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W1iMK, THE HEADQUARTERS STATION OF THE A.R.R.L. AT HARTFORD, CONN.

These views of power supplies and operating position show good station amange-
menl. Note the neatness and accessibility of every plece of apparatus. High voltage
d.c. is obtained from a motor-generator and @ mercury-arc rectifier and filter, with
facllities also available for using mercury-vapor rectifiers. Fuses, refays, batterles, and
charging equipment are all in the power-supply room. The single-signal recelver 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 transmilter for sending Official Broadeasts to A.R.R.L. members. On

the toble is the 3500-4000-kc. band transmitter using two Type 04-A tubaesi n a seli-
excited T.P.T.G. clrcult. The panel transmitter below works on the 7-mc. and 14-mc.
bands. This is a controlled-temperature crystal-excited set terminating in @ Type 61
tube, Two-wite voltage (Zeppelin) feed is used to separate antennas for the iwo
transmitters, and a separate receiving antenna facilitates ‘‘break-in® work. W1MK
is o busy station but Is always ready for a call from any “ham.” See page 17
for the schedule of regular transmissions of addressed information to A.R.R.L.
members.
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The Amateur’s Code

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

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

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

The Amateur is Friendly. Slow and patient sending
when requested, friendly advice and counsel to the
beginner, kindly assistance and codperation for the
broadcast 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 to his home, his job, his school, or his com-
munity.

The Amateur is Patriotic. His knowledge and his
station are always ready for the service of his country
and his community.
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THE STORY OF AMATEUR RADIO

AMATEUR radio represents,
to upwards of fifty thousand people, the most
satisfying, most execiting of all hobbies. Forty
thousand of these enthusiasts are located in the
United States, for it is this country which gave
birth to the movement and which, since the be-
ginning, has represented its stronghold.

When radio broadecasting was first introduced
to the public a few years ago it instantly caught
the fancy of millions of people all over the world.
Why? Because it fired their imagination — be-
cause it thrilled them to tune in a program direct
from some distant point, to hear speech and music
that was at that moment being transmitted from
a city hundreds and even thousands of miles
away. To be sure there was also a certain amount
of entertainment value, and it is true that as the
years have passed this phase has become upper-
most in the minds of many listeners; yet the
thrill of “dx” is still a major factor in the minds
of hundreds of thousands of people, as witness the
present growing popularity of international
short-wave reception of foreign programs.

That keen satisfaction of hearing a distant
station is basic with the radio amateur but it has
long since heen superseded by an even greater
lure, and that is the thrill of falking with these
distant points! On one side of your radio amateur’s
table is his short-wave receiver; on the other side
i8 his private (and usually home-made) short-
wave transmitter, ready at the throw of a switch
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-type tubes
makes it possible to develop friendships in every
State in the Union, in dozens of countries abroad.
Of course, it is not to be expected that the first
contacts will necessarily be with foreign amateurs.
Experience in adjusting the simple transmitter, in
using the right frequency band at the right time
of day when foreign stations are on the air, and
practice in operating are necessary before com-
munication will be enjoyed with amateurs of
other nationalities. But patience and experience
are the sole prerequisites to foreign contacts;
neither high power nor expensive equipment is
required.

Nor does the personal enjoyment that comes
from amateur radio constitute its only benefit.
There is the enduring satisfaction that comes
from doing things with the apparatus put to-
gether by our own gkill. The process of designing
and constructing radio equipment develops real
engineering ability. Operating an amateur station
with even the simplest equipment likewise devel-
ops operating proficiency and skill. Many an
engineer, operator or executive in the commercial
radio field got his practieal background and much
of his training from his amateur work. So, in
addition to the advantages of amateur radio as a
hobby, the value of systematic amateur work to a
student of almost every branch of radio cannot
well be overlooked. An increasing number of
radio services, each expanding in itself, require
additional personnel, technicians, operators, in-
spectors, engineers and executives and in every
field a background of amateur experience is
regarded as valuable.

» 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 Marconi had astounded
the world with his first experiments proving that
telegraph messages actually could be sent be-
tween distant points without wires. Marconi 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 citizen saw in the new
marvel a means for personal communication 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. Object: the fun
and enjoyment of ‘‘wireless” communication
with a few friends. Urge: the thrill of DX (one to
five miles — maybel). That was thirty-odd years
ago.

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

Pre-war amateur radio bore little resemblance
to the art as we know it today, except in prinéiple.
The equipment, both transmitting and receiving,
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 onme-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.

P 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 suthority
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 waslifted
and amateur radio resumed again. Even before
the ban was lifted in October, 1919, old-timers all
over the country were flocking back to the
League, renewing friendships, planning for the
future. When licensing was resumed there was a
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 wvacuum 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 milcs, 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 radiol 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 hegan 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, 1IMO,
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
threatened until the first of a series of radio con-
ferences partitioned off various bands of fre-
quencies for all the different services clamoring
for assignments. Although thought was still cen-
tered on 100 meters, League officials at the first of
these conferences, in 1924, came to the conclusion
that the surface had probably only been scratched,
and wisely obtained amateur bands not only at 80
meters, but at 40 and 20 and 10 and even 5
meters.

Many amateurs promptly jumped down to the
40-meter band. A pretty low wavelength, to be

sure, but you never could tell about these short
waves. 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!

» 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.L. 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 been developed to meet the
special conditions incident to communicating 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
broadcast engineers in the country knew what
was meant by ‘1009 modulation” the tech-
nical staff of the A.R.R.L. was publishing articles
in @ST 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. From the
League’s Iaboratory, too, came, in 1932, the sin-
gle-signal superheterodyne — the world’s most
advanced high-frequeney radiotelegraph -re-
ceiver. And in 1933 came another great contribu-
tion to transmitter practice in the form of the
tri-tet crystal oscillator, simplifying the high-
frequency crystal controlled transmitter by
reducing the number of stages necessary and
improving transmitter reliability, stability and
efficiency.

» 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-
ferences. 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 source of skilled radio
personnel in time of war. The other is best
described by the words ““public service.”

We have already seen 3500 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 be-
tween the Army and Navy and the amateur. Sev-
eral things occurred in the next few years to
strengthen these relations. In 1924, when the
U. S. dirigible Shenandoah made a tour of the
country, amateurs provided continuous contact
between the big ship and the ground. In 1925
when the United States battle fleet made a cruise
to Australia and the Navy wished to test out
short-wave apparatus for future communication
purposes, it was the League’s Traffic Manager

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

Definite friendly relations between the ama-
teur and the armed forces of the Government
were cemented in 1925. In this year both the
Army and the Navy came to the League with
proposals for amateur cooperation. The radio
Naval Reserve and the Army-Amateur Net are
the outgrowth of these proposals.

The public service record of the amateur is a
brilliant one. These services can be roughly di-
vided into two classes: emergencies and expedi-
tions. It is regrettable that space limitations pre-
clude detailed mention of amateur work in both
these classes, for the stories constitute some of the
high-lights of amateur accomplishment. As it is,
only a general outline can be given.

Since 1919, amateur radio has been the princi-
pal, and in many cases the only, means of outside
communication in more than thirty storm and
flood emergencies in this country. The most note-
worthy were the Florida 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 the
“Viking” explosion disaster in Labrador, 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 réle 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 vicin-
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
Aretic 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 cooperation; in 1925 three
benefited by amateur assistance, and by 1928 the
figure had risen to nine for that year alone. Each
year since then has seen League headquarters in
receipt of more and more requests for such ser-
vice, until now a total of approximately a hundred
voyages and expeditions have been assisted.
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To-day practically no exploring trip starts from
this country to remote parts of the world without
making arrangements to keep in contact through
the medium of amateur radio.

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

The American Radio Relay League

The American Radio Relay League is to-day
not only the spokesman for amateur radio in this
country but is the largest amateur organization in
the world. It is strictly of, by and for amateurs, is
non-commercial and has no stockholders. The
members of the League are the owners of the
AR.R.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 advancement of the radio art. It
stands for the maintenance of fraternalism and a
high standard of conduct. One of its principal
purposes is to keep amateur activities 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 Fre-
quency Stations throughout the United States;
installations equipped with the most modern
available type of precision measuring equipment,
and transmitting ‘“marker” signals on year-
’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 can find out what division you
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 years
by the membership of each United States division,
and a Canadian General Manager is elected every
two years by the Canadian membership. These
directors then choose the president and vice-
president, who are also directors, of course. No
one commercially engaged in selling or manufac-
turing radio apparatus can be a member of the
Board or an officer of the League.

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

The League owns and publishes the magazine
QST. QST goes to all members of the League
each month. It acts as a monthly bulletin of the

League's organized activities. It serves as a
medium for the exchange of ideas. It fosters ama-
teur spirit. Its technical articles are renowned.
QST has grown to be the “amateur’s bible” as
well as one of the foremost radio magazines in the
world. The profits QST makes are used in 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-
munications Department coordinates practical
station operation throughout North America.

Headquarters

From the humble beginnings recounted 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 concerns membership, legislation, or
general questions on the construction or opera-
tion of amateur apparatus. If you don’t find the
information you want in QST or the Handbook,
write to A.R.R.L. Headquarters, West Hartford,
Connecticut, telling us your problem. All replies
are directly by letter; no charge is made for the.
service.

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

W1MK

For many years 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 dream became 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 Headquarters or by consulting
the current issue of QS7T. While much 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 charaeteristic and inimitable. There is much
speculation in amateur circles concerning the
identity of T.O.M., but in eighteen years of
writing he has not once given a clue to his real
name or call.
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The Wouff-Hong is amateur radio’s most sacred
symbol and stands for the enforcement of law and
order in amateur operation. It came 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

r-"':-

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
QS8T. 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 majority 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.

Qur Amateur Bands

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 broadcast 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 broadcasting 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 frequency bands at will.
Let us now discuss briefly the properties peculiar
to each of them.

The 1716-kc. band, which carried all our ac-
tivity before experimenters opened the way to
each of the higher frequency bands in turn,

F E D

©0,000- 56,000 Ke. 30000-28,000 Ke. 14,400 - 14,000 Kc.

7300 - T000 Ke

from South Africa, New Zealand and other re-
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 increased range of the ‘“‘sky wave’’ brings in
signals from the other coast and the increased
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RELATIVE POSITION AND WIDTH OF THE AMATEUR BANDS IN THE HIGH-FRE-
QUENCY SPECTRUM

(There is also a band from 400 to 401 Mc., not shown in this drawing)

always served amateurs well for general contact
between points all over the country. There was
a short period, during the height of development
of the higher frequencies, when activityin this band
dwindled, but it is again greatly on the increase.

The band is popular especially for radiotele-
phone work. The very fact that it is less congested
and occupied makes it an extremely attractive
band for the amateur operator who would com-
municate effectively and avoid interference.
Code practice transmissions are made in this
band for beginning amateurs and many begin-
ners may be heard in this region making their
first two-way contact with each other. The band
is one of our “widest” from the standpoint of the
number of stations that may be comfortably ac-
commodated. In the next year or so, it may be
expected to take more of the present properties of
the 3500-kc. 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,
include this band in your plans for 1934 and 1935

- or you will be missing an important part of
amateur radio.

The 3600-ke. band has, in recent years, been
regarded as best for all consistent domestic
communication. It is good for coast-to-coast work
at night all the year except for a few summer
months. It has been recommended for all amateur
message-handling over medium distances (1,000
miles for example). Much of the friendly human
contact between amateurs takes place in the
3500-ke. band. It is the band from which we have
made excursions to the higher frequencies on oc-
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

range also brings in more stations, so that the
band appears busier.

