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STATION ARRANGEMENT AT 6LJ, LOS ANGELES, CALIFORNIA

The apparatus is laid out on a large, substantial table in the most convenient way possible. Note

the neatness, compactness, and accessibility of everything, The long-wave receivers are at the

left;: the amateur short-wave tuners are directly in front of the receiving operator; the trans-

mitter is on the right with the wavemeter on top of it just above the fifty-watt tube. The

keying relays, batteries, battery-charger and other power supply equipment are under the table.

The message files and the station log book are kept in the drawers. There is sufficient room so
the operator’s feet may rest in a comfortable position under the table.
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ANOTHER ARRANGEMENT USED AT 9CXX, CEDAR RAPIDS, IOWA

There is plenty of room here so things do not have to be so compact. Note the beautiful and

simple panel mounting of the two transmitters. The power contrul switches are in easy reach

at the right of the operator. The wavemeter is at the left of the receiver. A row of binding

posts at the top edge of the panel makes it possible to change the Lorenz-wound coils quickly

to cover different wavelength ranges. The construction of such coils and the use of space-wound
plug-in coils are discussed in the ¥Handbook.




AUTHOR'S FOREWORD

HIS Handbook is written as a guide for
member-operators of the League. It is
also useful as a source of information to

the man who wants to take part in amateur
radio activity but who has no idea of how to
get started. Written first of all for the be-
ginner, such an amount of useful and up-to-
date information has been added that the
Handbook in its present form is equally
valuable as a compendium of information
for the experienced brass-pounder and the
beginner alike.

The suggestions for building and using
apparatus are based on experience. The
printed matter included within these pages
18 not intended for use as a textbook but is
rather to be used as a Handbook. Any
theory discussed is as simple and funda-
mental as it can be made. The book is in-
tended as a practical rather than as a
theoretical work.

Every League member should be interested
in some of the matter contained in these
pages. Older members are of course more or
less familiar with it all. Some of this infor-
mation has appeared in past issues of @ST in
one form or another. We have tried to
pick that material most useful to the people
who will want it. In the appendix will be
found some tables and information that
should be useful to everyone.

Because of the limited size of this book
it is impossible to include all desirable
matter. However, we have tried to leave
out nothing that the new amateur wants to
know. The different subjects are handled
as completely as space permits.

When any questions come up that are
not answered in this book, look through all
available back numbers of the magazine
QST for the information. Many back num-
bers can be supplied by the QST Circulation
Department. If you do not find what you
want in that way, drop a line to A.R.R.L.
Headquarters, 1711 Park St., Hartford,
Conn., where someone will be glad to help
out if the information is available.

The preparation of this Handbook has
taken considerable time for the writing and
arranging of the material. A great many
photo graphs and diagrams have been in-
cluded to make the text as clear as possible.
It is of course realized that a more finished
product would result by spending a great
deal of additional work in preparation, al-
though not a great deal more value to the
reader could be added in that way and it
would be impossible to distribute the Hand-
book at the present moderate cost. So

many people have been awaiting the a{)—
pearance of the Handbook that it is only
fair to them that it be presented without
further delay. Before a revised edition
is considered, it will be possible to look into
some of the matters not covered with the
thoroughness we wish was possible at this
writing, giving to every single subject all
the attention we think it deserves. The
further investigation of the application of
practical radio frequency choke coils to va-
rious amateur transmission problems is but
one example of such a subject.

In the discussion of receiver and trans-
mitter construction an effort has been made
to simplify the work of getting a good and
practlcal amateur station in operation at a
minimum cost. Reliable circuits and ap-
garatus of different cost and power have

een suggested to make it possible for the
constructor to build a station to fit his
pocketbook, at the same time building a
station which will work and produce the
best results for the money invested.

Comments, suggestions, corrections, and
questions on the matter contained in these
pages are welcomed by the writer. If the
first edition meets an enthusiastic reception
a revised edition is contemplated and your
comment will help the whole amateur fra-
ternity by suggesting possible changes and
additional matter for inclusion in the next
edition.

The writer has had helpful suggestions
from a great variety of sources. Indeed,
there are so many, that it is hard to 1dent1fy
all of them. However, acknowledgment is
chiefly due to Mr. K. B. Warner, Secretary
of the American Radio Relay League and
Editor-in-Chief of QST.

At this point, I wish to acknowledge and
express my appreciation for the assistance
and encouragement rendered me in the
preparation of this Handbook. It is
through the co-operation of every member
of the staff of QST and through the
courteous and considerate help of its Editor
that this Handbook has been prepared. The
use of some material and illustrations from
QST has made it possible to bring the Hand-
book out at a much earlier date than other-
wise would have been possible. For all the
help received, I wish to express my sincere
aporeciation.

This book is made available by the Amer-
ican Radio Relay League, the radio ama-
teur’s own organization. Correspondence
regarding any phase of amateur work is
welcomed at League Headquarters. In-




quiries regarding membership should be
addressed to the Secretary. Written by
an amateur, for anyone and everyone who
is interested in amateur work, we hope that
this Handbook will be helpful to those who
are active in amateur work and that it will
be instrumental in helping beginning ama-

teurs and prospective brass-pounders to get
into the game and get the most that there
is in enjoyment of radio by directing their
efforts along the lines that bring results most
quickly, surely, and cheaply.

—F. E. Handy
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CHAPTER I
What Is An Amateur?

to the uninitiated may be appro-
priate. Few hobbies can be com-
pared to that of the amateur radio en-
thusiast. The experimenter, the man who
enjoys communicating with distant lands
and receiving cards and letters from foreign
countries, and the operator who most en-
joys talking with his fellow enthusiasts
scattered all the way across the country—
each does his part in amateur radio. Every
individual is interested sooner or later in
all three classes of operation. .
A certain amount of skill is required.
This makes amateur radio work the more
attractive and interesting. There are ad-

FEW words at the beginning to tell
A the story of the present-day amateur

ventures to be found in everyday
two-way short-wave contact. Distant
acquaintances will be made. Friendly
chats with folks both far and near

The relaying of citizen radio
messages is worthwhile, The “kick” in
snappy operating work gives pleasure. All
these things are a part of our personal ex-
perience that defies duplication. The trout
fisherman enjoys the pursuit of his hobby.
The cross-word puzzle artist, the stamp col-
lector and the Egyptologist all take pride in
their special fields. There is no comparison
that we can make that will give amateur
radio its due. Personal contacts tie us to-
gether; personal experiences bond us in an
organization without an equal anywhere.
There is untold pleasure in two-way ama-
teur operating. The covering of hundreds
of miles and the handling of friendly
messages with low amounts of power lends
an interest not found in any other pastime,
Perhaps the relaying of messages has not
been sufficiently mentioned. That is one of
the amateurs’ principal activities. Friendly
messages are accepted at any amateur sta-
tion. They are passed on toward their
destination from one station to another. No
charge is made for the service and of course
no responsibility can be fixed for failure to
perform. Usually messages are delivered
by telephone or by the operator in person
as soon as they reach the city of destination.

are possible.

In many places it is possible to join a
radio club and to enjoy active membership.
The exchange of information between club
members is valuable. By talks and demon-
strations the club provides interesting
winter activities. Through code classes, be-
ginners are helped in getting started as
“good” operators. A club library contain-
ing the books best suited to the members
is an additional asset to the radio enthusiast
who does not have too much money to spend
on his hobby. In the summer, social
activities of a different nature keep the mem-
bers together for some enjoyable times.
Picnics, demonstrations with portable equip-
ment, and athletic contests keep up the in-
terest then. Many such clubs are affiliated
with the League and receive monthly
bulletins from the League. On request, in-
formation on organizing a club and becom-
ing affiliated is supplied from League Head-
quarters,

Amateur radio offers the only means of
free communication with our fellows who
are outside the range of the human voice.
When we have become familiar with some
of the simple facts about this fascinating
hobby we will want to get on the air and
talk by wireless with other men who have
stations similar to ours. This we can do
just as soon as our station is in actual
operation. Cards will be received from
many places where our signals have been
heard. Correspondence with folks we have
met by radio will result. New friendships
will be made. We will take pride in our
station and its records.

The “seven wonders of the world” were
widely talked about in the days of our fore-
bears. Today there are wonders that are
not so well known. Amateur radio
accomplishments are commonplace, but of
the millions of people interested in radio
relatively few even know that free citizen
radio communication is possible. Perhaps
amateur radio should be referred to as the
“eighth wonder” of the world.

As a hobby radio has no equal. In every
one of its phases it is well worth while.
True enough not every amateur message
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gets through to its destination. Our
message handlers are not in the game for
commercial benefit but for the pleasure that
they get in doing something interesting and
worth while. Amateur wireless messages
do not always go from the sending station
directly to their destination. They pass
from one station to another until they
eventually arrive, unless a special direct
route has been pre-arranged. In the main,
message delivery is surprisingly good.

There is a wholesome satisfaction in using
something that our own hands have
fashioned to accomplish the seemingly im-
possible of attainment right from our own
homes. Besides the joys of actual com-
munication there is pride in our work of
construction. The whole amateur station can
be built as cheaply and easily as a broad-
cast receiver. The advent of the short
waves has added to our enjoyment. The
sport in all its phases is splendidly worth
while.

THE AMERICAN RADIO RELAY LEAGUE

The name Amerian Radic Relay League
and the words “amateur radio” are practi-
cally synonomous. Almost every good ama-
teur in the world belongs to the A.R.R.L.

The League was organized in 1914 by a
small enthusiastic group of earnest radio
amateurs. Hiram Percy Maxim, now presi-
dent of the League, was responsible for its
formation. For two years he had wanted
to band all amateurs together so that each
amateur could talk to and know all other
amateurs. By such an organization and by
the ready exchange of ideas thus made pos-
sible, each member was able to get more en-
joyment from amateur radio work.

For over eleven years the League has
prospered and grown. It has had a history
of glorious success as the spokesman in
amateur affairs. During the Great War the
League of course suspended activities. The
Army and Navy enrolled some 3500 radio
operators—well-trained by their amateur
experience. Right after the war the League
had to fight a threatened government
monopoly. The League won the battle that
makes amateur radio and broadcasting as
well a part of our present-day life!

Throughout its whole life the story of the
League has been a story of one achievement
after another. In 1920 a message was sent
from coast to coast and an answer re-
turned to the starting point via several
relay points, in six and a half minutes, at
that time an unparalleled feat. In 1921 the
League sent a member across the Atlantic
to Scotland to listen for American amateurs.
His success in hearing twenty-seven ama-
teurs brought the amateur to the attention
of the whole scientific world. =~ What had
been thought impossible was accomplished
using short waves and low power. The At-

lantic conquered, amateur signals next
spanned the Pacific ocean. Two-way com-
munication followed right on the heels of
tests showing that signals could be heard at
great distances. In 1923 a message covered
10,000 miles in four minutes. A message
was sent from the East Coast of the United
States to Hawaii and the answer returned
at once to the sender. Omne intermediate
station “relayed” the message. To-day
messages are handled direct over such dis-
tances nightly without causing any special
excitement.

The League has not only done remarkable
work right in its own field; it has helped
many people in practical ways. The League
has co-operated with the U. S. Army and
Navy, with the U. S. Bureau of Standards,
with the larger American radio engineering
concerns, with the U. S. Department of
Commerce and with foreign governments in
collecting data and conducting tests of va-
rious sorts for the general advancement of
the radio communication art.

