuits. There is al-

ways some capacity shunting the chokes; if the
inductances of the chokes and the shunting
capacities happen to be such that both chokes
are tuned to approximately the same frequency,
a tuned-grid tuned-plate type of oscillation may
be set up. The normal tank circuits will have but
little effect on the oscillation. If oscillations of
this type occur they can be avoided, usually, by
ehanging the size of the plate by-pass condenser
or by removing a choke in a series-feed circuit.
In general, it is better to omit r.f. chokes with
scries feed and depend upon the by-pass condens-
ers to keep the r.f. currents in the right path. If
the by-pass condensers are large enough the chokes
will not be necessary.

A type of parasitic oscillation peeuliar to the
neutralized amplifier is indieated in Fig. 743.
It results from the use of a tapped plate tank
coil for neutralizing and 2 similar tap on the
driver tank coil for control of excitation. The
parasitic circuit, again a t.p.t.g. type of oscilla-
tion, is through the shaded parts of the tank coils.
This is a particularly vicious type of parasite;
it is a persistent oscillator and usually requires a
change in the design of the transmitter for its
cure. A neutralizing circuit using a split-stator
condenser (Fig. 715-C) will cure it; so also will
discarding the tap on the driver tank, feeding the
amplifier grid through a smaller coupling con-
denser connected directly to the plate end of the
driver tank coil. The latter scheme does not result
in particularly efficient coupling between driver
and amplifier, however, A change to inductive
or transmission-line interstage coupling also will
be beneficial.

Fig. 744 shows one way in which ultra-high
frequeney parasitie oseilla-
tions can be set up in a neu-

e tralized amplifier; the same
type of oscillation could exist
in a Hartley oscillator with
too-long leads. The leads
to the tank circuit, if more
than a few inches long, pos-
sess enough inductance to
tune the shaded circuit in
the three- to five-meter re-
gion; an ultraudion-type os-
cillation is set up. Chang-
ing the physical layout to
shorten the leads should
eliminate the parasitic.

Ultra-high frequency par-
asitic oscillations sometimes
occur when tubes are con-
nected in parallel because
of the length of the leads
connecting the grids and
plates of the two tubes.
The same type of oscillation
ean occur in push-pull eir-
cuits if the leads from the

Single - Wire Feed

$ Morcons

FIG. 741—TUNED

TRAP CIRCUITS TO

REDUCE HARMONIC
RADIATION
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grids and plates of the two tubes to the tank cir-

cuits have approximately the same length. Such

oscillations can be eliminated by putting small r.f.

chokes in either the plate or grid leads, but not

in both. The chokes ean consist of a few turns of
s

IBLe

(&) %
Ll

+82 -8 48,

J1INC
11

<
RFC,

(8)

+8,
FIG. 742—HOW LOW-FREQUENCY PARASITIC
OSCILLATIONS CAN BE GENERATED

fairly heavy wire (No. 18 or larger) wound in a
coil having a diameter of about a quarter inch.

Other Transmitter Troubles

A The parasitic oscillations just discussed are
one of the chief eauses of inefficiency in oscillator-
amplifier transmitters, although thisis not always
realized by the builder and operator. If an am-
plifier tube runs hot or behaves erratically for no
apparent reason, it should be tested for self-
oseillation by shutting off the exeitation and re-
ducing the bias on the tube until it draws some
plate current. Under these eonditions the para-
sitie oscillation usually will start and may be
detected with the aid of a neon lamp touched to
various parts of the circuit. If the plate current
is found to vary as the tuning condensers are
swung through their range or when the plate or
grid of the tube is touched with the finger (need-
less to say, the finger test should not be used
when the plate voltage is high enough to cause
serious shock) the tube is almost certainly
oscillating. An absorption wavemeter of wide
range, such as the one deseribed in Chapter