The 7000-kc. band has been the most popular
band for general amateur DX work for some
years. It is useful mainly at night for contacts
with the opposite coast, or with foreign countries.
Power output does not limit the range of a station
to the same extent as when working on the lower
frequency bands discussed above. However, the
band is more handicapped by congestion in the
early evenings and more subject to the vagaries
of skip-effect and uncertain transmission 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 generally con-
sidered the most desirable night band for general
DX work in spite of difficulties due to inter-
ference. This band may be expected to take on
better daylight DX characteristics during 1934
if predictions based on the sun-spot cycle are
correct, and at the same time, while great pos-
sibilities will exist for evening work, it is likely
to be more inconsistent and unreliable during
the late evenings.

The 14,000-kc. or 14-me. band is the very best
frequency to use to cover great distances in day-
light. In fact it is the only band generally useful
for daylight DX contacts (QSO’s) over coast-to-
coast and greater distances. Communieation over
long distances will usually remain good during
the early evenings and surprising results can be
obtained 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) can be
covered with ease. The reason that 14-mec. signals
are less useful for general amateur DX late eve-
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nings is because the “skip” increases during
darkness until the “sky wave’’ covers greater
than earthly distances. The band, while one of
the very best for the amateur interested in work-
ing foreign stations without much difficulty from
domestic interference, is sometimes subject to
sudden fluctuations in transmitting conditions,
and this characteristic will become more impor-
tant perhaps as we return to the general condi-
tions for radio communication that obtained
back in 1923 and 1924, a condition now estimated
to be due by 1934 or 1935.

The 28,000-kc. (28-mc.) band, opened for ama-
teur work by the Federal Radio Commission in
early 1928 at the request of the A.R.R.L. is
principally an experimental band at the present
time. It combines both the long-distance char-
acteristics of the 14-me. band and some of the
local advantages of the 56-mec. band, but its
long-distance characteristics are generally too
“spotty”’ for reliable communication. The result
is that only a few amateurs to-day operate in this
territory, though it is probable that more atten-
tion will be given to its short-
distance properties as the 56-mec.
band fills up.

The 66,000-kc. or 56-mec. band,
likewise made available for amateur
experimentation at the request of
the League, is strictly a local and
short-distance band, but as such
possesses many advantages. For dis-
tances of ten to thirty miles (and
occasionally more, depending on the
height of the apparatus) it is ideal;
the apparatus is cheap, easily con-
structed, and extremely compact;
operation is marked by freedom
from interference and fading. The
result has been a tremendous in-
terest in this band by amateurs
during the past two years and a
half, and hundreds of stations are
now operating there with keen en-
joyment.
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Memorizing the Code cece .
The first job you should tackle is - .-.: '

the business of memorizing the code. == =m mn oo

This can be done while you are
building your receiver. Thus, by the
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result of such an organized program should be
that by the time the transmitter is finished you
will be able to receive the ten words a minute
required by the government for your amateur
operator license, and can immediately proceed
to studying for the *‘theoretical” part of your
license examination without loss of time.

Memorizing the code is no job at all if you
simply make up your mind you are going to apply
yourself to the job and get it over with as quickly
as possible. The complete Continental alphabet,
punctuation marks and numerals are shown in
the table given here. The alphabet and all the
numerals should be learned, but only the first
eight of the punctuation marks shown need be
memorized by the beginner. Start by memorizing
the alphabet, forgetting the numerals and punctu-
ation marks for the present. Various good systems
for learning the code have been devised. They are
of undoubted value but the job is a very simple
one and usually can be accomplished easily by
taking the first five letters, memorizing them,
then the next five, and so on. As you pro-
gress you should review all the let-
ters learned up to that time, of
course. When you have memorized
the alphabet you can go to the
numerals, which will come very
quickly since you can see that they
follow a definite system. The punc-
tuation marks wind up the schedule
— and be sure to learn at least the
first eight — the more commonly-
used ones.

One suggestion: Learn to think
of the letters in terms of sound
rather than their appearance as they
are printed. Don’t think of A as
“dot-dash’” but think of it as the
sound “dit-dah.” B, of course, is
“dah-dit-dit-dit,” C, ‘‘dah-dit-dah-
dit’’ and so on.

Don’t think about speed yet.
Your first job is simply to memorize
all the characters and make sure
you know them without hesitation.
Good practice can be obtained,
while building the receiver, if you
try to spell out in code the names
of the various parts you are working
on at the time.
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will know all the characters for the eeem  EREA(coUBLE OASH) Acquiring Speed by Buzzer Practice
alphabet, the most-used punctua- ememe  enooFMEssace When the code is thoroughly
tion marks, and the numerals, and cme Recevenoxy " memorized, you can start to develop
will be ready to practice receiving ™°*™ WWITATION 1o TRMT  speed in receiving code transmis-

in order to acquire speed. Speed
practice, either by means of a
buzzer, or by listening in on your
receiver, can be indulged in in odd
moments while the transmitter, in
turn, is being constructed. The net
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THE CONTINENTAL CODE

sion. 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 develops sending ability,
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too, for the person doing the receiving will be
quick to criticize uneven or indistinct sending.
If possible, it is a good idea to get the aid of an
experienced operator for the first few sessions, so
that you will know what well-sent characters
sound like.

The diagram shows the connections for a buz-
zer-practice set. When buying the key for this

DRY CELLS

CONNECTIONS OF A BUZZER CODE PRACTICE
SET WITH A TELEPHONE HEAD SET

The intensity of the signal can be varied by changing the
setting of the variable condenser. The *phone and condenser are
connected elther across the coils of the buzzer or across the vi-
brator contacts. The condenser may be omitted and the tone
may be changed by changing the number of dry cells,

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 22}4-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
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.
Following this, start slow sending of complete
words and sentences, always trying to have the
material sent at just a little faster rate than you
can copy easily; this speeds up your mind. Write
down each letter you recognize. Do not try to
write down the dots and dashes; write down the
letters. Don’t stop to compare the sounds of dif-
ferent letters, or think too long about a letter or
word that has been missed. Go right on to the
next one or each “miss” will cause you to lose
geveral characters you might otherwise have
gotten. If you exercise a little patience you will
soon be getting every character, and in a sur-

prisingly 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 prevent you from
recognizing a word ‘“‘on the way” and filling it
in before you've really listened to the letters
themselves.

Learning by Listening

While it is very nice to be able to get the help
of another person in sending to you while you
are acquiring code-speed, it is not always possible
to be so fortunate, and some other method of
acquiring speed must be resorted to. Under such
circumstances, the time-honored system 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
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CONNECTING AN AUDIO OSCILLATOR (HARTLEY)
FOR CODE PRACTICE WORK

pencil and write down the letters as you hear
them. Try to copy as many letters as you can.

Whenever you hear a letter that you know,
write it down. Keep everlastingly at it. Twenty
minutes or half an hour is long enough for one
session. This practice may be repeated several
times a day. Don’t become discouraged. Soon
you will eopy without missing so many letters.
Then you will begin to get calls, 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
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in copying actual signals and having real diffi-
culties with interference, statie, 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 itg secrecy.

Volunteer Code Practice Stations

Each fall and winter season the A.R.R.L.
solicits volunteers, amateurs using code only,
or often & 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 Headquarters.
Some of the stations have been highly’success-
ful in reaching both coasts with code-practice
transmissions from ‘the central part of the

country.

Interpreting What We Hear

As soon 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
transmitting conditions which vary with the fre-
quency, 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,

etc.) indicating the country. In this ecountry
amateur calls will be made up of such combina-
tions as WGP, WSCMP, W3BZ, W1MK, etc.,
the number indicating the amateur call area
(see map) and giving a general idea of the part
of the country in which the station heard is
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U. S. AMATEUR CALL AREAS

located. The reader is referred to the chapter on
*“Operating a Station’ for complete information
on the procedure amateurs use in calling, han-
dling messages, and the like. Many abbreviations
are used which will be made clear by reference to
the tables of Q Code, miscellaneous abbrevia-
tions, and “ham” abbreviations included in the
Appendix. The table of international prefixes,
also in the back of the book, will help to identify
the country where amateur and commercial
stations are located.

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 pro-
cedure meeting ifs own requirements. On the
other haq&}\*tbe‘ International Radiotelegraph
Conventionyhas specified certain regulations,
abbreviatiods ®¥nd. procedures which govern all
services and Magure 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
word. Unless one has a code book it is impossible
to interpret such messages. Five- and ten-letter
cypher groups are quite common and make ex-
cellent practice signals. Oceasionally, a blur of
code will be heard which results when tape
is speeded up to 100 words per minute and
photographic means are used to record the
signals.
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League O.B.S. System

Official Broadcasting 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 code 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 twice nightly (except Tuesday,
Wednesday and Saturday) simultaneously on two
frequency bands from the Headquarters’ 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 kcs.
Sun. Midnight EST-22 w.p.m. — 3825 and 7150 kcs.
Mon. 8:30 p.m. EST-22 w.p.m. — 3575 and 7015 kcs.
Mon. 10:30 p.m. EST-13 w.p.m. — 3575 and 7015 kes.
Thurs. 8:30 p.m. EST-13 w.p.m. — 3825 and 7015 kes.
Thurs. Midnight EST-22 w.p.m. — 3825 and 7015 kes.

Fri. 8:30 p.m. EST-22 w.p.m — 3825 and 7150 kes.
Fri. 10:30 p.m. EST-13 w.p.m. — 3825 and 7150 kecs.
As you can sce from this schedule, WIMK sends
these bulletins simultaneously on two different
frequency bands, so if you are unable to hear the
station on the 3500-kc. band you may be able to
pick it up on the 7000-ke. band, and vice versa.

These transmissions are sent at a moderate rate
of speed and are frequently used by advanced
beginners for code practice work.

Using a Key

The correct way to grasp the key is important.
The knob of the key should be about eighteen
inches from the edge of the operating table and
about on a line with the operator’s right shoulder,
allowing room for the elbow to rest on. the table.
A table about thirty inches in height is best. The
spring tension of the key varies with different
operators. A fairly heavy spring at<the start is
desirable. The back adjustment of the key should
be changed until there is a vertical movement of
about one-gixteenth inch at the knob. After an
operator has mastered the use of the hand key the
tension should be changed and can be reduced to
the minimum spring tension that will cause the
key to open immediately when the pressure is
released. More spring tension than necessary
causes the expenditure of unnecessary energy.
The contacts should be spaced by the rear screw
on the key only and not by allowing play in the
side screws, which are provided merely for align-
ing the contact points. These side screws should
be screwed 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 spaced contact will
cultivate a nervous style of sending which is

highly undesirable. On the other hand too-wide
spacing (much over one-sixteenth inch) may 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 key. 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

ILLUSTRATING THE CORRECT POSITION OF THE HAND
AND FINGERS FOR THE OPERATION OF A TELE.
GRAPH KEY

over the side of the knob. The other two fingers
should be free of the key. The photograph shows
the correct 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 be
under control. The arm should rest lightly on the
operating table with the wrist held above the
table. An up-and-down motion without any side-
ways action is best. The fingers should never
leave the key knob.

Sending

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 effort to sending
well.

When sending do not try to speed things up too
soon. A slow, even rate of sending is the mark of a
good operator. Speed will come with time alone.
Leave special types of keys alone until you have
mastered the knack of properly handling the
standard-type telegraph key. Because radio
transmissions are seldom free from interference a
“heavier” style of sending is best to develop for
radio work. A rugged key of heavy construction
will help in this.

When signals can be copied ““solid”’ at a rate of
ten words a minute it is time to start practicing
with a key in earnest. While learning to receive,
you have become fairly familiar with good send-
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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 comes from the same motion but the contact
is held three times as long as when making a dot.
A common mistake of beginners is to make it
several times too long. ‘There is no great space
between the parts of a letter. Particular care
should be exercised when sending letters such as
¢ to make them *‘all at once”’ like this (— - — -)
and not irregularly spaced like this (—- — -).

Key practice 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 needs to be held in
check. ‘“Copiability” is what we want. Repeats
waste valuable time. When you 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 automatically. 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 traffic to handle in a short time and
for operators who have ruined their sending arm.
Such keys are motion savers. However, a great
deal of practice is necessary before readable code
can be sent. The average novice who uses a ‘‘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
“bug” to advantage.