In 1912 Radio Communication Laws were
made allowing the amateur to use any wave-
lengths not in excess of 200 meters. Those
who made the laws thought that the ama-
teur had been successfully and forever
disposed of! It was believed that wave-
lengths shorter than 200 meters were
worthless for practical radio work. Ama-
teurs proved the contrary! They per-
fected the equipment at their disposal.
Through years of experimenting and by
making one improvement after another,
progress was made Every bit of appa-
ratus was tested and rebuilt after use had
shown its weakness. Hard work brought
increasingly greater results. In 1924 the
short waves came into their own! World-
wide communication on wavelengths below
100 meters opened the eyes of radio in-
terests everywhere.

Members of the American Radio Relay
League have proved their worth in many
ways. In times of flood and disaster
they have summoned help with their send-
ing sets. Two MacMillian expeditions into
the Arctic have kept in touch with loved
ones at home reporting discoveries to the
waiting world “via amateur radié”. No
commercial radio equipment, no power on
earth, could have accomplished what ama-
teur radio did in 1925 as an ordinary every-
day service to this intrepid explorer. In
1925 an amateur short-wave station was in-
stalled aboard the flagship of the U. S. Bat-
tle Fleet, manned by the then Traffic Man-
ager of the League, himself a Naval Re-
serve officer. This station was with the
Fleet throughout its long cruise to Aus-
tralia and New Zealand. Its performance
demonstrated to our Navy the usefulness of
the amateur and his short-wave apparatus!
At times when standard Navy equipment
could not cover the required distance the
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amateur-Navy short-wave station put
messages halfway around the world to their
destination.

Late in 1925 work was started on a plan
of affiliation between the Signal Corps, U. S.
Army, and the transmitting amateurs of the
United States. Amateurs are to handle
messages for National Guard and Reserve
units when the plan is worked out more fully
during 1926.

During the years that have gone by, the
amateur has embraced every opportunity to
be of service. He has “shown the world”;
he has justified his existence!

To-day the American Radio Relay League
is a great fraternity of amateur radio men.
The League exists as a big organization
with thousands and thousands of members,
just because as individuals we can get more
enjoyment from organized amateur radio
than is possible for us to get as independent
individuals. The League has a Head-
quarters divided into several departments.
A whole staff of people render service of
various kinds to the membership.

The League owns the magazine, QST,
which ‘goes to all members of the League
each month. QST acts as a monthly bulletin
of our organized activities. It serves as a
medium for the exchange of ideas. It
fosters amateur spirit. QST has grown
until it is not only “the amateur’s bible”
but it is also one of the foremost radio maga-
zines in the world. It is in such general
demand that it is sold on news stands every-
where. The profits QST makes are used in
supporting League activities and in serving
the members. Membership dues to the
League include a subscription to QST.

The American Radio Relay League is a
non-commercial association of radio ama-
teurs. The continent-wide organization is
partitioned into Divisions. Its affairs are
governed by a Board of Directors. Each
one of the fourteen Directors is elected every
two years by vote of the general membership
in his territory. No one engaged commercial-
ly in making or selling radio apparatus can
be a member of the Board of Directors or
an officer of the League.

There are five officers of the League
elected or appointed by the Board. These
officers constitute an Executive Committee
which the Board has empowered to act in
handling matters that come up between
meetings of the Board, their authority, of
course, subject to certain restrictions.

The American Radio Relay League is
organized to represent the radio amateur in
legislative matters. It is pledged to pro-
mote interest in two-way telegraphic com-
munication and experimentation. It is in-
terested in the relaying of messages by
radio. It is concerned with the advancement
of the radio art. It stands for the main-
tenance of fraternalism and a high standard
of conduct. One purpose of the League is

to keep our activities so well-conducted that
the amateur will continue to justify his
existence and receive all that is his due just
as he has in the past. The League cham-
pions the rights of the radio amateur before
the whole world. Summarized, it exists
that human enjoyment in amateur radio
may be increased without measure.

LEAGUE SPIRIT

Ever since radio amateurs have been
bonded together in a League, a spirit of fel-
lowship has existed. Radio men every-
where have found pleasure' in following
friendly radio conversation by writing
friendly cards and letters. Visits to neigh-
boring amateur stations have cemented
friendships. Little groups of amateurs have
met informally; local clubs have formed
similar in organization to the parent body;
divisional and national conventions have
been filled with pleasure by the meetings of
radio acquaintances together. The League
has been made possible by the loyalty of
its members everywhere. The earnest
work and ready co-operation of members
has been responsible for the remarkable
success of the League.

HEADQUARTERS

From the small group of enthusiastic radio
amateurs who made up the League in 1914
we have grown to the present big organiza-
tion. The first League Headquarters was
in the attic of the home of our first Secre-
tary, at that time a college lad who devoted
himself to the work of the League after
school hours with the help of several ac-
quaintances. The early post-war offices of
the League were in a couple of dingy and
poorly lighted rooms in an old Hartford
office building. Only one employee, the
Secretary of the League and the Editor of
QST, took care of every bit of League work.
Soon a stenographer was needed to take care
of the increasingly heavy correspondence.
Then an Advertising Manager for the
magazine was added. The activities of the
members of the League took on more im-
portance. The next addition to the Head-
quarters Staff was a Traffic Manager.
Twice the headquarters office has been
moved to larger and better quarters. More
additions to the staff have been made to
take care of the increased needs of a grow-
ing membership. Today the Headquarters
is in a new office building, and two dozen
people are kept busy handling the affairs
of the twenty thousand members of the
League and in making up QST. Head-
quarters is divided into departments each
one 1Eu:md'ling a special part of the League’s
work.

HEADQUARTERS' DEPARTMENTS

The League’s Secretary, who is also
Editor-in-Chief of QST and its business
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manager, spends most of his time generally
supervising League work. He handles per-
sonally many important League affairs, be-
sides directing the work of his staff. An
assistant helps in answering the somewhat
bulky correspondence and seeing that the
many details are properly carried out. The
Executive Office takes care of the business
management of the League. It watches the
trend of amateur affairs. The relations of
the League in co-operating with our govern-
ment, with other national organizations or
with expeditions are carefully considered
by this office whenever any forward-looking
steps are made.

The work on the magazine, QST, is
carried out by several highly specialized de-
partments.  Advertising, Circulation, Ac-
counting, Editorial, and Technical Depart-
ments take care of the different phases of
work that go into the making of a first class
magazine and distributing it to the readers.

In addition to the work of keeping records
of changes in the membership up-to-date,
and there are hundreds of them every day,
the Circulation Department stocks message
blanks, log sheets, and League emblems for
the convenience of members who want them.
Such supplies are sold at practically what
it costs to place them in the hands of the
members.

The News Bureau supplies amateur news
direct to hundreds of newspapers, insuring
that the amateur is understood and appre-
ciated by the general public.

Several people are kept busy just help-
ing members with their different problems.
A Communications Department exists for
the purpose of suggesting and supervising
the operating activities of members. A
large part of its work is “message-
handling” work. The Experimenters’ Sec-
tion does for the hundreds of “experi-
menters” just what the Communications De-
partment does for the “operators”. The
Headquarters office serves as the “go-be-
tween” for the exchange of ideas between
the folks most interested in both fields of
work. The Information Service is free to
all League members. It is the “question
and answer” department where beginners
can write for advice and where more ex-
perienced amateurs write to get help in
solving their technical problems. All ques-
tions are answered directly by letter. If
you don’t find the information you need
right in this book, write the Information
Service telling all about your problem and
asking for the needed information. The
Information Service cannot compare dif-
ferent manufactured products but it answers
all sorts of general questions on the design
and construction of radio apparatus.

In writing Headquarters it is not neces-
sary to address individuals or Departments.
The Office Manager who sorts the mail each
day worries about the right man to handle

your problem best. To get quick results
when writing League Heaquarters it is only
necessary to write separate letters about
separate subjects so each Department can
serve you at the same time. “Calls Heard”
should not be written into the letter to the
Communications Manager. Technical ques-
tions should not be asked in a letter to the
Circulation Manager. Just address letters
to A.R.R.L. Headquarters, 1711 Park St.,
Hartford, Conn.

Members of the Headquarters staff are
always hard at work. There are number-
less details in our daily work. Getting two
bags of letters to members in the mail each
day keeps the stenographers busy. No
matter how busy everyone is, though, the
Headquarters fellows always have time to
“rag-chew” with League members who visit
“HQ”. You will be interested in seeing
where and how all the different kinds of
work are handled. Someone will be glad to
show you around the offices. The Head-
quarters station will be interesting to see,
too. Visitors are always welcome at
A R.R.L. Headquarters.

TRADITIONS

As the League has come down through the
years, certain traditions have become a part
of amateur radio. Best known to a few old-
time radio amateurs, the mysteries of the
past lend an unmistakable flavor to our
present-day League work.

Developments in radio have altered the
apparatus used by amateurs a great deal
in the last decade. Through all the changes
some personalities have stood out above
Ehe rest, typifying the spirit of the ama-
eur.

The Old Man with his humorous stories
of “Rotten Radio” has done much from time
to time to improve the morale of League
members. T.O.M. is an odd radio char-
acter who puts into words things that we
all feel at times but find difficult of ex-
pression. His pictures of radio and radio
amateurs are characteristic and inimitable.
His views are always refreshing. The Old
Man sits in his “shack” and reflects on the
“rottenness” of everything. He glares at
“Kitty”, spitting out his grouch on all who
care to listen. At his right hand he keeps
the sacred Wouff Hong to use in punishing
those who commit offenses against the radio
law. The Rettysnitch is kept within easy
reach to use in enforcing the principles of
decency in operating work. Close by is
Old Betsy, another ancient piece of radio
apparatus (rotary gap), into which are fed
the remains after the Wouff Hong and Retty-
snitch have Jdone their work.

The Old Man visits the Radio Club and
there we meet Radical, Final Authority, and
other radio celebrities, all easily recognized
in any gathering of amateurs. Back num-
bers of QST refer to these characters and
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tell the story of their doings in a most
interesting way. New members will profit
by getting back @S7’s and reading all
about them. ‘There is much speculation in
amateur circles about the identity of T. O. M.
When you read QST watch for references
to him.

THE WOUFF-HONG AND THE RETTYSNITCH
(Photographs are not to the same scale)

ot

The Royal Order of the Wouff Hong is
the rite administered at official conventions
of the A.R.R.L. This mysterious order is
open to all loyal “brass-pounders” of the
League. One must be initiated to truly ap-
preciate the honor.

Many of ‘“the gang” who have twisted
the dials and pounded the key all the night
long have automatically become “Boiled
Owls” with the rising of the sun.

The “Rag Chewers’ Club” is another fra-

AMATEUR?

ternal society for members whose chief in-
terest is in making friendly conversation
by radio. The WAC Club is open to those
who succeed in working all continents with
their apparatus.

JOINING THE LEAGUE

We have briefly reviewed the story of the
American Radio Relay League. Member-
ship in the League brings you QST twelve
times a year. The certificate of member-
ship entitles you to partake in all the bene-
fits of the organization. Amateur radio
work brings its own reward. The thrill of
actually talking with distant places, the fel-
Jowships made and enjoyed, are very much
worthwhile. Pride in what we can do with
the work of our hands and interest in com-
paring our records with those of other fel-
lows, set amateur radio apart from other
sports.

The best way to get into the spirit of
things is to join the League and start reading
QST. Follow the suggestions made in this
book in getting started. Write the Informa-
tion Service for help in any special prob-
lems that come up. An interest in ama-
teur radio is the only essential qualification
necessary in becoming a member of the
League. Ownership of a station and knowl-
edge of the code are not pre-requisites. They
can come later.

Inquiries regarding membership should
be addressed to the Secretary or you can use
the convenient application blank on page 177.



CHAPTER II
Getting Started

newcomer. It gives to many people a

new breadth of vision. Enjoyment
from broadcast reception alone is soon ex-
hausted. The thrill of hearing programs
from distant stations soon gives place to a
search for better quality in local programs.
The novelty of listening to broadcast
speeches and music wears off in a matter
of months.

To understand and enjoy radio in the full-
est sense we ought to listen to all that takes
place. The broadcast listener has but
skimmed the surface of radio fun. He has
no conception of the joy that will be his,
once he has put his finger on the throbbing
pulse of two-way radio. Long waves, set
up by frequencies below the broadcast
band, bring us a horde of flute-like signals.
Press messages, storm warnings, and
weather reports from all over the world
tell their story to whomever will listen.
Some stations speak slowly and leisurely
so that even the beginner can read. Others
race along furiously so that whole
sentences are meaningless buzzes. Countless
ship stations work near the broadcast band.
Ships report their position daily. Hun-
dreds of interesting ‘“human” messages are
sent shore stations for delivery. Short
waves, produced by frequencies above the
broadcast band, are most interesting of all.
Numberless amateurs, also transocean com-
mercial radiotelegraphy, commercial re-
broadcasting links, exploring expeditions
and experimental stations are the attraction
here.

These are the new fields for the broad-
cast listener to conquer. The greatest dis-
tances that have thrilled us with faint mu-
sic are just beginning distances for our
short-wave receivers. No continental limits
confine the “DX” possibilities. Friendships
in every corner of the world follow two-way
communication. A short-wave receiver
brings endless possibilities to light. A low-
powered and inexpensive radio telephone
may be built to use in talking with other
stations over great distances. However, al-
most all amateurs prefer to learn and use
the Continental telegraph code. Code sig-
nals will easily cover four or five times the
distance possible for the same or more com-
plicated radiophone equipment. The re-
liability is vastly better than that of any
voice work.

There is nothing difficult about building

HE story of amateur radio has been
| briefly told for the benefit of the

a receiver and transmitter. The parts are
inexpensive; the construction is simple. In
“getting started” the first step is to spend
some evenings patiently learning the code.
Before doing any operating it is necessary
to obtain station and operator’s licenses
from the Department of Commerce. These
are free of charge. Before we are ready
to apply for licenses we must build the sta-
tion, get the transmitter ready to operate,
and learn the code.

MEMORIZING THE CODE

The easiest way to learn the code is for
two or more people to practise together.
As the writer learned by another method
which is adaptable to a single person two
methods will be outlined here.

In the appendix are the Continental Code
characters. There are also phonetic sym-
bols to help in learning quickly. The Con-
tinental Code is a dot and dash system
used all over the world by radio operators
and in Europe by wire telegraph operators
as well.

In receiving code signals each letter must
be associated directly with the sound heard.
The code must first be memorized. Learn
the code, pronouncing the symbols “dit darr”
rather than ‘“dot dash”. Do not visualize
the letter “A” as a dot and a dash. Recog-
nize the sound “dit darr” as “A” directly.
Learn a few letters every day until the al-
phabet and figures have been mastered.
Have a friend ask you the letters in non-
alphabetical order. Repeat them in terms
of “dit-darr” language until familiar with
them all. Practise until you know the
sounds as letters without pausing to think
of them in terms of dots and dashes. Don’t
expect to learn it all in a day. Take things
easy. Learn a few symbols at a time.
Review each day the letters learned the
previous day. Be optimistic. You will be
surprised at your progress.

Now for the two methods of obtaining
code practise. Proficiency in code speed is
gained as in other things, by constant prac-
tise. Good sending at moderate speeds is
harder to learn than receiving. It is best
not to use a key or to try to send much until
ten or twelve words a minute can be read
and copied.

PRACTISING WITH A BUZZER

A buzzer practise set is one aid to learning
code, especially if someone who is a good
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operator can help by sending to you. A
buzzer, a telegraph key and a dry cell con-
nected as shown in the diagram make a
buzzer practise set. Using a head-set will

Buzzer

Hey

Var (ond, .oor o

|
il 3 Dry Cells

CONNECTIONS OF A BUZZER CODE PRACTISE
SET WITH A TELEPHONE HEAD SET
The intensity of the signal can be varied by changing
the setting of the variable condenser. Sometimes the

and d are connected across the vibra-
tor contacts but usually the circuit shown is best.

give more nearly the conditions that obtain
in actual radio receiving. It will keep out
outside noises. A condenser (about .002
uufd.) will be needed if a headset is used.
A variable condenser can control the au-
dibility if desired. A high-pitched buzzer
signal is helpful in learning the code. The
small sum of money a buzzer set costs is a
good investment,

In picking out a key for a practise set
some care should be taken to get a well-
balanced smooth-action key. A fairly
“heavy” key with large contacts is best to
use right from the start. It will save buy-
ing another key for the station later on.
Good sending depends partly on the key.

USING A KEY

The correct way to grasp the key is im-
portant. The knob of the key should be

Buzzer

Drycells

CONNECTIONS OF BUZZER
KEY, BATTERIES AND THE CATLIN GRIP

about eighteen inches from the edge of the
operating table and about on a line with the
operator’s right shoulder. A table of
about thirty inches height is best. The
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spring tension of the key varies with
different operators. A fairly heavy spring
at the start is desirable. The back adjust-
ment of the key should be changed until
there is a vertical movement of about one
sixteenth inch at the knob.

Do not hold the key tightly. Let the hand
rest lightly on the key. The thumb should
be against the left side of the key. The
first and second fingers should be bent a
little. They should hold the middle and
right sides of the knob respectively. The
fingers are partlv on top and partly over
the side of the knob. The other two fingers
should be free of the key. The sketch
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 uvn-and-down motion
without any sideways action is best. The
fingers should never leave the key knob.
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LETTERS AND FIGURES OF THE CONTINENTAL
CODE

The code is made up of different combina-
tions of dots and dashes. The sending of
intelligible signals depends on proper key-
ing by the transmitting operator. The dots
and dashes must be of the proper relative
length. Suitable spaces must be left be-
tween letters and words. A dash is equal in
length to three dots. The space between
parts of the same letter is equal to one
dot. The space between two words
is equal to five dots. The exact time in-
tervals depend on the rate of sending. Be-
ginners key a bit stiffly, making a C like two
N’s. Muscle control improves with a few
hours daily practise.



8 THE RADIO AMATEUR’S HANDBOOK

RECEIVING

Now that we have memorized the code
we must begin to practise sending and re-
ceiving using the buzzer practise set. Some-
one who is already a good operator should be
enlisted to send the first signals.

Go over the code and name the different
letters as they are sent on the buzzer. The
letters should be sent while you name them.
Don’t try to compare different letters.
Learn each by its own individual sound.
Each letter combination should be sent in
a snappy way. A slow rate of sending
should be secured by leaving long spaces
between letters, not by dragging out the
signals. Practise on letters and then on
groups of letters. Write down what you
receive to better co-ordinate the process of
receiving and recording signals. Do not
try to write down the dots and dashes; put
down the letters.

Code groups are more valuable for or-
dinary practise than straight English texts.
The frequency with which certain letters
appear in common writing gives more
practise on some letters than on others.
Concentrate on the practise work and be
patient. All the effort you spend in learn-
ing the code will repay you fifty-fold.

Always have the letters sent you for
practise a little faster than you can com-
fortably receive. When the sending is so
fast that you can copy just two out of every
three letters, your mind will be speeded up
and you will try to get that other letter.

SENDING

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 freak
keys alone until you have mastered the
knack of properly handling the standard-
type telegraph key. Because radio trans-
missions are seldom free from interference
a “heavier” style of sending is best to de-
velop 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 practising with a key in earnest. The
paragraph on “using a key” and the dia-
gram show just how to grasp a key. An
experienced operator should be present right
at the start to offer suggestions. Otherwise
a wrong idea of spacing or of holding the
key may develop into a habit that is hard
to break. While learning to receive, you
have become fairly familiar with good send-
ing. Try to imitate the machine or tape
sending that you have heard. This gives a
good example of proper spacing values.

When beginning to handle a key do not try
to send more than six or seven words a
minute. A dot results from a short de-
pression 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. An “S”
is made by three up-and-down motions of
‘t‘he’ lgey in regular sequence. The letter

G” is made by holding the first two con-
tacts and making the third one without any
pause at the contact. Key practise 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 sup-
pressed rather than cultivated. Sending is
som.eth}n% like writing, however. Individ-
uality is bound to show in all hand-sending.
Unless the spacing is even and regular, re-
ception becomes guess-work. The operator
who practises on a buzzer until he has de-
veloped a good “fist” is appreciated by every-
one he “works”. His sending is legible and
gets favorable attention.

A good rule in sending is never to send
faster than you can receive. Then you can
tell what your signals sound like to the
operator who must copy them. 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. Attempting to send dots nervously
in as rapid succession as possible is the
first step in acquiring a “glass arm”.

A’word may be said about the “Vibro-
plex” and ‘“double-action” keys. The “Vi-
broplex” makes dots automatically. The
rate of making dots is regulated by chang-
ing the position of a weight on a swinging
armature. Dots are made by pressing a
lever to the right. Dashes are made by hold-
ing 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
practise is necessary before readable code
can be sent. The average novice who uses
a “bug” tries to_send too fast and ruins his
sending altogether. The beginner should
keep away from such keys. After he has
become very good at handling a regulation
telegraph key, he may practise on a “bug”
to advantage.

LEARNING BY LISTENING

Another method of learning the code will
appeal to some individuals. We all want to
try our skill on some real messages when
we have progressed this far. The next step
after _'memorizing the letters is to put into
practise on an actual receiving set what we
have learned.

A number of high-power-stations can be
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heard in every part of the world. Some
commercial short-wave stations send on
wavelengths below one hundred meters and
can be copied with the receiver described on
page 48. A one-tube or two-tube receiver can
be quickly and cheaply put together for long-
wave code practise. Powerful transatlantic
commercial stations send on wavelengths
between 5,000 and 20,000 meters. Many of
them use tape transmission. The sending
is perfectly regular. The stations send at
speeds depending on the reception conditions
at the time of transmission. It is usually
possible to pick a station going at about the
desired speed for code practise.

Right here we will list the materials that
will be needed to construct a long-wave re-
ceiver for code-practise work:

1 1500-turn honeycomb coil (5000 to
15000 meters)

standard single coil mounting (not
pivoted)

good variable condenser having a max-
imum capacity of .001 microfarads.
brass angles to support the condenser
good tube socket

30-ohm rheostat

.001-microfarad Sangamo mica by-pass
condenser

.00925-microfarad mica grid condenser
2-megohm grid leak

feet of No. 14 tinned bus wire
single jack, open-circuit type

%erminal block, 2” x 4%, x 14”, bake-
ite

wood base board, 1” x 714” x 127

8-32 binding posts or machine screws
with two hex nuts each.