Obtaining Government Licenses

When you are able to copy ten words per
minute, have studied basic transmitter theory
and familiarized yourself with the radio law and
the amateur regulations, you are ready to think
about obtaining your combination amateur
operator-station license. This is issued you, after
examination, by the government, through the
Federal Radio Commission.

No licenses are necessary to operate receivers in
the United States, but you positively must have
the required amateur licenses before doing send-
ing of any kind with a transmitter. This license
requirement applies for any kind of transmitter
on any wavelength. There is no basis for the
assumption that low-power transmitters, or trans-
mitters operating on 5 meters or below, need no
license. They do, most emphatically. Attempts to

engage in transmitting operation of any kind,
without holding licenses, will inevitably result in
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 license and the personal operator
license. But the requirement of citizenship is the
only limitation, and amateur licenses are issued
without regard to age or physical condition to
anyone who successfully completes the required
examination. There are licensed amateurs as
young as nine and as old as eighty. Many per-
manently bed-ridden persons find their amateur
radio a priceless boon and have successfully
qualified for their ‘tickets’’; even blindness is no
bar — several stations heard regularly on the air
are operated by people so afflicted.

The amateur license now comes in the form of a
small card, one side of which bears the station-
license authorization, and the other the operator-
license authorization. The station license is the
station’s registration; it licenses a particular
collection of apparatus at a given address and
specifies the call to be used. The operator authori-
zation constitutes a person’s personal license to
operate not only his but all other licensed amateur
stations. 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.

The Station License

The amateur station license is secured by filling
in, satisfactorily, those parts of the combined
application form which particularly concern the
station license. A station license will not be issued
if the property on which the set is to be located is
controlled by an alien. We have already men-
tioned that neither station nor operator licenses
are issued to aliens. In the case of the station
license the government goes still further, and re-
fuses to issue the license even to a citizen of the
U. S. if the property on which the transmitter will
be built is under alien control. This does not
mean that a citizen must own the property on
which he lives, or rent it from another citizen.
Rental of property brings it under the control of
the renter. From this it follows that a citizen
renting a house or apartment is entitled to have
a station there, regardless of the citizenship of the
actual owner of the property. But this works two
ways, and a citizen cannot put a station on alien-
rented property even though the actual owner is a
citizen; the alien’s rental brings the property
under alien control. i

The station license, never issued except in con-
junction with an operator license, runs concur-
rently with it and has the same term — three
years. It may be renewed, as will be outlined later.
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The Operator License

This, as has just been mentioned previously,
may be obtained either by itself, or in conjunction
with a station license. In either case the procedure
is the same and involves filling in the proper por-
tions of the application form and in successfully
passing a ten-question examination on trans-
mitter theory and practice, the U. S. radio law
and the amateur regulations. We will take up the
examination later.

There are three classes of amateur operator
license, known as the Class A, Class B and Class
C. Since the privileges and requirements of Class
B and Class C are the same, it may be said that
there are two grades of amateur operator license
— the normal grade (Classes B and C) and the
advanced grade (Class A). The difference between
the two grades is that the holder of a Class A
license, in addition to having the normal privi-
leges authorized for the lower grade, is further en-
titled to operate 'phone in the two restricted
’phone bands, 3,900-4,000 ke. and 14,150-14,250
ke. This privilege of 'phone operation in these
two particular bands is denied those who hold
only the Class B or C license (although they may
operate 'phone in the sub-bands in Band A and
Band E and in the entire Band F). Since this
difference in radiophone privileges is the only
distinction between the Class A license and the
other two types, the Class A is often referred to ds
the “unlimited ’phone”’ license.

The Class B and C licenses are identical so far
as privileges are concerned and enable an ama-
teur to do everything except engage in the re-
stricted 'phone operation just noted. The reader
may wonder why we have both Class B and Class
C if their privileges and requirements are identical
— as they are. The difference is that the Class B
license is issued to persons who have personally
appeared before a radio inspector and have passed
their code test and written examination in his
presence, while the Class C code test and exam
are given by mail.

Class B (with its personal appearance for
examination) is compulsory for all persons living
within 125 miles airline of one of the 32 examining
centers (see next section) designated by the F.R.C.,
the only exception being in the case of persons
physically incapable of journeying to the exami-
nation office. Persons living more than 125 miles
airline from an examining point are entitled to
take the mail examination and get a Class C
license. But it should be pointed out that if a
Class C license holder violates the regulations, he
may be called upon to appear at the nearest
examining point for a personal examination, re-
gardless of how far away that point may be, and
that failing to make such an appearance or failing
to pass the personally-administered exam after so
appearing, his Class C license will be revoked.
Thus it behooves every Class C licensee to be

particularly careful to avoid violation of the
regulations.

Applying for Licenses

An applicant for amateur licenses who has
never had previous amateur experience or certain
forms of commercial license must of necessity
start out with either the B or C license. First,
then, let us outline the procedure necessary in
applying for these.

The Class B license, as already mentioned, is
compulsory for all persons living within 125 miles
of the 32 designated examining centers. Of these,
20 are the regular inspection offices created by the
Federal Radio Commission, and a list of them
appears in the table at the end of the Appendix in
the rear of this book. Examinations are given at
these 20 district offices once or twice a week. In
addition, the following cities have also been des-
ignated as examination cities: Schenectady,
Winston-Salem, Nashville, San Antonio, Okla-~
homa City, Des Moines, St. Louis, Pittsburgh,
Cleveland, Cincinnati, Columbus (Ohio) and
Washington, D. C. In all these cities but Washing-
ton examinations are given every three months on
a date and at an address designated in advance.
A card to the office of the inspector in whose dis-
trict is located the particular city in which you
are interested will bring information on the date
and place. In Washington examinations are held
every Thursday at the offices of the Federal
Radio Commission.

Now, if you live within 125 miles airline of one
of the above 32 examining points you should
write or visit the inspector of the distriet in which
you live, asking for an application blank for
amateur station and operator license and the date
when examinations will be held in the city at
which you wish to appear. Fill out the application
form and mail it back to the inspector’s office, and
then appear at the specified time for personal
examination. First the inspector gives you your
code test; if you are successful in passing this you
will be given the written exam. After the exam-
ination is completed you can go home; the in-
spector sends all the papers to Washington and if
you were satisfactory your combination license
comes direct to your home a couple of weeks
later.

If you live more than 125 miles airline from any
of the 32 examining points, write the inspector of
the district in which you live, asking for a Class C
amateur operator and station application blank,
examination, etc. He will send you application
blanks, a sealed envelope containing the examina-
tion questions, and instructions for handling the
latter. Following these instructions, get someone
of legal age to open the envelope and witness
your writing of the examination. The witness
must then make oath that he opened the envelope
and that you gave yourself the examination with-
out the assistance of any other person or without
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recourse to notes or books. You must also get in
touch with an already-licensed operator (who
must be the holder of an amateur operator license
of Class A or Class B or of the old First Class or
Extra First Class, or of a higher grade of com-
mercial license) and have him give you the code
test, making oath afterwards that you can copy
at least 10 words per minute. This licensed
operator may also be your witness on the exam-
ination. All the papers being completed, forward
them direct to the Federal Radio Commission,
Washington, D. C. If you were successful in
passing the examination and if your application
is satisfactorily filled out, your combination
license will be mailed to you.

The application form you will receive is self-
explanatory and needs no treatment here except
to say that you should not be concerned over that
section which requires you to waive claim to the
use of any particular frequency or of the ether as
against the regulatory power of the United States.
This is a form requirement under the law, and
agreement is required of all licensees, whether
amateur or commercial.

Shut-Ins

No physical infirmity is a bar to issuance of
amateur operator and station licenses provided
the applicant can qualify. Invalids and shut-ins
who live more than 125 miles from the nearest
examining point will, of course, follow the usual
mail procedure specified for the Class C license.
If, however, they live within the 125-mile limit
but are genuinely incapable of traveling, they
should write the Federal Radio Commission at
Washington stating the circumstances. They will
then be advised what procedure to follow. In all
probability the distance requirement will be
waived and the applicant permitted to apply for a
Class C license. Needless to say, the infirmity
must be one of a permanent or semi-permanent
nature; temporary sickness does not entitle one to
exemption.

Renewals

Since all new licenses run concurrently and for
a period of three years, no amateur getting new
licenses at this time will have to worry about re-
newals for some time. When the time does arrive,
renewals should be applied for at least 60 days in
advance; if the licensee can show he is eligible
under the minimum-activity specification of
Rule 402, by having worked at least 3 other sta-
tions in the preceding 90 days, he will not have to
take another examination but will have his_li-
censes renewed on application. If he has been
inactive and cannot comply with Rule 402, he
will not have his licenses renewed and must, in
addition, wait until 90 days after expiration be-
fore he can again take the examination.

For fellows who are licensed now and are
wondering what the renewal procedure will be

under the new regs: Since no existing amateur
station license expires before January 6, 1935,
any renewal applications will come about through
operator expirations. If you are the holder of a
Temporary operator license it will be necessary
for you, when it expires, to take the Class-B or
Class-C examination, depending upon where you
live. You have to take the examination regardless
of whether or not you comply with Rule 402 so
far as the minimum-activity provision is con-
cerned. If you are the’holder of a First Class
operator license and have been inactive, you will
have to be reéxamined for Class B or Class C,
again depending on where you live. If you have
met the minimum-activity specification of Rule
402 you do not have to take the examination;
depending on where you live, you are eligible for
Class B or Class C without reéxamination, simply
filing the application forms. In any of these cases
you get the new combination license which re-
places your old station license as well as renews
your operator authorization.

Modifications

The holder of a Class-C license is eligible for
Class B (thereby eliminating the possibility of
being called up for personal examination at an
inconvenient time and distance) whenever and
wherever he can arrange for personal appearance
and examination before an inspector. If he has
had a year’s experience as a licensed amateur
operator he is similarly eligible for Class A. The
holder of a Class-B license is similarly eligible for
Class A if he has had a year’s experience. Passing
any such higher grade license results in an en-
dorsement ‘“‘modifying” the operator license,
without, however, changing its date of expiration.
Rule 402, as to minimum activity, applies in all
these cases. If you are interested in a higher class
of license, communicate with the inspector of
your district.

If you change your station’s location by mov-
ing to another address in the same city, or to
another part of the state, or into another state,
you must apply for a ‘“modification’’ to author-
ize the new address. The procedure for this is the
same as in an original application except that of
course you do not have to pass the operator ex-
amination again if you have been operating ac-
tively. Write your inspector for the usual amateur
application form and fill it out as before except
that it is now designated at the top as an applica-
tion for modification. Mail it back to your in-
spector if you have a Class B license, or direct to
the Commission if you are Class C. But Rule 402
of the F.R.C. applies the before-mentioned mini-
mum-activity standard to modifications as well
as renewals, since modifications of this type result
in extensions. You must therefore be able to cite
at least the minimum required activity or prepare
to take the operator examination over. You will
see the reason for this when you get your modi-
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fication — it will be a new license running for a
full three years additional.

Exemptions

Applicants who within the previous five years
have held an operator license should carefully
consult Commission Rules 405 and 406, printed
in the amateur regulations towards the end of this
booklet. If you now want Class B or Class C and
within the past five years held an Amateur Ezira
First Class or certain specified grades of commer-
cial radiotelegraph operator license, you are now
exempt from the code test and from half of the
examination. You escape that half relating to
apparatus and adjustment and take only that half
relating to laws, treaties and regulations affecting
amateur licenses. Regardless of the class you now
want, if within the past five years you held cer-
tain specified grades of commercial radiotelephone
operator license or had an amateur license bearing
endorsement for unlimited amateur radioteleph-
ony, you are exempt from that portion of the
examination relating to apparatus and adjust-
ment. You have to demonstrate your code ability
but your written examination is confined to laws,
treaties and regulations affecting amateurs. This
last exemption is particularly important to the
Class-A applicant of previous “unlimited” ex-
perience, since he escapes not only half of the
basic examination but all of the extra examina~-
tion relating to radiotelephony.