P
P HHEHOMM mmeA

The coil mounting and coil can be ob-
tained from Sears-Roebuck and Co., Mont-
gomery Ward and Co., Charles Branston,

SCHEMATIC DIAGRAM OF A “SINGLE CURCUIT”
LONG-WAVE RECEIVER FOR CODE PRACTISE

Inc., Buffalo, N. Y., or the Remler Radio
Manufacturing Company of San Francisco.

For the commercial ship and shore sta-
tions a 150-turn coil may be purchased. For
the 1200 to 2600-meter wayelength band a
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400-turn coil will be correct. A 750-turn
coil will bridge the gap from 2600 to 5000
meters. These coils may be added as desired
and by plugging them into the coil mounting
the wavelength range of the set may be
changed. You can then hear all the dif-

HOW THE SIMPLE LONG-WAVE RECEIVER
LOOKS WHEN BUILT ON A “BREADBOARD"

ferent kinds of radio communication that
we have mentioned in these bands.

The circuit and photograph of such a re-
ceiver are shown herewith, The parts may
be connected as shown in the photograph.

ANT. GND. A~ #AB +B

DO AR T
| S

HONEYCOMB COIL

RHEOSTAT

-00025 MFD.
GRID COND.
AND LEAK

OoNO

43 PLATE 001 MFD,
VARIABLE
CONDENSER

DPEN CIRCUIT JACK

\ / BREAD-BOARD-/

PICTURE DIAGRAM SHOWING HOW THE PARTS
OF THE LONG-WAI\;I‘I':: RECEIVER ARE CON.
CTED

With the smaller coils we can hear Arling-
ton’s Navx Press as well as many low-
powered ship and shore stations. We shall
not want to listen to their high speed traffic
handling at first. The Ionger wavelengths
received with the large coil are most suit-
able for code practise,

Tuning is accomplished with the vari-
able condenser. The use of but one con-



10 THE RADIO AMATEUR'S HANDBOOK

trol makes the tuning simple. The tone of
the incoming signal can be varied to suit
the operator. At first hunt for a station
sending slowly. Listen for a letter. Use
paper and pencil and write down the letters
as you hear them. Try to copy as many
letters as you can. Sometimes you will hear
signals that you cannot interpret. Long-
wave stations use keying systems that al-
low a signal to go out between the dots and
dashes on a different wavelength. You will
readily learn to distinguish between this
“packiash”, as it is called, and the actual

4
1 L & 3 :&
i R R R .

NOTE = Size ofdhill 1 agree with type of binding pestused.
TERMINAL BLOCK SEEN FROM THE BACK OF SET

|, Jumper

lo O 0 0L O (sastourt
WGND. -A +A [ ] "é

noTa-Pasts #A"ond -8 *ara comecled Logether a5 Shown.

ARRANGEMENT OF COMPLETED TERMINAL BLOCK
SEEN FROM THE BACK OF SET.

signals that you can copy. 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 practise should be repeated
three or four times a day. Don’t become
discouraged. Soon you will copy without
missing so many letters. Then you will
begin to get calls, which are repeated several
times, and whole words like “gnd” and “the”.
After words will come sentences. You now
know the code and your speed will improve
slowly with practise. 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 practise in copying actual signals and
having real difficulties with interference,
static, and fading, is far superior to that
obtained by routine buzzer practise.  Of
course that is of great value at first in
getting familiar with the alphabet.

Many short cuts have been proposed for
quickly memorizing the code for increas-
ing speed of reception. Most of them have
some good points. Learning the code is
mostly a matter of getting practise, how-
ever. An omnigraph is of some assistance
if a large number of records can be ob-
tained. It is an expense that few can af-
ford. Unless many different sets of “copy”
are available one soon becomes familiar
with the material and it is of no more

value.  Phonograph records of code sig-
nals ean be obtained but have similar draw-
backs. Examinations for operator’s li-
censes are conducted using an omnigraph.
Therefore it is desirable to become famil-
iar with tape or omnigraph sending to insure
easily passing the examination. “Ma-
chine sending” on long or short waves is
about as good as an omnigraph except that
the speed cannot be controlled at will.

In “learning by listening” try to pick
stations sending just a bit faster than your
limit. In writing, try to make the separation
between words definite. Try to copy the
whole of short words before starting to write
them down. Do the writing while listening
to the first part of the next word. Practise
and patience will soon make it easy to listen
and write at the same time. Good oper-
ators can often copy several words “be-
hind” the incoming signals.

AN ALL-WAVE RECEIVER

Under the heading “Learning by Listen-
ing” we have described the simplest and
cheapest long-wave outfit that can be put to-
gether for getting code practise. The set is
a “single circuit” affair and has the several
advantages and disadvantages of all single
circuit tuners.

For permanent use a somewhat better
job can be made by purchasing another con-
denser, a 3-coil swivel mounting, and a few
extra honey-comb coils wound on 2%” forms.
The “three circuit” regenerative (primary-
secondary-tickler) circuit should be used,

A A
or
L Hi|
L
—a —
) - ol ll:]
Phones or Prima

ry of
Amplifying Fgm‘fbrmerj
THREE CIRCUIT REGENERATIVE RECEIVER

giving more flexible and selective tuning
with less trouble in getting it to work. Such
an all-wave receiver will work efficiently on
the long waves. It will be inferior to a
special receiver for short-wave and broad-
cast work, however.

In the circuit shown, 1,000 micromicro-
farad variable condensers are used in the
antenna circuit and across the secondary coil.
Smaller condensers will be best for getting
good station distribution on the dial for
amateur and broadcast wavelengths. This
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outfit works best on wavelengths longer than
750 meters. When the tickler can be at the
grounded end of the secondary coil, un-
desirable tuning effects are minimized.

All the parts are shown properly con-
nected in the picture diagram. The an-

== THREE COIL REGENERATIVE [
= RECEIVER FOR MEDIUM AND
LONG WAVE RECEPTION [

tenna coil (A) is the left-hand coil in the
sketch while the secondary coil (S) is in the
center of the coil mounting and the tickler
(T) is on the right. A list of the proper
number of turns for each coil to cover cer-
tain wavelengths is given below. The sec-
ondary coil is the one which really deter-
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given primary coil can be made to cover a
large band of wavelengths by using the
series condenser for the shorter wavelengths
and changing to parallel for reaching longer
wavelength stations.

The farther apart we move the antenna
and secondary coils, the easier the set will
oscillate and the “sharper” the tuning. Dif-
ferent stations can be separated more easily
when the coils are not too close together.
Varying the position of the coils changes
the “coupling” as explained elsewhere. The
tickler should be brought up toward the
secondary coil until a light click is heard
in the phones. Then the set is oscillating
and stations may be tuned in by the process
of turning the dial of the secondary tuning
condenser (the one across S). When a sta-
tion is found the tickler can be readjusted
for loudest signal strength. Louder signals
still can be obtained by bringing the an-
tenna more nearly in tune by varying the
setting of the antenna condenser which will
also make a slight readjustment of the
tickler coil position desirable.

READING DIAGRAMS

Schematic diagrams show the different
parts of a circuit in skeleton form. Picture

Turns Turns Turns Antenna coil connection
Ant. ec. Tic. for .001 mfd. var.
Service (Meters) Coil Coil Coil condenser
Amateur and Broadcast 140-350 35 25 35 Series
Broadcast and Commercial 250-700 75 50 35 “
Comm’] Ship-Shore Tfec. 450-1500 150 100 75 “
Comm’] and Navy 700-2200 200 150 100 “
NAA Time 1100-4000 300 250 150 “
Arc Stations 2350-4800 200 300 150  Parallel
Arc Stations 2500-8500 500 500 200 “
Commercial, Foreign,
and press 3100-15000 750 750 300 “
Same and NSS Time 6000-21000 750 1250 500 “

mines the wavelength band that can be cov-
ered with a certain size of secondary tuning
condenser.

The dotted line means that equally good
results may be expected with the filament
circuit either grounded or ungrounded. The
principle advantage in grounding the fila-
ment and connecting the movable plates of
the variable condenser to this side of the cir-
cuit is that it minimizes the detuning effect
of the hand when brought close to the con-
denser dial.

The schematic circuit diagram shows two
methods of making the antenna coil con-
nection. The “series” connection shown in
both diagrams may be used for all wave-
lengths but with the “parallel” arrange-
ment shown at the left it will be easiest to
tune our antenna circuit clear up to the
twenty thousand meter wavelengths which
will result in the best signal strength. A

diagrams show the connections and appara-
tus 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 of the radio books that
we have mentioned. The diagrams are easy
to understand once we have rubbed shoulders
with some real apparatus and read about
it. Schematic diagrams are used in all
electrical work because they save so much
space and time when discussing the various
circuits. Picture diagrams are simpler to
use but difficult to draw. Photographs of
apparatus show the actual arrangement used
better, but the wiring is not always as clear
as in the picture diagrams. In building
most apparatus a schematic diagram and a
photograph will make everything clear. It
is suggested that the beginner carefully
compare a few picture and schematic dia-
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grams if not entirely familiar with the
latter.

We have not room in this book to
include pages of pictures of apparatus giv-
ing the proper symbol for each device but
a number of picture diagrams have been
put in at different points so that a compar-
ison of picture and schematic diagrams will
enable one to understand what is intended
in all the schematic diagrams here and else-
where.. In general, coils are indicated by
a few loops of wire, resistances by a jagged
line, and variable elements in the circuit by

STATIONS YOU WILL HEA
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arrowheads. If a device has an iron core
it is usually shown by a few parallel lines
opposite the loops indicating coils or wind-
ings.

When you can draw and talk about
circuits in terms of the various convention-
al 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.