Passing the Class B-C Exam

We are now ready to treat briefly of the exami-
nation itself. The examination for the Class B
and C licenses concerns itself with two general
subjects: transmitter theory and practice, and
radio laws and regulations. No questions are asked
relative to the theory or adjustment of receivers,
nor are the questions on transmitting based on
the particular transmitter which the applicant
has assembled — all transmitter questions are
general in nature.

Ten questions are asked in each exam. The
Federal Radio Commission has prepared a list of
several hundred questions from which ten will be
selected at random for each individual examina~-
tion. To facilitate selection, the Commission has
established ten classes under the following general
headings: Power Supply; Frequency Measure-
ment; Transmitters — Theory; Transmitters —
Practice; Radiotelephony; Treaty and Laws;
F.R.C. Regulations, Part I; F.R.C. Regulations,
Part II; F.R.C. Regulations, Part III; Penalties.
All questions in the brackets covering the F.R.C.
Regulations (Parts I, II and III) are based on the
amateur regulations appearing in the Appendix.
This Handbook contains all the technical and
other information necessary to get an amateur
license.

With the idea of indicating the type of ques-
tions asked and the general ground covered by the

government examinations and to aid the prospec-
tive amateur, the A.R.R.L. has prepared a book-
let entitled *““The Radio Amateur’s License
Manual,” which may be obtained from the
League for 25 cents postpaid. Every applicant for
amateur license is urged to possess himself of a
copy before taking his examination, whether he
be applying for Class B, Class C or Class A. Sup-
plementing a study of the material in this Hand-
book by a study of the questions listed in the
License Manual (the correct answers are given in
each case) will insure passing the examination.

Passing the Class A Exam

Ashasbeen mentioned, only those who have had
at least one year’s experience as licensed amateur
operators are eligible for the Class A license, with
the exception of holders of previous commercial
license specified in Rule 405. The examination for
Class A is never given by mail; in all cases the
applicant must appear at one of the specified
examining points. An applicant who has had the
required year’s experience, but at the moment
does not possess a Class B license will have to
take an examination that will consist of the 10
questions forming the normal Class B-C exami-
nation plus an additional 10 questions relating
exclusively to amateur radiotelephony — the
Class A examination itself being devoted solely to
'phone. To those already possessed of the lower
form of license, the Class A exam consists only of
the 10 questions relating to radiotelephony. As
in the case of the Class B and Class C test, the
telephony examination consists of one question
under each of ten headings: Diagram of a modern
'phone installation; ’Phone Theory; Methods of
Modulation; Frequency Stability ; Classes of Am-
plifiers; Exciting Stages; Audio; Modulated
Amplifier and Modulator; Frequency Modula-
tion; Overmodulation. In preparing for this exam,
it is again recommended that a study of the
Handbook be supplemented by a study of the
License Manual. In the License Manual repre-
sentative questions¥with their correct answers,
are listed for the Class A exam just as for the
Classes B and C. As for these latter two classes,
the applicant for Class A need have no fear of the
examination if he can correctly answer the Class
A examination questions listed in the License
Manual.

Portable Operation

There was a time when an amateur wishing to
operate a portable transmitter was obliged to
take out a separate portable station license. This
is no longer the case. Instead, the holder of a
fixed amateur station license is entitled to operate
portable equipment under that call whenever he
pleases, so long as he complies with the provisions
of Rule 384 of the Regulations concerning method
of signing the call for a portable, and with Rule
387 regarding advance notification to the radio
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inspector of the district or districts in which the
portable will be operated.

Amateurs who contemplate operating a porta-
ble station should, however, be sure to provide
themselves with a photostatic or photographic
copy of the station authorization side of their
combination operator-station license card. If the
owner of the station remains at the fixed set he
should keep his original combination license with
him at the fixed location (since this is his only
operator authorization) and send the photostatic
copy of the station authorization along with
whoever is running the outside portable outfit.
On the other hand, if the station owner himself
goes out with the portable, he should take his
original license with him and leave the photo-
static copy of the station authorization at home,
with his fixed station.

Important: In sending your portable set out in
charge of another operator, or when leaving your
home set in charge of someone else, be sure that
such other operator is a duly licensed amateur
operator and that he has his operator’s license
with him. Permitting any of your equipment to
be operated by a non-licensed person will get you
in trouble as well as him.

Posting of Llcenses

It is not required that your license be posted in
the room where your transmitter is located, but
it is required that your license be in your personal
possession whenever you are operating. When it
happens that your license has been sent in to the
Federal Radio Commission for some change or
modification, you are permitted to continue to
operate for a period of not more than sixty days
while the license is away, provided that such
operation does not extend beyond the date of
expiration.

Portable-Mobile Operation

By definition in the regulations of the Federal
Radio Commission (see pars. 192 and 192 (a)) a
portable station is one which may be conven-
iently moved about, but which is not used while
in motion; in fact, a portable station may not be
used while in motion without violating the regu-
lations. When such a station is used while in
motion, it is known as a portable-mobile station.
Amateurs may operate portable stations. But
they may not operate portable-mobile stations,
except in the special case of such outfits on air-
craft, and then only in the frequency bands
56,000-60,000 ke. and 400,000-401,000 ke. When
such amateur high-frequency aircraft portable
mobile stations are operated, the calling and
signing procedure specified for portable operation
in paragraph 384 of the regulations applies. Be
sure to comply with paragraph 387, regarding
notification to the radio inspectors concerned,
too.

Amateur Regulations

Every reader of this book who contemplates
becoming an amateur should spend such time as
is necessary to turn back to the appendix and
study both the extracts from the Radio Law and
the U. S. amateur regulations which will be found
there. In general the text is self-explanatory.

Particularly important sections of the Radio
Law are as follows: Sec. 4, paragraph (D) which
specifies for what reasons an operator’s license
may be suspended; Sec. 26, specifying the use of
the minimum amount of power to carry out
communication; Sec. 27, relating to the secrecy
of messages; Sec. 28, prohibiting the transmission
of false distress signals, and Sections 32 and 33,
which specify the penalties for violation of the
regulations and of the basic radio law.

In the amateur regulations all provisions
should be studied. Some of the more important
points are mentioned at this point.

An amateur is a person interested in radio
technique solely with a personal aim and
without pecuniary interest. The right to use
the amateur frequencies is extended only to
amateurs and then only for amateur purposes.
This provision protects us from the attempts of
commercial enterprises to make use of amateur
frequencies. Bona fide amateur clubs or organiza-
tions will have no difficulty in obtaining station
licenses, providing an official individually accepts
full legal responsibility for operation of the sta-
tion.

Amateur stations shall not transmit or receive
messages for hire nor engage in communication
for material compensation, direct or indirect, paid
or promised. This proviso gives further protection
against commercial enterprises masquerading
as amateurs, and defines the test of commercial
traffic as that involving any sort of ‘compen-
sation” for the handling thereof. Accordingly,
so far as practice within the U. S. is concerned, an
amateur may handle any traffic he sees fit to
handle, so long as he receives no compensation of
any kind.

The licensee of an amateur station shall keep
an accurate log of station operation, in which
shall be recorded the time of each transmission,
the station called, the input power to the last
stage of the transmitter, the frequency band used
and the personal “sine” or identification of the
operator for each period of operation. Amateur
stations are authorized to use a maximum power
input into the last stage of a transmitter of one
kilowatt. The Radio Act requires that the records
of a station must be available to the radio author-
ities on demand. Such logs then assist the in-
spector in investigating interference cases, alleged
off-frequency operation or other violations, deter-
mining when changes in frequency and power
were made, which conditions interfere and which
do not, ete. The A.R.R.L. has designed a log-book
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especially to take care of this government require-
ment which will be described when we come to the
discussion of “Operating a Station.” An accurate
and complete station log is compulsory.

Except on the 28-mec., 56-mc., and 400-me.
bands amateurs are obliged to use ‘“pure d.c.”
throughout their transmitters; this is to minimize
frequency modulation and prevent the emission
of broad signals.

Whenever general interference with broadcast
reception on receiving apparatus of modern de-
sign exists, the Commission regulations regarding
quiet hours must be observed, and these will con-
tinue in effect until it can be shown that adjust-
ments or alteration of the transmitting arrange-
ment or methods of treatment of the receivers to
do away with the trouble have eliminated the
difficulty. The quiet hours shall be eight to ten
thirty p. m. local time, daily, and, in addition,
quiet hours shall be observed on Sunday morning
from 10:30 a. m. until 1 p. m. It should be noted
that if use of one frequency band causes local
interference but another band does not, the sta-
tion remains free to operate on the bands that do
not give rise to this difficulty. Even operation on
a different frequency in the same band may be
used for operation if it can be shown that it over-
comes the trouble.

Amateur stations are not permitted to com-
municate with commercial or government sta-
tions unless authorized by the licensing authority
except in an emergency or for testing purposes.
This restriction does not apply to communication

with small pleasure craft such as yachts and mo-
tor boats holding limited commercial station li-
censes which may have difficulty in establishing
communication with commercial or government
stations.

Amateur stations are not allowed to broadcast
any form of entertainment.

Canadian Regulations

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. 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

ALTHOUGH 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?

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 molton constitute an eleciric 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 molccrules
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

It 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
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FIG. 301 — HOW 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" (len
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 (mallionth of a second).

Conductors and Insulators

The ease with which electrons are able to be
transferred from one atom to another is & 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
reststance. 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 nsulator. Copper, silver and most
other metals are relatively good conductors of
electricity; 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 conductor 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

Besides the case of conduction 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 being
but momentarily deficient in electron content,
there are other forms of conduction important in
radio communication. The general case of con-
duction in liquids is one.

For instance, take that of conduction in a solu-
tion of sodium chloride (common table salt) in
water. In such a solution there are a number of
maolecules of salt that have separated into two
parts, one of which 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
because the chlorine part has one excess electron
and is negative in character while the sodium part
is deficient by one electron and therefore is post-
tive in character. No longer true atoms, they are
now ions and the spontaneous process of disas-
soctation in solution is one form of ‘onization. If
plates connected to the terminals of a battery are
now placed in the solution, the positive sodium
ions 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 both again
become neutral atoms. The energy supplied by the
battery 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
electrolytic conduction. This kind of conduction
plays a part in the operation of such radio equip-
ment as 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 is not spontaneous as
in the electrolytic conduction just described but
is produced by rapidly moving free electrons col-
liding with atoms, and hence, is called fonization
by colliston. 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 a 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 electrie
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 collision
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 ions and free electrons at the
negative plate. This kind of conduction by ioniza-
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 directions 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 be
made to fly off from the
conductor when prop-
erly stimulated to do
so, as is illustrated by
the familiar radio vae-
uum tube. Here we have
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FIG. 302—ELECTRONIC

CONDUCTION BY ELEC-

TRON EMISSION IN THE
VACUUM TUBE

Stimulated by heat, elec-
trons fly off from the cathode
or filament and are attracted
to the positive plate.

electrons being freed
from the cathode, a con-
ductor that would nom-
inally retain them, and
actually traveling
through vacuum to the
plate that attracts them
because it is connected
to the positive terminal

of a battery, as illus-
trated in Fig. 302. The reason that the elec-
trons are freed from the cathode is that it has
been 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 sufficient velocity
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-
tronic conduction, briefly outlined here, are of
such extreme importance in the operation of
vacuum tubes that they cannot be emphasized
too greatly.

Direction of Flow

There is one point in connection with current
flow which is likely to cause confusion in the
reader’s mind if particular attention is not paid
to it. The drift of electrons along a conductor
(which constitutes a current flow) is always from
the negative to the posttive terminal. On the other
hand, the usual conception is that of electricity
flowing from the positive to the negative terminal.
The discrepancy results from the fact that the
pioneer electrical experimenters, having no ac-
curate understanding of the nature of elec-
tricity, assumed the direction to be from positive
to negative. However, just so long as the facts
are recognized clearly, no confusion need result.

Electromotive Force — Voltage

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 a 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 Electricity Is Produced

The ordinary electric cell and the electric gen-
erator are the sources of current used in ordinary
practice. The electric cell may take the form of a
so-called dry cell, a wet cell or perhaps a storage
cell. In any case, 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 a deficiency in the other. Thus, when the
elements are connected by a conductor, this un-
balance 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.

Direct and Alternating Current — Frequency

Of course, all electric currents do not flow con-
-tinuously in the same direction along a conduc-
tor. The currents 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 a direct current as long as the
flow is always in the same direction, though it
would be a fluctuating 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, fallsto 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 occupies 1/60th of a second. The number
of complete cycles 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 cycles.

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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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 [ 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
R=-I- I B E=IR

The resistance of the circuit can therefore be
found by dividing the voliage by the current; the
current can be found by dividing the voltage by
the resistance; the eleciromotive force or e.m.f.
is equal to the product of the resistance and the
curreni. 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
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F1G.303 —RESISTANCES CONNECTED IN SERIES, PARALLEL, AND SERIES-PARALLEL

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

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-
fucturing 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

The heating effect of the electrie 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 already know that E=IR
Therefore, P=IRXI=IR

B2

Also, P=%

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 produet 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 EXI 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 sketeh
the maximum power in the load (but not maxi-
mum efficieney) is obtained when the load re-
sistance equals the internal resistance of the
battery or generator.

Altemating Current Flow
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 eause 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 afd 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 pure resistance,
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

When any electric current is passed through a
conductor, magnetic effects are produced. Mov-
ing electrons produce magnetic 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 magneiic force. It is known that
these lines of force, in the form of concentric
circles around the conductor, lie in planes at
right angles to the axis of the conductor.

The magnetic field constituted by these lines of
force exists only when current is 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 ts alternately stored in
the field and returned io 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 force is expressed in
terms of magneto-motive force (m.m.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 weak
current or with fewer turns and a greater current.
If ten amperes flow in one turn of wire, the magnet-~
izing effect is 10 ampere-turns. Should one am-
pere flow in ten turns of wire, the magnetizing
effect is also 10 ampere-turns.

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

=B in the electric circuit; so

m.m
d=

in the magnetic circuit.

The magnetic field about wires and coils may
be traced with a compass needle or by sprinkling
iron filings on a sheet of paper hel® about the coil
through which current is passing. When there is
an iron core the increased magnetic force and the
concentration of the field about the iron are
readily discernible.

Permeability is the ratio between the flux

density produced in a material by a certain m.m.f.

and the flux density that the same m.m.f. 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 is 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 saying that its permeability is
extremely high. The molecules of soft iron are
readily turned end to end by bringing a current-

carrying wire or & 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 circuit is broken 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 magnet-
ism only when subjected to a reversed m.m.f.,
when heated very hot or when jarred violently.

Inductance

The thought to be kept constantly in mind is
that whenever a current passes through a coil it
sets up a 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-motive force is tnduced 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-induction, 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 inductance of
radio-frequency coils is given in the Appendix;
and data for iron-core coils in Chapter Ten.

The Reactance of Coils

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 inductive reactance.
The inductive reactance formula is:

X1=2=xfL

where: X, is the inductive reactance in ohms
w is 3.1416
J is the frequency in cycles per second
L is the inductance in henries

Transformers and Generators

We have stated that if a magnetic field passes
through a coil, an electromotive force 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
several 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 created 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 be
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
such a transformer would build up a magnetic
field as the current started to flow 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 source 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 Fig. 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 increasing 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
decreases until it becomes 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
between 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 armature) 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 commutator is provided on its shaft to
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.
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Condensers — Capacitance
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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nsulating 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 conduc-
tor, 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 dielectrie. 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-
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The variable condenser symbols are interchangeable. Both are
widely used.
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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 uufd. 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 2 Condenser

We can readily understand how very different
will be the performance of any condenser when
direct or alternating wvoltages 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 cwrent to flow
through some portion of the circuit but at the
same time prevent the flow of any direct current.

Capacitive Reactance

Of course, condensers do not permit alternating
currents to flow through them with perfect ease.
They impede an alternating current just as an
inductance does. The term capacitive reactance is
used to describe this effect in the case of 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
"~ 0efCa
Where X, 1s the capacitive reactance in ohms
= is 3.1416

J is the frequency in cycles per second
Cq.is the condenser capacitance in farads

X

Where the capacitance is in mierofarads (ufd.),
as it is in most practical cases, the formula
becomes

10¢

Xc =QFC‘—“—(L)

10¢ being 1,000,000.

Condenser Connections

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= Cl +Cz+ca

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:

11 B C.E

1
cTetate) Ci+C:

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.

C

Distributed Inductance, Capacity and Resistance

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 addi-
tion to the inductance that makes it a useful
device. Then, every condenser has some re-
sistance. Resistors, as another example, quite often
have appreciable inductance and distributed
capacity.

Ohm's Law for Alternating Current

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=vVR+X?
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

I=E Z=~IE«’ E=IZ

Z
In finding the current flow through a condenser
in an alternating current circuit we can often

assume that J =3(E— (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 same 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

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
stnusotdal 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 value, 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:

Emnx =Ee(f x1~414=En\'ex1-57
Eo“ =Emnx X.707 =Envcx1-11
Em‘e =FEqp.. X.636 = E.:X.9

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

Phase Angle

It has been mentioned that in a cireuit contain-
ing inductance, the rise of current is delayed by
the effect of electrical inertia presented by the in-
ductance. Both increases and decreases of current
are similarly delayed. It is also true that a current
must flow into a condenser before its elements can
be charged and so provide a voltage difference
between its terminals. Because of these facts, we
say that a current ““lags” behind the voltage in
a circuit which has a preponderance of inductance
and that the current ‘“leads” the voltage in a
circuit where capacity predominates. Fig. 306
shows three possible conditions in an alternating
current circuit. In the first, when the load is a
pure resistance, both voltage and current rise to
the maximum values simultaneously. In this
case the voltage and current are said to be in
phase. In the second instance, the existence of
inductance in the circuit has caused the current

to lag behind the voltage. In the diagram, the
current is lagging one quarter cycle behind the
voltage. The current is therefore said to be 90
degrees out of phase with the voltage (360 degrees
being the complete cyele). In the third example,
with a capacitive load, the voltage is lagging one
quarter cycle behind the current. The phase
difference is again 90 degrees. These, of course,
are theoretical examples in which it is assumed
that the inductance and the condenser have no
resistance. Actually, the angle of lag or lead de-
pends on the ratio of reactance to resistance in
the circuit.

Power Factor

In a direct current circuit or in an alternating
current circuit 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 circuit in which the cur-
rent may be maximum when the voltage is zero;
or for any case in which the voltage and current
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 powerin
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 case
of a circuit containing resistance only, the ratio
and, hence, the power factor, is 1 or 1009, (unity).
If there is reactance only in the circuit (zero re-
sistance), then the power factor is zero. In cir-
cuits containing both resistance and reactance
the power factor lies between these two values.
Asinstances, a good condenser should have nearly
zero power factor, as should a good choke coil.
Resistors for use in a.c. circuits should, on the
other hand, have a power factor approaching
100%,.

Practical Problems

It is surprising how many practical 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 electrical relations
to determining practical 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 certain transmitter has an output stage in
which a single 203-A tube is employed. A high-
voltage voltmeter is connected across the plate
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supply circuit and a milliammeter of suitable
range used in the circuit so as to measure the cur-
rent of this tube only. We have seen that P=
E X 1. Therefore, assuming that the meters read
1125 volts and 125 milliamperes, the plate input

! 125
cer will be 1125 X— =140. {
power will be 1125 X 1000 140.6 watts

Resistance of a Grid Leak

It is necessary to determine whether a resistor
has a resistance which would make it suitable
for a grid leak for a Type 10 transmitter, either
used separately or in connection with other re-
sistors of the same type. A 90-volt B-battery and
a 0-50 ma. scale milliammeter are available. The
battery is connected to the unknown resistor
through the meter which is observed to read 10
milliamperes. The resistance is next calculated
from Ohm’s Law: R=E/I.90+.010 =9000 ohms.

Measuring Grid Bias Voltage

When the grid-leak resistance is known, the
current 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. Calculating the voltage drop by
Ohm’s Law (E =RI) we have the bias as 9000 X
.021, which equals 189 volts (a high value).

Resistance Value for Dropping Plate Voltage

The transformer output goes to a tube rectifier
through a filter which has a 70-henry choke in
one lead. After keying in the negative lead the
current passes through a 3-henry ‘‘keying”
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 be added
in series with the keying 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 is quickly found by
using Ohm’s Law. If it is desired to produce 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/I)

l(i() = 1,000 ohms.

Size Resistor to Handle a Given Current

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=I?R (watts).

1000X1002=10 watts, which must be dis-
sipated by the resistor for dropping the plate
voltage to two Type 10 tubes. Examining manu-
facturers’ lists, this size can be used, but a 20-
watt resistor is recommended to give long life and
keep the maximum temperatures low. It is best
to allow 40 per cent or 50 per cent factor of
safety, since resistors are usually rated for their
maximum allowable dissipation mounted in free
space. Actually, 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 Output Current to Resistance Load

The transformer is rated at 100 watts (v.a.)
which means that it will deliver
W 100

ADLET NSy
L

Capacities

A fixed condenser of 250 uufd. is connected in
parallel with two variable air condensers having a
maximum capacitance of 140 uufd. and .0005
ufd., respectively. What is the total capacitance
obtainable for any adjustment or setting of the
condensers? First it is necessary to change the
ratings to either microfarads or micro-micro-
farads to get the three units on the same basis
The answer will be either:

25041404500 =890 upfd. (micro-microfarads)
or
.00025 4-.000144.0005=.00089 ufd.
farads).

Assume the three capacities to be connected
in series. Let us determine the equivalent lumped

(micro-

capacity:
LN L g 1 1 1 1>
¢ e.te. e "m0 a0 50 "

.004+4.00715+.002 =.01315
C=76.1 pufd. (micro-microfarads).

Condenser Reactance

A high-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 back through r.f,
chokes 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 cause break-down of insulation
in filament transformers. At any rate it will be
assumed that we have a 7200-kc. transmitter
and that it is desired to connect a small condenser
across the high-voltage winding to bypass cur-
rent of this radio frequency. Remembering that
the higher the frequency 1is, the lower the reactance
of a condenser, we judge that a small condenser
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will sufficiently by-pass the radio-frequency
current, preventing the undesired r.f. voltage
from building up aeross our transformer winding
(or a choke coil, milliammeter or other piece of
apparatus could be protected similarly).

Finding a .02-ufd. 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.

(a) Xo=1+2xfC
=1-+6.28 X7,200,000 X .02 X108
=1+6.28X7.2X.02
=1/.905
=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 d

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 beginner 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 elements in 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.

HEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS

up across an inductance.
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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 (effective
value) when run normally. The 60-cycle
current through the condenser will be:
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Reading Diagrams — Schematic Symbols

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
understanding 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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When you can draw and talk about circuits
in terms of the various conventional symbols you
are on what is familiar ground to every amateur
and experimenter. Then you can meet the dyed-
in-the-wool expert and understand what he talks
about.
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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 eircuits, 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 eauses the
current to lead the voltage.

Equipped with an under-
standing of these principles we
are now ready to study induec-
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 e
reveal one or more combinations
of coil and eondenser (inductance
and capacitance) and, hence,
of inductive reactance and ca-
pacitive reactance. Let us now consider how they
work together to form the tuned circuil.