You may find a correspondence school
course of some help. It depends on the in-

R ON THE LONG WAVES

Call Location Wavelength Time G.M.T. Service
NSS Annapolis, Md. 17,150 ( 17.5ke) 2200 Ice report
1655-0255 Time Signals and Press
NAA  Arlington, Va. 2,677 (112.0ke) 1655-1530 Time Signals, Weather
4,409 ( 68.4ke) 0255-0330 and Navy Press
NAR  Key West, Fla. 2,939-5,657 1655-0300 Time Signals and weather
NAT New Orleans, La. 2,752 (107.0kc) 1655-1500 Time Signals
POZ Nauen, Germany 18,075 ( 16.6ke) 1155 Time Signals
3,000 ( 77.0ke) 2355-1155 Time Signals
LY Bordeaux, France 18,940 ( 15.8ke) 0801 Time Signals
YN Lyons, France 15,000 ( 20.0kc) 1700-1750 Wave calibration
15,5600 ( 19.4ke) 0818-0850 Time Signals
IDO Rome, Italy 10,850 ( 27.6ke) 0850-1950 Coded report
NPG San Francisco, Cal. 7,005 ( 28.6ke) 1700-0330 Weather bulletin
4,836 ( 62.5kc) 0555-1955 Time Signals
NPL San Diego, Cal. 9,798 ( 30.6ke) 1000-1655 Press and time
2,939 (100.0ke) 1630-1655 Time Signals
UA Nantes, France 9,000 ( 33.3ke) 1415 W ave calibration
FL Paris (Eiffel Tower) 7,000 ( 42.8kc) 1640 Wave calibration
6,000 ( 50.0kc) 1455 Coded synoptic report
2,600 (115.0ke) 2244 Time Signals
NAD Boston, Mass. 2,939 (102.1ke) 1600-2200 Weather bulletin
NAH New York, N. Y. 2,776 (107.1kc) 1530-2200 Weather and navigation
XDA  Mexico City 5800 ( 51.7kc) 0054-1856 Time Signals
NPM  Pearl Harbor, Honolulu 2,828 (107.0ke) 2355 Time Signals
5,552 ( 52.8ke) 0630-1830 Weather
11,490 ( 26.1ke) 2355 Time Signals
WQK Rocky Point, L. I. (Several waves) Traffic with different countries
WCC Chatham, Mass. 2,150 (140.0kc) Press
2,200 (136.0kc) 2200-1400 Weather conditions
NBD Bar Harbor, Maine 2,400 (125.0ke) 0800 Press 8
NAM Norfolk, Va. 2,883 (107. ke) 1330-2100 Weather bulletin
GBL Leafield, England 8750 ( 34.3kc) 0000-2000 Press
WSE East Moriches, L.I,N.Y.2,800 (107. ke) 0130 Press
NBA Darien, Panama § 6,518 ( 46.0kc) 0900-1000 Time and Press
(Balboa, Canal Zone) 6,518 ( 46.0ke) 1755-2755 Time Signals
QUlI Eilvese, Hanover, Ger. 9,600 ( 31.3ke) Press
WAX Miami (Heliah), Fla. 5,652 ( 54.0ke) 1130 Press
600-1,599-2,175 (500-188-138kc)
WNU New Orleans, La. 3,331 ( 90.0ke) 0500-1700 Press
600-1,700 (500-177ke) 1630 Weather
wSH East Moriches, L. I, N. Y. 2,400 (125.0kc) 0315 Press
WSA East Hapton, L. I, N. Y. 650 (462.0kc) 0315 Press
WRQ East Hampton, L.I,, N.Y. 13,500 ( 22.2kec) 0518 Press
WBF  Boston, Mass. 600-690-2,025-2,350
WNN Mobile, Ala. 600-680-1,713
UuQ Bluefields, Nicaragua 1,850-2,100
uw Cape Gracias, Nicaragua 650-2,000
UL Managua, Nicaragua 600-1,800-2,400-4,600
UG Tegucigalpa, Honduras 600-1,950-4,330
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dividual’s ability to absorb by mail. In any
event, though, study things out from the in-
formation available in this book—then jump
in and enjoy the experience. Learn by doing!
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third word in the text of Bordeaux’s num-
ber 271 addressed to the cable address
Irvingbank?”

Some active and regular traffic-handling circuits are:

Carnarvon, Wales ............... MUU,
Bordeaux, France, ................. LY,
Stavanger, Norway .............. LCM,
Nauven, Germany ................. POZ,

Elvese, Germany oul,

Regular operators handle these circuits
in some cases; in others “tape” or “machine”
transmission and reception is used to speed
up traffic handling to the limit fixed by re-
lays and atmospheric conditions.

Most beginners are puzzled by certain ab-
breviations which are used right along on
long waves. Many code groups are sent by
different commercial organizations to
shorten the messages and to reduce the ex-
pense of sending messages which often
runs as high as 25 cents a word. Unless
one has a code book it is impossible to in-
terpret such messagaes. Five and ten-
letter cypher groups are quite common and
make excellent practise signals. Occasion-
ally, when receiving conditions are fine, 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.

A prefix is often used to show the class
of traffic and the station to whom the
message is going. The long-wave com-
mercial stations number their messages
periodically. Ship and shore stations start
a new series of message numbers each day
and with each new station worked. Naval
stations use “v” for an intermediate. The
commercial stations use “de” for an inter-
mediate. Thus Tuckerton sending the 86th
message for a certain period sends, “86 LCM
de WGG.” In case Bordeaux is sending, the
prefix reads “F 86” or if the operator is
just starting his evening’s work, “Hr tfc F
86”, meaning ‘“Here traffic Bordeaux,
France, number 86”. Stavanger, Norway,
uses the prefix “NW”; POZ uses “PR” and
OUI uses “OPR”.

Traffic is classed as “ordinary”; “de-
ferred”; “urgent’”’; and ‘“rush”. “Or-
dinary” messages have a straight prefix as
we have mentioned above. “Deferred”
messages have “K” added to the prefix of a
given station. “Urgent” messages have “D”
added to the prefix. An “R” stands for
rush,

When the receiving operator is uncertain
of a word or part of a message, he asks
a repeat from the transmitting station at
the first opportunity. “RQ” is the prefix that
tells what is meant. ‘“RQ” is used when the
receiver questions the message. “RQ F 271
irvingbank third” means, “What is the

The answer to an “RQ” is a “BQ”. If the
and New Brunswick, N. J.,, .......... WII
and Marion, Mass., ................ WSO
and Tuckerton, N. J.,, ............. WGG
and Rocky Point, L. I., ............. WQK
and Marion, Mass., ................. WSO

third word of number 271 was “member-
ship”, LY will answer the “RQ” by sending,
“BQ F 271 third membership.”

When the public asks for information
about a message, a service message is sent.
The prefix “SG” is used for this. If the re-
ply comes back with the prefix “SVC” (ser-
vice), “SG”, or in the form of a “BQ” show-
ing the company to be at fault, the company
does not charge for the service message. If
“ST” is added to “BQ” the message in
question was clear of errors the first time
transmitted. Then the service message is
paid for by the inquirer.

A time conversion chart is printed else-
where in this booklet. Most schedules of
high power stations are kept on Greenwich
time (five hours later than Eastern Stand-
ard Time).

LCO and LCD in the prefix refer to the
text as being “Language of country of
origin” or “Language of country of de-
livery”. RP means “reply prepaid”.

It should perhaps be emphasized that the
procedure described in the foregoing para-
graphs is that of commercial usage, not ama-
teur. Amateurs use a less complex pro-
{:eéiure of their own, as will be explained
ater.

UNDERSTANDING TIME SIGNALS AND
WEATHER REPORTS

Amateurs in the United States will prob-
ably find the time signals, weather and press
reports from Arlington, Va., (NAA, 2650
meters) and Annapolis, Md., (NSS, 16,000
meters) sent at noon and 10 p.m., E.S.T.,
most useful and interesting in learning the
code. Sometimes before sending the press
NAA will request listeners to stand by
(QRX) for a certain time while ship traffic
is cleared. That gives us a chance to see
how traffic is handled. Then the “U.S. Navy
Press” will follow with interesting world-
wide news items. A 12-to-15-word code
speed is employed.

The time signals start at 11:55 a.m. and
9:55 p.m., E.S.T., daily. Every tick of the
standard clock at the Naval Observatory
is sent as a dot. The 29th second of each
minute is omitted as well as the last five
seconds of the first four minutes of time
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signals, The last ten seconds before the
hour ave omitted. The beginning of the
dash which is sent at noon and ten p.m. 1s
exactly the hour. . .
Weather reports go something like this:
“QST de NAA USWB T02081 DB01251
H00442 P99265,” etc. This introduction
means, “General call to all stations from
Arlington, Va., United States Weather Bu-
reau.” The report gives conditions at va-
rious points two hours previous to the time
of transmission. The key-letters refer to
the different observation points. A few of
the commoner ones follow:
T—Nantucket, R. 1. K—Key West, Fla.
DB—Delaware Breakwater. DU—Duluth, Minn.
H—Cape Hatteras, N. C. G—Green Bay, Wis.
P—Pensacola, Fla. D—Detroit, Mich.
B—Bermuda. M—Marquette, Mich.
C—Charleston, S. C. CH—Chicago, Ill.
S—Sydney, Nova Scotia. V—Cleveland, O.

SF—San Francisco, Cal. DI—San Diego, Cal.
SE—Seattle, Wash.

The first three figures give the barometer
reading. “P992” shows that the barometer

at Pensacola reads 29.92 inches. “6” shows
the direction of the wind:

1—North 5—South
2—Northeast 6—Southwest
3—East 7T—West
4—Southeast 8—Northwest

The last figure gives the velocity of the
wind in statute miles per hour. 1.15 nau-
tical miles equal 1 statute mile. “5”, for
example, indicates “fresh breeze” according
to the table below:

Figure Air Statute M.P.H.
0 Calm 0-3
1 Light air 8
2 Light breezes 13
3 Gentle breezes 18
4 Moderate breezes 23
[ Fresh breezes 28
6 Strong breezes 34
1 Moderate gale 40
8 Fresh gale 48
9 Strong gale 56
10 Whole gale 65
11 Storm 15
12 Hurricane 90

When several 5-unit groups of figures are
given, the first two groups are surface ob-
servations at stations indicated by the key
letters.  Additional groups contain upper
air date which can be interpreted in the
customary way.

The Radio Service Bulletin which is issued
monthly by the Department of Commerce
may be obtained from the Superintendent of
Documents, Government Printing Office,
Washington, D. C., for 25c a year. This
gives the up-to-date details about such sta-

tions.
Official Broadcasting Stations of the
A.R.R.L. send the latest Headquarters’

news on amateur wavelengths. The messages
are often interesting and they are sent slow-
ly enough for code practise between 15 and
20 words a minute. Lists and schedules ap-
pear frequently in the membership copies of

QST

A word of caution: The U.S. radio com-
munication laws prescribe heavy penalties
for divulging the contents of any radiogram
to other than the addressee. You may copy
anything you hear for practise or for your
own information but you must preserve its
secrecy.

SHIP-SHORE STATIONS

After a little proficiency in code speed
has been developed it 1is interesting
to become familiar with other radio
services than the long-wave commercial sta-
tions that are so useful in giving regular
code practise.  Cables cross the oceans:
telegraph and telephone circuits span the
continents. The minute we set foot on a
ship and get away from the offices and
residences where our everyday life is spent,
we are cut off from quick and easy two-way
communication by telegraph, telephone and
mail. Everything now depends on wire-
less telegraphy. The very ship on which
we travel is protected by radio beacons.
Warnings and weather reports are received
every few hours. If we have important
business to transact it must be done by
radiogram.

So the business handled from ship to
shore is always varied and interesting. Its
importance can hardly be sufficiently
stressed in a few words. Steamers many
days at sea keep in touch with the stock mar-
ket quotations, and receive news of world-
wide significance. They receive individual
messages for their passengers. When
storms are encountered, machinery becomes
damaged, fires break out, or when there is
trouble aboard ship, a simple SOS call
brings assistance from the nearest point
within just a few hours, depending on the
nearness of assistance. The safety and
confidence of everyone in the ocean travel of
to-day depends in a large measure on the
ship-shore telegraphic communication.

At one end of the broadcast band of wave-
lengths lies the amateur telegraph field and
a number of experimental services. At the
other end of the broadcast band lies the ship-
shore communication channels. Hundreds
of ships have traffic to clear to shore daily.
Often foreign ships sending in the broadcast
band cause interference for which the ama-
teur is unjustly blamed. Ship and shore
station operators have highly developed
time-saving procedure in order to handle
many varied messages with a minimum of
interference (QRM) with each other. So
that the listener will know what to expect
and so that he can understand what he hears
we will give a few of the commoner ab-
breviations and their uses right here.