The Tuned Circuit

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-

1541
I
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FIG, 401 — A HALF-CYCLE OF O$
CILLATION 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 bui 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
oscillation. 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 og another, as will be
shown later.

Oscillation Frequency And Resonance
In such an oscillatory circuit, the larger the coil
is made the greater will be its inductarice 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. Since
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 cycle of
oscillation than will a circuit where the induc-
tance and capacitance are small. Putting it
differently, the number of cycles per second will
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FIG.402 —CHARACTERISTICS OF SERIESANDPARALLEL
RESONANT CIRCUITS

be greater as the inductance and capacitance
values become smaller. Hence the smaller the coil
or condenser, or both, in the tuned circust, the higher
will be the frequency of oscillation.

The important practical aspect of all this is
that in any circuit containing capacitance,
inductance and not too much resistance, the
introduction of a pulse of electrical energy will
cause an alternating current oscillation of a
frequency determined solely by the values of
inductance and capacitance; and that for any com-
bination of inductance and capacitance there is one
particular frequency of applied voltage at which
current will flow with the greatest ease. Recalling
the explanations of inductive reactance and ca-
paditive reactance given in Chapter Three, this
becomes readily understandable. It has been
shown that the inductive reactance of the coil and
the capacitive reactance of the condenser are oppo-
sitely affected with frequency. Inductive react-
ance increases with frequency; capacitive react-
ance decreases as the frequency increases. In any
combination of inductance and ecapacitance,
therefore, there is one particular frequency for
which the inductive and capacitive reactances are
equal and, since these two reactances oppose
each other, for which the net reactance becomes
zero, leaving only the resistance of the circuit to
impede the flow of current. The frequeney at
which this occurs is known as the resonant
frequency of the circuit and the circuit is said to be
in resonance at that frequency or tuned to that fre-
quency.

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

1

X;=X,or 21er=21rfC

The resonant frequency is, therefore,

= X 10¢
/ 2=V ILC

Where

[ is the frequency in kilocycles per second

27 is 6.28

L is the inductance in microhenries (uh.)

C is the capacitance in micromicrofarads (uufd.)

Series and Parallel Resonance — Effect of Resistance

In the simple tuned circuit just discussed the
elements, inductance and capacitance, were
considered with respect to each other but not in
combination with other circuit elements as they
are usually encountered in practical applications.
In our radio transmitters, and in receivers as well,
the tuned circuit is invariably associated with a
source of electrical energy and also is usually
coupled to still other eircuits to which it transfers
energy.

All practical tuned circuits can be treated as
either one of two general types. One is the
series resonant circuit in which the inductance,
capacitance, resistance and source of voltage are
in series with each other. With & constant-voltage
alternating current applied as shown in A of Fig.
402 the current flowing through such a circuit will
be maximum at resonant frequency. The magni-
tude of the current will be determined by the
resistance in the circuit. The curves of Fig. 402
illustrate this, curve a being for minimum resist-
ance and curves b and c¢ being for greater
resistances.

The second general case is the parallel resonant
circuit illustrated in B of Fig. 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 through the circuit but in its
characteristics as viewed from its terminals,
especially in the parallel impedance it offers. The
variation of parallel impedance of a parallel
resonant circuit with 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 at resonance and increases with decreasing
series resistance. Although both series and paral-
le! resonant circuits are generally used in radio
work, the parallel resonant circuit is most fre-
quently found, as inspection of the diagrams of
the equipment described in subsequent chapters
will show.

High parallel impedance is generally desirable
in the parallel résonant circuit and low series
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impedance is to be sought in series resonant cir-
cuits. Hence low series resistance is desirable in
both cases. Al frequencies other than resonance
frequency, the series resonant circust has capacitive
reactance for frequencies below resomance and
inductive reactance for frequencies above resonance
Jrequency, while the parallel resonant circuit offers
inductive reactance at frequencies below resonance
and capacilive reaclance 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 resistances at frequencies
further removed from resonance frequency.
The relative sharpness of the resonance curve
near resonance frequency is a measure of the
sharpness of tuning or selectivity (ability to dis-
criminate between voltages of different fre-
quencies) in such circuits. This is an important
consideration in tuned circuits used for radio
work. Since the effective resistance is practically
all in the coil, the condenser resistance being
negligible, the efficiency of the coil is the impor-
tant thing determining the ‘“goodness” of a tuned
circuit. A useful measure of coil efficiency, and
hence of tuned circuit selectivity, is the ratio of
the coil’s reactance to its effective resistance.
This ratio will be recognized as an approximation
of the reciprocal of the circuit property of power
factor discussed in Chapter Three, and is desig-
nated by Q.

Q=‘_?If!’
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.

Coupled Circuits

Resonant circuits are not found in an isolated
state in very many instances but are usually
associated with other resonant circuits or are
coupled to other circuits. 1t is by such coupling that
energy is transferred from one circuit to another.
Such coupling may be direct, as shown in A, B
and C of Fig. 403, utilizing as the common coupl-
ing element, capacitance (A), resistance (B) or in-
duectance (C). These three types of coupling
are known as direct capacitive, direct resistive or
direct induclive, respectively. Current circulating
in the L,C, branch flows through the common
element (C, R or L) and the voltage developed
across this element causes current flow in the
C.L, branch. Other types of coupling are the
indirect capacitive and magnetic or inductive shown
below the others. The coupling most common in
high-frequency circuits is of the latter type. In
such an arrangement the coupling value may be
changed by changing the number of active turns
in either coil or by changing the relative position

of the coils (distance or angle between them). The
arrangement then performs in a manner similar
to the transformer described 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 separation between the
coils (distance and angle between axes) and the
inductance 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 is not necessarily the
best coupling, it should be kept in mind. Too-
tight coupling will give a double-humped reso-
nance effect and should be avoided.

Radio Frequency Resistance — Skin Effect

The effective resistance of conductors at radio
frequencies may be hundreds of times the
““‘ohmic”’ resistance of the same conductors as it
would be measured for direct current or low
frequency alternating current. This is largely due
to the skin effect, so called because the current
tends to concentrate on the outside of the con-
ductor, 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 circuits. 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 concentrate at the corners.
Hence the popularity of round copper tubing in
radio transmitters. In addition to the skin effect,
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dielectric losses due to insulators and resistance
losses in other conductors in the field of the
conductor contribute to its effective resistance.
The effective resistance s measured as the power
in the circuzt divided by the square of the maxtmum
effective radio~frequency current.

Circuits with Distributed Constants — The Antenna

In addition to resonant circuits containing
lumped capacitance and inductance, there are
important tuned circuits in which no condensers
and coils are to be found. Such circuits utilize the
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distributed capacitance and inductance that are
inevitable even in a circuit consisting of a single
straight eonductor. 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 center and zero at the ends. On
the other hand, the voltage will be mazimum 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
Instead of specifying the properties of a linear
circuit such as the antenna in terms of inductance
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FIG. 404 — CURRENT DISTRIBUTION IN AN ANTENNA
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 circuit 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 A. In practical terms,

N =300,000
fkc- ;

where f.. 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 (Mareoni)
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. For 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 harmonics that
arc 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 harmoniecs. 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-



RADIO FUNDAMENTALS

35

dix. The resonance equation of a tuned circuit,
previously given for frequency, is expressed in
terms of wavelength as follows:

A =1.885V L0 Chrras
where

\ is the wavelength in meters
L,y is the inductance in microhenries
Cuia is the capacitance in micromicrofarads.

Radiation By Antennas

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 ¢onductor
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 relurned
lo 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
to the actual power in the circuil 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 radiaiion 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 (walls) = Radialion 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 circuits. 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

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 whispgr 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 electronie 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 plale is positive with respect lo 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 half-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
current in receivers.

How Vacuum Tubes Amplify — Tube Characteristics

If a third element, called the conirol grid or
simply the grid, is inserted between the cathode
and plate of the diode, the tube becomes a 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 electrons from cathode to plate, through
the openings of the grid, much as in the diode.
But if a source of variable voltage is connected
between the grid and cathode there will be a
variation in the flow of electrons from cathode to
plate (a variation in plate current) as the voltage
on the grid changes about a mean value. When the
grid is made less negative with respect to the
cathode there will be an increase in plate current,
when the grid is made more negative with respect
to the cathode there will be a decrease in plate
current. This occurs because the electron flow to
the plate is 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 circuit, 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 fube
characteristic. Another important characteristic
involving plate current change caused by grid
voltage change over a very small range is a tube’s
mutual conductance, designated by ¢g. and ex-
pressed either in milliamperes plate current
change per volt grid voltage change (ma. per
volt), or as the current to voltage ratio in mhos
(inverse of ohms). Since the plate current changes

involved are often very small, the mutual con-
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 characteristic used in describ-
ing the properties of a tube is the plate resistance,
designated r,. This is the ratio of a small plate
voltage change to the plate current change it
effects. It is expressed in ohms. These tube char-
acteristics are inter-related and are different with
tubes of different types, being dependent pri-
marily on the tube structure (spacing between
elements, spacing and size of wires in grid, ete.).

Amplifier Operation

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 a constant plate voltage with grid
voltages from a 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 fila-
ment. This is known as the static grid-voltage plate-
current characteristic. Notable things about this
curve are that it is essentially a straight line (is
linear) over the middle section and that it bends
towards the bottom (near cut off) and near the
top (saturation). In other words, the variation in
plate current is directly proportional to the varia-
tion in grid voltage over the region between the
two bends. With a fixed grid voltage (bias) of
proper value the plate current can be set at any
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
series with the grid bias, the grid voltage swings
more and less negative about the mean bias 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
cwrrent wave shapes are identical reproductions
of the grid voltage wave shapes and will remain so
as long as the grid voltage amplitude does not
reach values sufficient to run into the lower- or
upper-bend regions of the curve. If this occurs the
output waves will be flattened or be distorted. If
the operating point is set 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-cycles will be cut
off. This kind of distortion may be 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 cycles 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 discrimination
at all frequencies in a considerable range (say
from 100 to 3000 eycles for voice communication),
and is therefore associated with non-resonant or
untuned circuits. The radio-frequency amplifier,
on the other hand, is generally used to amplify
selectively at a single radio frequency, or over a
small band of frequencies at most, and is there-
fore associated with resonant circuits tunable to
the desired frequency.

The circuit arrangement of a typical audio-
frequency amplifier using a triode is shown at A
in Fig. 406. The alternating grid voltage is applied
through the transformer T, to the grid circuit,
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 bhe
connected in place of the primary in the plate
circuit, in which case the alternating component
in the plate current would be reproduced im-
mediately as sound.

In B of Fig. 406 is shown the circuit arrange-
ment of an amplifier for radio frequencies. In this
case the tube is of the screen-grid type, the extra
element being placed between the control grid
and plate to prevent the feed-back and oscilla-
tion that will be discussed in the next section. Its
operation, however, is similar to that shown in
Fig. 405. The input and output circuits in this case
are resonant circuits, tuned to the radio fre-
quency that is to be amplified. The grid bias, in-
stead of being furnished by a separate battery, is
furnished by the voltage drop across the cathode
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 Five.

Generating Radio Frequency Power — Oiscillators

Because of its ability to amplify, the vacuum
tube can oscillate or generate alternating current
power. To make it do this, it is only necessary to
couple the plate (output) circuit to the grid (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. Typieal circuits 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 coils), while in B
the coupling is capacitive (through a condenser).
In the circuit of A the frequency of oscillation
will be very nearly the resonant frequency of the
tuned circuit L,C;, while in B the frequency of
oscillation will be determined jointly by L,C) and
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L,C,. To insure the proper phase relationship
between plate and grid voltage, with the induc-
tive feed-back of A the grid and plate should be
connected 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 reactance inductive with respect to the
grid circuit.) At the high radio frequencies 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 necessary.