Using the 150-turn coil to listen to the
ship-shore traffic between 500 and 1200
meters wavelength we may hear both
“spark” and “tube” transmitters. The
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communication laws specify that a call
shall be made by sending the “attention
sign” once, the call letters of the station
called three times, the intermediate “de”
(meaning from) once, and following this
with the call letters of the calling station
three times. The full form of a call is
like the following, “——— WSA WSA
WSA de ITF ITF ITF.” The answer,
“—e—— ITF ITF ITF de WSA K", sig-
nifies that WSA is ready for traffic. Usually
the note of WSA or any of the shore sta-
tions is quite distinctive. To save time he
may say nothing but “ITF K”. When the
ship station is near the shore station, he
shortens his call to “WSA ITF”. If WSA
is busy taking traffic from someone else he
will ask ITF to “stand by”, this way: “ITF
QRX”. Still shorter is “ITF .—...” which
means the same thing.

On long waves some of the commercial
stations use the Navy intermediate “v”
instead of ‘“de”. For ship-shore work the
“de” is most common. A 600-meter wave-
length is used for calling, and 700 to 850
meters is used for working. 952 meters is
used for naval radio compass work.

When ITF says, “WSA ITF P” he means,
“I have a paid message for you. The reply
from WSA is usually, “ITF K 700”. The
operator at WSA then proceeds to listen on
700 meters or thereabouts and to copy
the message. The preﬁx “P” in the message
shows that it is a “paid” message. “TR”
is the prefix to a position report which is
sent daily showing the position of various
ships for the information of owners and the
public who await ship movements anxiously.
“SVC” indicates that a service message is
coming. The letters “GOVT” indicate that
a government message will be sent.

“W”, “WDS”, or “CK” refer to the num-
ber of words or the check of the message.
“RC” usually refers to the Radio Corpora-
tion of America who control some of the
large traffic-handling commercial statlons
A short commercial message with a “radio”
check might be sent from WLC to ITF as fol-
lows: “ITF WLC R HR P 1 W 11 CONEY
ISLAND NY 217P 14 to WILLIAM RICH-
ARDSON SS GENUARO RCNEWLON-
DON — .— ADVISE WHAT NEW
MACHINERY NECESSARY
TOMPKINS AR WSA K”.

The time and date precede the address.
Suppose the operator of ITF misses a few
words; he may ask WLC to repeat: “QTA
TEXT”. He may use “,.——..” for the
missed portions as described elsewhere in
this book. To ask for missing words, “WA”
and “WB” refer to the “word after” and
“word before” a specified word.

POSITION REPORTS

Ship stations send a “position report”
daily or when requested by the coast sta-
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tion. The letters “TR” precede the report,
which includes the distance from ship to
the shore station in nautical miles, the po-
sition as briefly as possible, the next port
of call and the number of radiograms or
words handled. The speed of the ship is
sometlmes included. A sample report:
‘——.— TR 150 OFF CAPE HATTERAS
BOSTON 5 .——. ITF”.

The presence of unnecessary capital letters,
periods, commas or other marks of punctu-
ation may alter the meaning of a text. For
this reason commercial communication com-
panies use a shiftless typewriter (capitals
only). The texts of messages are typed
in solid block letters (all capitals) devoid
of punctuation, underlining and paragraph-
ing except where expressed in words.

Code speed depends mostly on the amount
of practise one gets. Anyone can learn the
code. A desire to learn, plus determina-
tion and persistence at the start are the
prime requisites a beginner should have

As soon as the scattered letters begin to
make words and sentences, the beginner is
repaid a thousand-fold for his time and
trouble. Long wave (5,000-15,000-meter)
flute-like signals have a charm all their own;
medium wavelength (500-5,000-meter ) sig-
nals are filled with throbbing “human-in-
terest stuff”; the broadcast band (200-500
meters) brmgs us music that entertains; the
amateur short-wave signals (15-200 meters)
give us the thrills of world-wide two-way
contacts with others just like ourselves.
Each wavelength has its particular char-
acteristics and the whole spectrum of radio
activities is a field where we can explore and
enjoy the findings when we will, not for-
getting to keep the contents of messages
secret as required by law.

OBTAINING A GOVERNMENT LICENSE

Before one can operate ANY form of
transmitter he must have two government
licenses. A license is requlred for the sta-
tion and another license is required for each
operator of the station. Happily, neither of
the licenses costs anything to obtain.

The station license allows the station to be
operated. The man who holds the license
is responsible for the proper operation of
the station under the terms of the license.
The operator’s license is proof of the ability
of the operator. Some knowledge of the
code and operation of the apparatus are
necessary to get this license. There is in-
formation enough right in this book to enable
anyone to get an amateur operator’s license.
No license whatsoever is necessary for the
operation of any kind of receiving station.
Operation of a transmitter of ANY SORT
without a license is unlawful and a heavy
penalty is imposed for such operation.

There are several grades of station
licenses. The Provisional license is a
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temporary license given an uninspected sta-
tion. The Supervisor of Radio cannot visit
and inspect every station as soon as applica-
tion has been made so Provisional licenses
are issued. The Restricted license is neces-
sary when a station operates near a govern-
ment station. If you live within five miles
of a military or naval station there are
restrictions in power or wavelength neces-
sary to prevent interference to such
services. Usually there are no restrictions
of this sort that affect amateur operation
materially. The General license replaces the
Provisional license when a station has been
inspected and approved by the Radio Super-
visor. The Experimental (“X”) license is
given to stations having a definite object
in view that justifies the granting of special
wavelength and power privileges. In-
dividuals engaged in reseach or engineering
work frequently can get Experimental
licenses but the Government has been
generous in giving amateurs plenty of wave-
lengths and a great deal of valuable work
can be done with the ordinary grades of sta-
tion licenses. Long experience and proof
that the work cannot be done with a “dum-
my” antenna are necessary to get an “X”
license.

Most amateurs hold the Provisional or
General grade of license which is not hard
to obtain. All ordinary citizen radio work
can be carried on under such a license.

Amateur operators are licensed in three
grades. The Second Grade, First Grade
and Extra First Grade are the names by
which they are known. The Second Grade
license is given amateurs who do not live
near the Supervisor’s office, who have to take
a brief examination by mail. Anyone can
get application blanks for operator’s and
station licenses from the nearest Supervisor
by asking for them. Provisional and Second
Grade operators’ licenses are issued to be
effective until the applicant can be examined
in person and the station inspected. When
you are qualified, two licensed men in your
vicinity will gladly make affidavit to the fact
that you can send and receive at 10 words
per minute.

The First Grade amateur operator’s
license is issued when the Supervisor has
given the examination in person. A ten-
word speed is all that is necessary for the
code part of this examination.

The Extra First grade of license requires
a code speed of 20 words per minute and a
very good understanding of the technical
points of the game.

Either a first or second grade amateur
operator’s license is sufficient, although a
Commercial “ticket” is proudly displayed in
many a “ham shack”.

The requirements for passing the amateur
examination are not difficult. Information
on all amateur stations and operating rul-
ings of the Department of Commerce may

be obtained on application to the Supervisors.
The applicant must be able to send and re-
ceive 10 words a minute, 5 letters to the
word of the Continental code. He must be
familiar with the “Radio Communication
Laws and Regulations of the United States,”
available from Superintendent of Docu-
ments, Government Printing Office, Wash-
ington, D. C., for 15¢ (not stamps). Special
attention should be given to the part of the
pamphlet which mentions amateur sta-
tions. Applicants are expected to be fa-
miliar with amateur receiving and trans-
mitting equipment. The construction and
function of each part of the apparatus
should be studied. You should be able to
explain the operation and elementary theory
quite thoroughly.

In the examination the applicant is re-
quired to tell what apparatus he expects to
use, to draw a simple diagram of connec-
tions, and to explain the operation. The dia-
gram should show the switches and ground
connections just as they are in the station.
Applicants must be able to identify a dis-
tress signal (SOS) and to understand the
signal used telling him to stop sending
(QRT) when he is causing interference
(QRM).

Tube sets for CW and ICW telegraph
work or for radiophone communication on
certain amateur bands are readily licensed.
Spark sets are no longer licensed to operate
on amateur wavlengths. If an applicant
lives near the Supervisor of his district it is
only necessary for him to get in touch with
the Supervisor. The necessary arrange-
ments for taking the examination and
getting a station license can be made in per-
son or by mail.

The Department of Commerce licenses am-
ateur telegraph stations to work in any or all
of several wavelength bands. If voice is to be
used, the station must be built to work in
either the 83.28-85.66 (3600-3500 kes.) or the
170-180 (1765-1667 kes.) meter wavelength
band. Amateur transmission when using
wavelengths above 85.6 meters is prohibited
in the United States between the hours of
8:00 and 10:30 P. M. local standard time,
and on Sundays during local church
services. Radiophone stations using the 80-
meter band are also required to observe the
prescribed quiet hours. Interference to
other services cannot be permitted and
quiet hours are prescribed when readjust-
ments of the transmitter or alterations of
a non-selective receiver will not do away
with the trouble.

A.RR.L. “Vigilance Committees” have
heen organized in a number of commnuni-
ties.  Amateurs, broadcast listeners, and
representatives of the local newspapers
make up the committees. They investigate
reports of amateur interference, put the
interested parties in touch with each other,
suggest ways of reducing or getting rid of
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the interference and see that the blame
is placed where it belongs. @ When quiet
hours are necessary, they are recommended.
In cases where suggestions are disregarded,
the interference is reported in detail to
League Headquarters. In extreme cases
the matter has to be turned over to the
Department of Commerce. 98% of the in-
terference experienced by broadcast listen-
ers comes from power leaks and foreign
ships who transmit in the broadcast band
when near our shores. The Vigilance Com-
mittees have done much to educate the
broadcast listener regarding the sources of
interference and they have reduced what
little amateur interference there has been to
a negligible quantity.

To-day there is no excuse for amateur
interference. = The broadcast listener who
uses a non-selective receiver (there are
some such still on the market) has only
himself to blame if he takes no steps to im-
prove it and increase its selectivity. The
amateur who interferes can always reduce
his wavelength, loosen the antenna coupling
and improve the plate supply. The addition
of a ‘“key thump filter” will often be
sufficient to permit non-interfering opera-
tion. Close proximity to a transmitting
station often results in the setting up of
forced oscillations in near-by receiving cir-
cuits. Placing antennas at right angles
and using good ‘“shielding” will eliminate
even such troubles.

. There should not be the slightest hesita-
tion in constructing a station on the grounds
that it will “interfere” or “draw lightning”.
The use of short wavelengths has solved the
interference problem for good, as far as the
situation between these different services is
concerned. A receiving or transmitting an-
tenna properly grounded will “leak” off a
charge gradually to ground, preventing the
accumulation of voltage that might cause
a disruptive discharge with danger to life
and property. An antenna is a protection,
not a hazard.

You may construct your station for tele-
graph work in any of the following wave-
length bands:

Amateur Corresponding Kilocycles
Wavelengths frequencies width of
for telegraphy (Kilocycles) each band
J477— 7496 401,000—400,000 1,000
469 — b5.36 64,000— 56,000 8,000
187 — 214 16,000— 14,000 2,000
37.6 — 428 8,000— 7,000 1.000
5.0 — 85.7 4.000— 3,600 500

150.0 —200.0 2,000— 1,500 500

The four last mentioned wavelength bands
have proved most useful in carrying on
actual communication over great distances.
The purpose of the Government in assign-
ing many wavelength bands to amateurs
is to give the amateur the freedom which
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has always been his due. Thus the
knowledge of the behavior of the shorter
wavelengths incidental to actual communi-
cation can be developed most fully. The
experimenter is most interested in the two
first mentioned wavelength bands about
which least is known.

The five-meter band is the ‘“widest” as
shown in the above table. From the stand-
point of interference between short-wave
stations, most stations should be operating
on the lower wavelengths.

The different degrees of usefulness of the
different bands cause the distribution of
operating stations to vary widely from the
ideal case from the interference standpoint.
The 20-meter and 40-meter wavelengths
have proved most useful for daylight work
over long distances. At night many records
have been made using 80-meter and 150-
meter wavelengths. Using the shorter waves,
there is often difficulty in talking with sta-
tions within three or four hundred miles
while greater distances than this and also
very short distances of ten or twelve miles
can be covered with ease. In summer, trans-
continental and foreign daylight work is
best accomplished using 20 meters; 40
meters scems best for the same purpose at
night. In winter 80 meters is usually used
at night for such distances. 150-meter and
200-meter wavelengths are good at night for
almost any distance up to 3000 miles. They
also have the advantage of being best for
working with stations one or two hundred
miles away. Probably the 75-85 meter
band is best to use in transmitting when
getting started, although there are lots of
good things to listen to on other wave-

lengths.
Request application blanks (Form 756
and 757) and information from the

nearest Supervisor of Radio. The country
is divided by the Department of Commerce
into nine Inspection Districts. The ad-
dresses and territories of the different
Supervisors follow:

First District: Maine, New Hampshire,
Vermont, Massachusetts, Rhode Island and
Connecticut. Address, Supervisor of Radio,
Customhouse, Boston, Mass.

Second District: New York (county of
New York, Staten Island, Long Island, and
the counties on the Hudson River to and in-
cluding Schenectady, Albany, and Rens-
selaer) and New Jersev (counties of Ber-
gen, Passaic, Essex, Union, Middlesex, Mon-
mouth, Hudson and Ocean). Address
Supervisor of Radio, Customhouse, Federal
Building, Wall, Pine and Nassau Sts., New
York City.

Third District: New Jersey (all coun-
ties not included in second district), Penn-
sylvania (counties of Philadelphia, Dela-
ware, all counties south of the Blue Moun-
tains, and Franklin County), Delaware,
Maryland, Virginia, and the District of



18 THE RADIO AMATEUR’S HANDBOOK

Columbia. Address Supervisor of Radio,
Customhouse, Baltimore, Maryland.

Fourth District: Tennessee, North Caro-
lina, South Carolina, Georgia, Florida and
the Territory of Porto Rico. Address
Supervisor of Radio, Room 524, Post Office
Bldg., Atlanta, Georgia.

Fifth District: Alabama, Mississippi,
Louisiana, Texas, Arkansas, Oklahoma and
New Mexico. Address Supervisor of Radio,
Customhouse, New Orleans, La.

Sixth District: California, Nevada,
Utah, Arizona and the Territory of Hawalii.
Address Supervisor of Radio, Customhouse,
San Francisco, Cal.

Seventh District: Oregon, Washington,
Idaho, Montana, Wyoming and the Territory
of Alaska. Address Supervisor of Radio,
Room 2301, L. C. Smith Bldg., Seattle, Wash-
ington.

Eighth District: New York (all coun-

ties not included in the second district).
Pennsylvania (all counties not included in
the third district), West Virginia, Ohio and
Lower Peninsula of Michigan. Address
Radio Supervisor, Room 405, Federal Build-
ing, Detroit, Mich.

Ninth District: Indiana, Illinois, Wis-
consin, Michigan (upper peninsula), Min-
nesota, Kentucky, Missouri, Kansas, Colo-
rado, Iowa, Nebraska, South Dakota and
North Dakota. Address Supervisor of
Radio, Federal Building, Chicago, Ill.

When you receive the application blanks
fill them out completely, answer all the ques-
tions and return the papers to the Radio
Supervisor. If you pass the examination
you will receive your license wunsigned.
Then take the license to a Notary Public.
Execute the oath of secrecy of messages
and return the licenses to the Supervisor,
v;lho will send them back to you after signing
them.



CHAPTER III
Fundamentals

lem of economically building a sta-

tion and getting it working we should

step aside just a moment to get some
idea of how radio signals can be sent and
received.

To understand fully all the things that
happen in the process of sending and receiv-
ing radio impulses we ought to know some-
thing about electricity and the physical
laws of electricity and magnetism that de-
termine its behavior as we understand it.
The books described and recommended in
the appendix will cover the ground very
well on this subject. However, we are go-
ing to mention some elementary principles
that will help in getting a picture of what
happens. A thorough groundwork of funda-
mental knowledge can be gained through
consistent reading and through experience
in handling apparatus.

B EFORE we go on to study the prob-

ELECTRICITY

Almost everyone has rubbed a cat’s fur
and noticed the little sparks in it that can
be seen in the dark. “Frictional” electricity
is present. Sometimes lightning discharges
take place between two clouds or between
clouds and earth. This is another example
of the liberation of “static” electricity
which is manufactured by wind friction
under certain temperature conditions.

We use electric lights, electric heaters,
telephones, flashlights, street cars and
motors and know that the mysterious agent
that has been harnessed is “electricity.”
Sometimes we call this “current” electricity,
as distinct from the other kind of electricity.
Current electricity always manifests itself
by heating effects and magnetic effects. All
that is known about electricity is known by
its effect when it is used in certain ways.

Every substance is made of mixtures or
chemical combinations of different elements.
Any chemical combination can be divided
and redivided into smaller particles of the
same chemical make-up. The chemist calls
the smallest possible piece of any one such
substance a “molecule”. Molecules are in
turn made of atoms of chemical elements.
The atom of hydrogen, copper or carbon,
combines with atoms of sulphur or chlorine
to make “molecules” of different compounds
which the chemist names approprlately
These atoms themselves are made of still
smaller particles called electrons, which are
of exceedingly small mass and size. The

electron is negative electricity. A positive
nucleous (center), surrounded by a group
of electrons, makes up the “atom” or
smallest particle of every element. So every
substance is made up of millions on millions
of electrons. The electron itself can be con-
sidered the smallest possible quantity of
negative electricity.

THE ELECTRIC CURRENT

The everyday uses of ‘“current electricity”
we have mentioned. A free flow of electrons
in any body constitutes an electric current.
When the electrons in a body flow readily
we say the body is a “conductor.” If they
do not flow quite so readily we say that
the substance offers more “resistance” to
the electric current. If the electrons hard-
ly flow at all we say the body is an “in-
sulator.”

The “resistance” of most substances
varies somewhat with temperature. Some-
times the variation is so great that a body
ordinarily considered an insulator becomes
a conductor at high temperatures. The
“resistance” of metals usually increases
with temperature. The resistance of liquids
and of carbon is decreased with increas-
ing temperature. Copper, silver and most
metals are relatively good conductors of
electricity while such substances as dry
glass, mica, rubber, dry wood, porcelain,
shellac and gutta percha are good insula-
tors.

MAKING CURRENT ELECTRICITY

The ordinary electric cell and the electric
generator are the sources of all our electric
current. The electric cell may take the form
of a so-called dry cell; it may be a wet cell;
it may be a storage cell. In any case the
source of current is a chemical source.
In the first two forms mentioned the
chemical action of the fluid (there is such
a fluid in even the “dry” cell) tears down the
structure of one of the elements or “poles”
of the cell to supply the electric energy cur-
rent. In the storage cell the chemical
change is reversible and the cell can be “re-
charged.” The heating, chemical and mag-
netic effects of the electric current have
been briefly mentioned. These effects are re-
versible ones, too. The electric generator
has wires moving through a magnetic field
which can generate the electric current that
we are talking about,
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SERIES AND PARALLEL CONNECTIONS,
E.M.F., CURRENT FLOW

A number of cells or generators grouped
together as a source are termed a “battery.”
By connecting a number of cells together
a more powerful current source is obtained
than can be made by a single cell. Any
high school physies book will explain about
the different kinds of electric batteries.
Certain chemical solutions and elements are
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tive terminal of the battery. The electric
current is a “current flow” away from the
positive terminal. The diagram shows what
is intended. Only because the electron
theory had not been advanced when the
conventional definition of positive and nega-
tive was made do we need to make this
distinction. The current flows in the same
direction through every part of the circuit.
If we examine conditions inside the dry
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RESISTANCES CONNECTED IN SERIES, PARALLEL,AND SERIES-

PARALLEL

best suited for making cells for certain jobs.
Electric cells and in fact all pieces of electri-
cal apparatus may be connected in “series”
“parallel” or “series-parallel” depending
on which way is best for a given purpose.
In any electric cell, there are two different
chemical elements in a solution. Depending
on the choice of elements and solution a cer-
tain electromotive force will be developed
and maintained. One terminal will always
be positive (+) while the other terminal
will always be negative (—) with respect to
it. When the two terminals are connected
by a wire or conductor an electric current
flows.
In the cxrcuxt external to a battery the
“current” is said to flow from positive to
negative. The electrons on the other hand

< Movement of electrons
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are said to flow from the negative pole of the
battery to the positive. Thus we must always
think of the flow of negatively charged par-

cells shown in the diagram we find the
flow just opposite from the directions in-
dicated for the external circuit. When the
key is closed the electric current flows
around the external circuit from positive
to negative. When the key is open there
is an insulating medium or non-conductor
between its contacts. No current of any
consequence can flow. We speak of the
conditions with the key closed as “closed
circuit” conditions. When the key or any
part of the circuit is open or broken we
speak of the conditions as “open circuit”
conditions.

When a steady current flows in any
electric circuit, the size or amplitude of the
current is determined by the electromotive
force in the circuit and the resistance of the
circuit. The relations that determine just
what current flows are known as Ohm's
Law. In order that we may speak con-
veniently of electiical pressure, current and
resistance, certain units of measure are
used. The commonly accepted unit of cur-
rent is the ampere. The unit of electro-
motive force or electrical pressure is the
volt. The unit of resistance is the ohm.
When one volt (e.m.f.) is applied in a
circuit having one ohm resistance, a current
of one ampere will flow.

When I is the current in amperes, E is
the electromotive force in volts and R is
the circuit resistance in ohms. A simple

ticles as an “electron flow” toward the posi- formula expresses Ohm’s law:



FUNDAMENTALS 21

E=RI

I= —

I R

The resistance of the whole circuit can be
found by dividing the voltage by the cur-
rent. The current can be found by dividing
the voltage by the resistance. The e.m.f. ig
equal to the product of the resistance and
current flowing. It is at once evident that
if any two of the quantities are known, the
other may be found by applying the formula.

A good analogy can be made by consider-
ing for a moment some fluid acting in a

%gv’:;lfuiefdmt/a/) Resistor

HKey

Three drycells
connected in series Ammeter

(70 measure the current)
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C - MECHANICAL ANALOGY

THE ELECTRIC CIRCUIT AND
MEASURING INSTRUMENTS

mechanical circuit. In Figure 1C the pump
has a similar function to that of the battery.