There are many other arrangements of oscilla-
tor circuits but all utilize either the inductive or
capacitive feed-back typified in the two shown
here. Several of these other types are treated in
Chapter Seven. A special type of oscillator of
exceptional frequency stability that is becoming
increasingly popular is the piezo-electric or
crystal-controlled type. Most commonly it re-
sembles the tuned-grid tuned-plate circuit of B
with the exception that the tuned grid circuit is
replaced by a plate of quartz erystal mounted
between metal electrodes. This crystal acts like
a tuned circuit, its electrical equivalent being
that shown at B of Fig. 408. As shown, it consists
of a very high inductance (L) in series with a very
small capacitance (C) and resistance (R). The
shunt capacitance C, is that of the electrodes
between which the crystal is mounted, with the
quartz as the dielectric. Its exceptional stability
is attributable to its high ratio of inductive
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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, both for radioteleg-
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FIG. 407 —TWO GENERAL TYPES OF OSCILLATOR
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raphy and radiotelephony, and later chapters
will describe practical aspects of these appli-
cations.

Modulation

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
After the modulated radio-frequency current
has made its way into the receiver and perhaps
through one or more radio-frequency amplifiers,
it must he 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
detection,

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 bhattery. 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
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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 defector) 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, as in
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 curreat increasing more during the
positive half eyeles than it decreases during the
negative half eycles 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 anmiateur 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

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 bypass
radio-frequency components in the output.
This radio-frequency can be fed back into the grid
cireuit, as shown 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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operated either regenerating to give tremendous
amplification without oscillation, or to oscillate
and regenerate simultaneously. Methods of
controlling regeneration are given in Chapter
Five.

Heterodyne or Beat-Note Reception

In discussing the detection of signals it 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 — Regenera-
tive grid detection,

audio frequency and the methods of detection
that have been described will reproduce it satis-
factorily. But in the case of c.w. radiotelegraphy
the variations in 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 & 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 so used, such a detector is known as
an aulodyne. A regenerative detector circuit like
that shown in Fig. 410-C, with the regeneration
adjusted so that the detector oscillates, is com-
monly used for amateur c.w. reception.
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Superheterodyne Reception

As was mentioned in the section on series and
parallel resonance, the selectivity of tuned cir-
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, both higher selectivity and
greater amplifications per stage can be obtained
in radio-frequency amplifiers operating at inter-
mediate frequencies of 500-ke. or so. Such ampli-
fiers can be utilized for amateur reception by
converting the amateur frequency signals to the
lower intermediate frequency. This also is possible
by the heterodyne method.

Both the incoming signal and the local oscilla-
tor signal are introduced in a detector, with the
loeal oscillator frequency either intermediate
frequency higher or lower than the signal fre-
quency. Since the difference between the two
frequencies is quite great in this case, it is advis-
able to use a separate oscillator rather than to use
the detector 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 detector
output and eliminating the other components.

After amplification in the intermediate-frequency
(if.) 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 second detector will be normal. For ¢.w. recep-
tion it will be necessary to use a second hetero-
dyne oscillator at the second detector or to operate
this 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-
pecially designed for high-frequency work are
shown in Chapter Five.

Generation of Harmonic Frequencies

Distortion in vacuum tube amplifiers causes
harmonics and we often purposely adjust vac-
uum tube circuits to give us maximum distortion
when we desire output at a frequency that is a
harmonic of the exciting frequency. High input
voltage amplitude or grid swing and high nega-
tive bias are favorable for the production of
harmonics. Because of curvature in the plate-
current plate-voltage characteristic curves and
because there is a different plate-voltage plate-
current (static characteristic) for each value of
impressed grid voltage, the current wave-form in
the plate circuit becomes distorted, resulting in
the generation of harmonic frequencies. A low
plate-load (external) resistance or impedance will
emphasize such distortion. Even with a high grid
bias, large inputs to the grid circuit will also cause
the grid to become positive during part of the
input cycle, causing grid current to flow, thus
decreasing the grid-filament resistance 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 harmonic impulse or component is indi-
cated in Fig. 413.
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Harmonics cannot be generated at frequencies
below the fundamental but always occur at higher
frequencies. When we pick up a radio signal
with the receiver tuned to half the frequency of
the transmitting station it is because our oscillat-
ing detector generates a harmonic in the receiver.
In this case the harmonic is beating with the
fundamental frequency of the transmitter.

By properly biasing tubes and tuning the out-
put circuit to a desired harmonic frequency, a
vacuum tube may be operated as a frequency
doubler or frequency tripler, etc.

How Radio Waves Travel in Space — Fading and
Skip Distance

No discussion of amateur radio or of high-

frequency phenomena can be complete without

something about the commonly accepted theory

advanced in explanation of the things that have

been observed in connection with high-frequency
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FIG. 413 — HOW DISTORTION CAUSES HARMONICS IN
VACUUM TUBE OPERATION

transmission. It appears that just as light waves
can be reflected and refracted so it is with radio
waves. The behavior of radio waves is harder to
understand because these waves are not visible or
audible except by artificial means of detection.
The frequency spectrum used for radio com-
munication 18 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 bending or
refraction of radio waves in the upper atmosphere
is 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-Heaviside layer, so named for the
two men who independently and almost simul-
taneously proposed the existence of an ionized

xAr> w.:;r
)

6, ANGLE AT TRANSMITTER CORRESPONOING TO i€
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02 ANGLE AT TRANSMITTER CORRESPONDING TO THE
SECOND CRITICAL ANGLE

FIG. 414—HOW RADIO WAVES TRAVEL FROM
TRANSMITTER TO RECEIVER

The vertical and near-vertical rays penetrate the ionized
layer and wander away. When one reaches the ‘'limiting
angle'' the ray just does get bent enough to be kept from wan-
dering away, but it continues to graze the layer and Is after all
worthless, Below this angle we have progressive reflection (or
refraction) and the ray returns to earth. As the angle of departure
from the transmitter is chosen flatter the energy strikes so far away
as to miss the earth, possibly going out to the lonized loyer
again, and perhaps even being reflected down a second time if
It has energy enough left.

region in the upper atmosphere, are presumed
to account for the rapid variation in the intensity
of received signals that is called fading.

Fig. 414 explains what is commonly referred to
ag the skip distance, that distance which sig-
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FIG. 415 — APPROXIMATE AVERAGE TRANSMISSION
PERFORMANCE OF DIFFERENT WAVELENGTHS AT
DIFFERENT DISTANCES

The recelved signal Is assumed to have a field-strength of 10
microvolts per meter at the receiving point. The transmitter is
assumed to have 5000 watts in the antenns. The chart is ex-
plained as follows. To the left of the line marked *'limit of ground
wave'' it should be possible to receive at all times. Afterthat, one
must pick a pair of curves of the same sort (that is for the same
time) and if the distance Is between the curves 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 400 miles its
daylight performance will probably be uncertain while from 400
on it will graduslly die down until at 4600 it will again be below
10 microvolts per meter. There are, of course, numerous ex-
ceptions where one does hear it when it should be absent. The
curves are mainly from data by A. H. Taylos.



42

THE RADIO AMATEUR’'S HANDBOOK

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 ecertain
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
is shown 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
interest in amateur radio. be it operating a
complete station or experimenting with a variety
of circuits, the basic piece of apparatus is a good
receiver. 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-frequeney 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
receivers 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 in-
timate knowledge of operation that they
obtain. Instructions for building chosen
types of receivers of proved high per-
formance and descriptions of represent-
ative manufactured receivers 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 inexpensive set for the
initial attempt. It will be relatively 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 he wasted.
Most of the parts used in simple re-

the selectivity, being less as the selectivity is
greater. Only signals that are detectable above
the noise background are useful; therefore,
feducing the noise output by increasing the
selectivity improves the effective sensitivity in
proportion. Sensitivity is thus not solely de-
pendent on the amplification in the receiver but
on the combination of amplification and selec-
tivity. The fidelity requirement in amateur
receivers is essentially different from broadcast
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 intelli-

ceivers can he used equally well in more
intricate sets later on. In this chapter
several types of receivers are described.
All of them are thoroughly practical
outfits, capable of giving excellent serv-
ice if carefully built and correctly
operated.

Receiver Characteristics
The three important general charac-
teristics of a reeeiver are its selectivity,

FIG. 501 — A MODERN THREE-TUBE TUNED R.F, AMATEUR-BAND
RECEIVER DESCRIBED IN THIS CHAPTER

It comprises a stage of t.r.f. amplification with controlled sensitivity, a
stable regenerative detector and one-stage audio. It uses heater-type tubes for
a.c. or 6-volt d.c. operation and is adapted to conversion to a single-signal
type superheterodyne, as shown later in the chapter.

The tuning dial is placed at the left so the receiver can be operated without
getting In the way of papers, log books, etc. To the right and below the dial
is the regeneration control. The two upper knobs are the band-setting con-
densers. The sensitivity control is in the lower right-hand corner. The audio
tube and the 'phone binding posts can be glimpsed behind the drum dial on
the sub-base.

its sensitivity and its fidelity. These three are
inter-dependent, with seleetivity the controlling
factor: The selectivity is the receiver’s ability to
discriminate between signals of different frequen-
cies. The sensttzvity is the minimum r.f. voltage
input required to give useful output. The fidelity
is the proportionate response through the audio-
frequency range required for a given type of
communication.

Sensitivity is fundamentally limited by the
noise output, which in turn is directly related to

gible reception can be obtained with selectivity
such that the receiver’s equivalent band width
is but 20 cycles or less; for ’phone reception with
usable intelligibility the equivalent band-width
may be as little as 120 cycles, as has been deter-
mined by actual measurement of a highly-selec-
tive single-signal receiver. It is therefore evident
that the most important receiver characteristic
is the effective selectivity; for the higher the
selectivity, the greater can be the amplification
and the higher the effective sensitivity, to the
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limits imposed by the requirement of intelligible
output.

Types of Receivers

Two types of receivers meeting the require-
ments of general amateur work are the simple
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
detector circuit with the amount of this regenera-
tion controllable to give either high amplification
and selectivity without oscillation, or to give
these together with oscillation to provide the
heterodyne for beat-note ¢.w. reception, as has
been explained in Chapter Four. The simplest
form of receiver is just one tube in a regenerative
detector cireuit, although the output available
from such an arrangement is so small as to be
generally unsatisfactory. A single stage of audio
amplification following the detector gives more
satisfactory results. A still further improvement
is a stage of tuned radio-frequency amplification
preceding the detector. This increases sensi-
tivity 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.

Whereas the regenerative receiver’s r.f. eircuits
handle the signal at incoming frequency, in the
superheterodyne type receiver the incoming
signal is converted to a lower radio frequency and
then amplified in intermediate circuits prior to
conversion to audio frequency in the second
detector. As explained in Chapter Four, this
method allows greater r.f. amplification and the
attainment of higher selectivity, since both of
these are more readily obtained in the inter-
mediate-frequency (if.) amplifier. This applies
particularly to the single-signal type super-
heterodyne, originally developed in the A.R.R.L.
laboratory and described in this chapter, which
obtains extremely high selectivity in the if.
circuits either by means of a variable-selectivity
quartz crystal filter or by controllable regenera-
tion in an i.f. stage.

The simple regenerative type receiver 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 receiver, progressing later to the super-
heterodyne type. In fact, a suitable regenerative
receiver can be used as the foundation of the
superhet, as will be illustrated by a typical
example.

Tuning Arangements and Band Spreading
Since the amateur frequency-bands comprise
narrow slices of territory widely separated, it is
not possible to cover them all effectively with one
coil and condenser in the tuner. Many schemes
have been evolved to provide suitable coils and

coil sockets. The use of a tube-base or a special
form of larger size plugging into a tube socket is
now almost umiversal. Coils of this type are
pictured later on with the constructional details
of the receivers in which they are used. Larger
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 mechanically strong so they will not be de-
formed in handling; and they should be small in
diameter in order to avoid the existence of an
extensive magnetic field around them.

Tuning condensers used in high-frequency re-
ceivers are much smaller than those employed
for the broadeast band and lower frequencies.
A 350- or 250-uufd. condenser will, at high fre-
quencies, cover so much territory that tuning
becomes extremely difficult, because the amateur
bands occupy only a few divisions on the usual
100-scale dial. Many amateurs remove plates
from standard-sized condensers to reduce the
maximum capscity, or else use midget condens-
ers, which can be obtained in a variety of capac-
ities. If the receiver is to cover all frequencies
between 20,000 and 3000 ke., common practice is
to use a tuning condenser rated at 150 uufd. with
three plug-in coils, but even this arrangement
crowds the amateur bands in a very small propor-
tion of the dial scale. Most amateurs prefer to
spread the bands over a large part of the dial.

The amateur bands are not entirely in harmonic

relation, and therefore
| Ca

a condenser which
LET 1

spreads one band satis-
factorily will not give
the same spread on
others. In order to
make each band cover
a large number of dial
divisions, the ratio of
maximum to minimum
capacity must be dif-
ferent for each band.
One method is to use
plug-in midget tuning
condensers which are
changed each time the
coils are changed. The
standard midget con-
densers will not always
work satisfactorily, and
plates must therefore
=~ be removed until each
band is spread as much
as desired. Since this
method is somewhat
cumbersome mechani-
cally, its use is not very
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Several widely used band-spreading schemes
are shown in Fig. 502. At A is the parallel-con-
denser method. C, is the tuning condenser, usually
with a maximum capacity of about 25 uufd. C.
is & “band-setting” condenser; its maximum
capacity should be at least 100 uufd. and may
be larger. The setting of C. will determine the
minimum capacity of the circuit, and the maxi-
mum capacity will be the maximum capacity of
Ci plus the setting of C,. A different maximum-to-
minimum capacity ratio can be chosen to give
good band-spreading on each band.

The series-condenser method is shown at B.
As explained in Chapter Three, the total capacity
of two condensers in series is less than that of
either. C; again is the tuning condenser. It should
have 100 uufd. or more maximum capacity. C.
is the band-setting condenser and is preferably
small, perhaps 25 uufd. The maximum-minimum
capacity ratio in the circuit will be determined
by the setting of C,. The minimum capacity
changes very little for any setting of C., but the
maximum capacity can be varied over quite a
range, depending upon the ratios of the capacities
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. This method is
used in the two-tube receiver described later in
this chapter.

The tapped-coil system at D is used in several
commercial amateur-band receivers and has also
been adopted by a number of amateurs in home-
built sets. Condenser C; may be fairly large —
100 uufd. 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. This
system is a little more tricky to adjust than the
first three. Condenser C. is not strictly necessary
but will be found helpful in getting the spread
just right, and its use will help eliminate some of
the cut-and-try in winding the coils. It should
have a maximum capacity of about 25 uufd.

Regeneration Control

Almost any arrangement of the tickler coil and
feed-back control can be depended upon to give
similarly loud signals, but some of them have the
advantage of being more convenient and of per-
mitting 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 gradual adjustment up to
and past the point of oscillation; and if it permits
the tube to oscillate gently all across the fre-
quency band on which the receiver is working
without the necessity of 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 regeneration control is a variable con-
denser having a 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 by-pass capacity is too
small the tube will not oscillate, while increasing
the capacity will cause oscillations to start at a
certain critical value of capacity. This method of
regeneration control is very smooth in operation,
causes relatively little detuning of the received
signal and, since the voltage on the screen-grid
of the tube is fixed, permits the detector to be
worked at its most sensitive point. The sensi-
tivity of a screen-grid detector depends a great
deal upon maintaining the screen-grid voltage
in the vicinity 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 ochms or more. This circuit causes more
detuning of the signal than A, and the resistor is
likely to eause some noise unless by-passed by a
large capacity (about 1 ufd.) 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
detectors by the more sensitive screen-grid tubes.
To use method B the regeneration-control re-
sistor 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, is shown in the five-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 lower value of
grid lead resistance should be used.
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Radio-Frequency Amplifiers

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
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FIG. 503 — CONDENSER AND RESISTOR CONTROL OF
REGENERATION

frequencies. 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-
frequency 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
receiver. 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-

frequency 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
broadeast transmitters. Careful proportioning of
the choke in the grid circuit makes it possible to
avoid interference from broadeast 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 in-
stall because 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
preferable 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
primary, secondary and tickler, however. With
impedance 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
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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 substi-
tuted For the resistor I interference Is experienced from local
broadcast stations. Resistor R gives the tube the correct operating
bias, as explained in a later section of the toxt. If the tube fils-
ment is directly hested a battery of the proper voltage should be
substituted for the resistor, and the ground connection should be
brought to the Alament of the tube.
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grid of the detector. Because of leakage across
the grid condenser this circuit may be noisy
unless a good mica condenser with extremely
high insulation resistance is used.

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 difficulty in tuning these
two controls has led to the development of re-
ceivers 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.

Shielding

The purpose of shielding is to confine the mag-
netic and electrostatic fields about coils and
condensers so that those fields cannot act on
other apparatus, and to prevent external fields
from acting upon them in turn. Chapter Three
has explained the nature of these fields. They can
be confined by enclosing the apparatus about
which the field exists in a metal box. The effec-
tiveness 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, be-
cause the losses in it will be low. The magnetic
fields about the apparatais 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
be best, it is sometimes sufficient to connect the
shielding to a point in the receiver at zero r.f.
potential, such as the negative side of the Plate
supply. Another point is that shields must be com-
plete for each amplifier stage or group of appara-

tus shielded. Do not attempt to use a single
sheet of metal to form a common wall for two
shields as shown in Fig. 505; such a wall will ac-
tually couple the two shielded groups or pieces of

apparatus together in-
stead of shielding them
from each other.
Thereare tsvo general
methods of shielding.
One is to group all the
apparatus forming a
single stage of amplifi-
cation and put it in a
single shield. Thethree-
tube receiver deseribed
in this chapter is an ex-
ample of this type of
shielding. The second
method, exemplified by
the manufactured re-
ceivers described later,
is to use individual
shields around each
piece of apparatus,
connecting them by
shielded leads where
necessary. Only those
leads which are not at
zero r.f. potential need
be shielded. Each
method will give good

Common /‘brtltmn

g | 6§

U U
WRONG

Separate Walls
/\

4
')
Connected /
Together
RIGHT

FIG. 505—SHIELDING
ALWAYS SHOULD BE
COMPLETE ABOUT EACH
PIECE OR GROUP OF
APPARATUS SHIELDED

Do not attempt to use a
common partition between
shielded stages, especially
when one of them contains a
regenerative detector or oscil-
lating circuit.

®

results, and the choice
is usually dictated by mechanical considerations.
Although, as we pointed out in the previous sec-
tion, shielding is not necessary if no tuned r.f.
amplifiers are used, it is often helpful. A metal
cabinet about a simple receiver will prevent
direct pick-up of signals by the coils and wiring of
the set, and it will also keep out ‘‘induction
hums”’ from unshielded house wiring.

Amplifier Biasing

Practically all amplifiers, both audio and radio
frequency, must be operated with a minimum
negative voltage between the grid and cathode
of the amplifier tube. This bias voltage may be
obtained from a battery or from a suitable volt-
age drop through a resistor in the circuit. Fig. 506
shows these two methodsin an elementary fashion.

In general, the battery-bias method should be
used with tubes having directly-heated cathodes
(filament-type tubes). In such cases one side of the
filament is connected to ground. In order to
connect the bias battery in series with the lower
end of the transformer secondary or whatever
may be in the grid circuit of the amplifier-tube,
it is necessary to insulate point X in Fig. 506-A
from ground. Condenser C is used to provide a
low-impedance path to the filament should the
bias battery develop appreciable internal resist-
ance. It should be about .01 ufd. in r.f. circuits and
1 to 2 ufd. in audio circuits.
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The second method, known as cathode resistor
biasing, is shown at B. This method does away
with the extra bias battery, and is particularly
adapted to tubes with indirectly-heated cathodes
(heater-type tubes). With this method point X is
grounded and the cathode is isolated from ground
und negative “B” through the biasing resistor E.
By-pass condenser C will have the same values

C
C
R
X I_f-‘_ X
Sefulaif] -2, ¢
) |43 (8)

FIG. 506 —BATTERY AND CATHODE-RESISTORBIASING

as in A. When plate current flows through the
tube there will be a voltage drop through R which
makes the cathode more positive than the grid —
in other words, puts negative bias on the grid.
The right value for R can be calculated by Ohm’s
Law, knowing the bias voltage required and the
total space current through the tube. The space
current is the sum of the plate current and all
currents that may be taken by auxiliary grids in
the tube. For example, a certain pentode tube re-
quires a bias of 10 volts with 150 volts on the plate
and screen-grid; at this plate voltage the plate
current will be 15 ma. and the screen-grid cur-
rent 5. The bias resistance required will be:

_ 10 volts
.02 amp.

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

=500 ohms.

Audio-Frequency Amplifiers

For reception of amateur signals, it is un-
necessary and even undesirable to have the
frequency-distortionless audio amplification which
is the aim of designers of broadcast receivers.
Audio transformers with “flat” frequency char-
acteristics are therefore not required. In fact, a
transformer which has a decided ‘“hump” at
some portion of its frequency curve is preferable
for c.w. reception, particularly if the hump is in
the neighborhood of 1000 cycles. Such a trans-
former will provide some audio-frequency
selectivity, since it amplifies one frequency a great
deal more than others.

For ’phone reception the same principles

should be applied as for ordinary amplification.
Plate voltage and “C” bias on the amplifier
tubes are important, and should be those recom-
mended in the instruction sheets accompanying
the tubes or may be taken from the table. Since,
in amateur radiotelephony, we are concerned only
with the transmission and reception of speech,
it is unnecessary that the equipment be capable
of handling frequencies higher than about 3000
cycles per second. Frequencies above this, indeed,
may merely cause interference and can well be
eliminated.

The receivers described in detail in this chapter
are intended to be used with headphones, although
they can operate a loud-speaker at low or moder-
ate volume. For satisfactory loud-speaker
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FIG. 507 — AUDIO POWER AMPLIFIERS FOR LOUD-
SPEAKER OPERATION

A — using a single Type 45 tube, B— a single 47 pentode,
C — two 45's in push-pull. Transformer T1 is an ordinary audio
tronsformer having a turns ratio of 2:1 or 3:1. Tz is an output
transformer designed to couple a 45 tube to the loud-speaker
being used. T3 is for coupling a 47 to the speaker. Ts is 8 push-
pull input transformer and Ts & push-pull output transformer for
a pair of 45's. It is necessary to know the impedance of the loud-
speaker In order to purchase the right type of output transformer
in all three cases. R1 is a 20-ohm resistor, tapped at the center.
R: is 1500 ohms, rated to carry approximately 50 ma. Rs Is 450
ohms, also to carry about 50 ma. Rals 750 ohms, rated at 75 ma.
ot more. Both Ci and C: should be 1 to 2ufd. C2, which must be
rated to stand the full plate supply voltage, may not be needed
if the plate voltage for the amplifier comes directly from a filter
condenser in the power pack.
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operation, however, a power audio stage should
be used: A number of diagrams for this purpose
are given in Fig. 507. These amplifiers had best
be a.c.-operated, using power supplies of the
type described in Chapter Ten. Other tubes than
those shown can be used provided the voltages
are changed to the recommendations in the tube
table.

Receiving Tubes

The large number of types of receiving tubes
available often causes considerable confusion to
the beginning amateur because it seems difficult
to choose the proper ones for the contemplated
receiver. Many of them, indeed, have little
application in amateur work. Modern receiving
tubes are grouped into three classes, depending
upon the type of service for which they are
intended. One group is for dry-