A shut-off valve controls the current flow
in the pipe similarly to that of the key in
the electric circuit. The walls of the pipe
offer “resistance” to the flow of fluid just as
the atomic structure of the connecting wires
and resistor hold back the flow of electric
current in the electric circuit. A water
pressure meter and a “rate-of-flow” meter
have the same uses in such a circuit that
the voltmeter and ammeter have in measur-
ing the electrical pressure and rate of cur-
rent flow in the electric circuit.

The higher the “pressure” the more fluid
will flow around the pipe. The smaller
the pipe the greater its “resistance” and
the less current will be permitted to flow.

USING OHM’S LAW

Every part of an electric circuit has some
resistance. We have shown how cells can be
connected in series, how resistances can be
connected in series. Different electrical in-
struments can be connected in series in the
electric circuit. In the diagram on the next
page, the tubes, the rheostat, and the three
cells of the storage battery make up the
series circuit. The two vacuum tubes are
connected in parallel, but they are in series
with respect to the rest of the circuit. The
rheostat is a variable resistance and is used
to change the current flowing in the cir-
cuit by changing a part of the resistance of
the whole circuit and therefore in effect
changing the whole resistance which is the
sum of all the parts. The rheostat has
part of the circuit resistance, the exact value
depending on the position of the rheostat
arm and the amount of resistance wire
that it includes in the circuit. The storage
cells themselves have some “internal” re-
sistance, depending on their condition. The
filaments have a resistance depending on
the temperature. This in turn depends on
the current through the tubes. The lead
wires in the circuit also have resistance.
Sometimes certain resistances are so small
that they can be neglected for practical
computations. If the lead wires are of cop-
per and have a large cross-sectional area
(the kind of wire and the size wire used de-
termine the “conductivity” [mhos] which
is the reciprocal of the resistance in such
a circuit) their resistance is so small that
we need not consider it. If dry cells are
used, their resistance may be neglected if
they are new. Storage cells always have
a very low internal resistance if they are
cared for and kept charged.

VOLTAGE DROPS

When current flows through a resistance
we have what is called a “voltage drop”
across the resistance. The voltage drop is
always equal to the voltage which causes
the current to flow through the resistance.
The voltage drop across the filament of a
vacuum tube can always be found by Ohm’s
Law and is the “resistance” (of the filament)
times the current flowing through it. The
sum of all the voltage drops across the
various pieces of apparatus in a series
circuit is always equal to the voltage of the
source (or the sum of the voltages in the
circuit if there be more than one source).
This law is known as Kirchoff’s Law. So
the combined voltage drop across the rheo-
stat and the paralleled filaments will be al-
ways equal to the voltage of the storage
battery (six volts).

Keeping these relations in mind we can
find the resistance of any part of the circuit.
For example, we have a detector and one
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stage audio amplifier (standard equipment
for amateur code work) using two UX-201-
A tubes. What resistance (Rx) should we
connect in the circuit to use a six-volt
battery with this outfit?

On the box in which the tube came we
find that the manufacturers specify a
terminal voltage of 5 volts and a filament
current of .25 (1) ampere for each tube.
This then will be the voltage drop or term-
inal voltage of the tube under operating con-
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SERIES-PARALLEL CONNECTION SHOWING HOW TO SOLVE FOR THE TOTAL RESISTANCE
IN THE CIRCUIT

vided by %4 or 20 ochms. When two tubes
are connected in parallel the resistance of
the combination is:

R= < J R, Rz
+

_ _ 20x20
R, QIz R, *+ R,

= 20+20

=10 ohms

Now we can check the accuracy of our
problem solution by using our answers
and the e.m.f. in the circuit and solving for
the current.

UX 201A fubes:

R= R +R, *R*R, +_/—/‘_

iy ot ; R"f;{
lecting R, Rz, and R3
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ditions. We have two tubes each requiring
.25 amperes so our storage battery will have
to supply 2 x .25 or .5 (%) ampere. If pos-
sible, always find the current and voltage
(or the effective resistance) of the portions
of the circuit in parallel before trying to
find out about the series branches of the cir-
cuit.

Because the summation of the voltage
drops equals the voltage of the source, the
drop across the rhostat equals 6 volts
minus 5 volts or 1 volt. We have assumed
that the drops in the battery and leads are
negligible, which is nearly true.

Now we know two things about the rheo-

stat. The voltage drop across it must be 1
volt. The current through it is .5 ampere.
By Ohm’s Law the resistance is:
E 1
R= — = — = 2 ohms.
I %

The usual 0-6 ohm rheostat will give
ample variation and should be chosen for
this purpose.

The resistance of the filament under any
operating conditions can be determined by
Ohm’s Law or from facts about the tube
supplied by the manufacturer. A five-volt
tube which takes a filament current of one-
fourth ampere has a resistance of 5 di-

[=L£_ _evolts _

/
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R=combined resistance of tubesplus
resistance of rheostat at proper setting

The heating effect of the electric current
is caused by the friction of the electricity
flowing through the wire. The higher the
resistance the more heat will be generated
for a given length of time (seconds) and
for a given amount of current and the
greater will be the power loss or power
spent in making heat. .

E

=I'R =EI = —
R

Power (watts)

Heat (British Thermal Units)
=I*RT (9.5 x 10%)

If the current in a resistor and the re-
sistance value is known we can readily find
the power that is used. If the voltage drop
across a resistance and the current through
it are known we can determine the resist-
ance value and also the power used, which
is always equal to the product of volts and
amperes.

Maximum power is spent in heating when
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the load resistance equals the internal re-
sistance of battery or generator.
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Magnetic effects are always present when
a current flows in a circuit. Lines of mag-
netic force or influence surround the cur-
rent carrying conductors. When a conductor
is wound into a coil of many turns the mag-
netic field becomes stronger because there
are more lines. The laws of the magnetic
circuit are similar to those of the electric
circuit but we do not use them as often
in elementary work. The magnetic force is
spoken of in terms of magnetomotive force
(m.m.f.) which depends on the number of
turns of wire, the size of the coil, and the
amount of current flowing in the coil. If
ten amperes flow in one turn of wire the
magnetizing effect is 10 ampere-turns. If
one ampere flows 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”
current or flux (P) will be present. Just as
the resistance of the wire determines what
current will flow in the electric circuit, the
reluctance (u) of the magnetic circuit de-

pending on length, area and material acts
similarly in the magnetic circuit.

in the electric circuit so

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
held about the coil through which current
is passing. When there is an iron core the
increased magnetic force and the concentra-
tion of the field about the iron is readily
discernible.

Permeability is the ratio between the flux
density produced 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
permeability than air. Iron has quite high
permeability and is comparatively inex-
pensive and is therefore very commonly
used in magnetic circuits of electrical de-
vices.

The permeability of iron varies a lot
depending on the treatment it is given dur-
ing manufacture. Soft iron has low per-
meability. The molecules readily turn end
to end when current flows around a soft
iron bar and we have a magnet. When the
circuit is broken and the current does not
flow, the molecules again assume their hit-
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HOW PERMANENT MAGNETS ARE MADE

or-miss positions. Little or no magnetic ef-
fect 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. Per-
manent magnets lose their magnetism only
when subjected to a reversed m.m.f., when
heated very hot or when jarred violently.
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The direction of the magnetic field can be
found by what is called the right-hand rule.
Grasp the wire in the right hand with the
fingers around it and the thumb pointing
along the conductor in the direction in which

Direction of Magnetic
7~ Fleld
Direction of
Current
Ll U -

the current is flowing. The fingers then
point in the direction of the magnetic field.

ALTERNATING CURRENT

Thus far we have considered current
electricity as a flow of electrons in one di-
rection around a circuit. This sort of a cur-
rent is known as “direct” current (D. C.).
In many applications to-day we have to
think about “alternating” current (A. C.).
Instead of a unidirectional current in the
circuit, the current that flows goes first in
one direction and then in the other. Instead
of having a pump (dynamo with commuta-
tor) to make the water flow in one direc-
tion in a pipe, we now have a double-acting
pump and the water (electrons) flow first
in one direction and then in the other. The
speed of the reversals depends on the time
in which the pump acts in each direction
before reversing. In an alternating current
generator the number of field poles and the
speed of rotation determine the number of
alternations or reversals in current that
take place in one second. A complete cycle
has two alternations or reversals of current.
The diagram shows the way in which a ro-
tating coil cuts a magnetic field, and the
changes in the direction of the current with
time are indicated by the second part of the
diagram, as well as the amplitude or size of
current flow during different parts of the
cycle.

We shall be much concerned with alter-
nating currents, as all radio work is based
on them. The number of cycles that takes
place each second is called the “frequency”
of an alternating current. Power circuits
ordinarily use 25-cycle current. Electric
lighting circuits are usually 60-cycle cir-
cuits. Ship radio generators are often
wound for 500-cycle operation. Radio
transmission circuits require energy at fre-
quencies of 15,000 to several millions of
cycles per second. These higher frequencies
can be produced in several ways. We are
concerned with the equipment that is neces-
sary. High frequency alternators and

“arc” sets can best be used to produce the
lower radio frequencies. “Spark” trans-
mitters have been in use for years for ship-
shore communication. “Vacuum tube” trans-
mitters are most efficient and inexpensive
of all. They are widely used today for all
sorts of radio services. The older equip-
ment is interesting but we shall study the
tube transmitter mainly.

INDUCTION

When current passes through a coil it sets
up a magnetic field around the coil. The
strength of this field varies as the current
varies. Conversely, if a field of varying
strength passes through a coil an electro-
motiveforce is induced in the coil. If a
permanent magnet is thrust in and out of a
coil a voltage is induced in the coil. The
time rate of cutting flux determines the
value of the induced voltage.

This principle is utilized in large direct-
current and alternating-current generators,

ColleclororBrush

2'/.{  resting on Shp Ring
Ormection of rotation
a2 miform rate o speed x|

valves of current
and w/itage (r.m.5. = 707 of
max.valve of sine wave,)

Curn

le— 90°—»{

AMPLITUDE
3

\F’/

SIMPLE ALTERNATOR CIRCUIT
On shois instant. valves of current and voltage
wilh efectriar! degrees of cai rotation. — there are séo elec-
lrical degrees for every pair of poles so that ane complete
chanical revalution may corréspond to more than ane elve-
Lrical revalution.

in transformers and in all sorts of electric
motors and rotating electrical machinery.
In generators and motors, magnets (or field
poles) set up an electrical field which links
conductors (armature coils). The rela-
tive motion of the field poles and the arma-
ture determines the rate of cutting flux and
the voltage that is induced. In trans-
formers the parts are stationary but the
flux is alternating or changing in value
and direction. The value of the induced
voltage depends on the rate at which the
magnetic field changes and on the number
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of turns in the coils. Changes in flux fol-
low changes in current directly. All coils
have that property known as “self-induct-
ance”, or electrical inertia. A decreasing
current causes a decreasing flux. The de-
creasing flux induces an E.M.F. in the coil
which tends to prevent any further de-
crease in current. The direction of the
induced voltage always tends to prevent the
change of current which makes the induced
voltage. When changing flux links other
coils which are near the coil in which a vary-
ing current flows, a voltage is set up in each
coil, the value depending on the rate of
change of the flux linking each coil and on
the turns in the respective coils. The in-
duction between coils is known as “mutual”
induction.

Energy is stored in the magnetic field
which surrounds a current-carrying coil.

Inductance is measured in “henries”. This
property of a coil depends on its number
of turns, the diameter of the coil, and on
the permeability of the magnetic material of
the core. In 25-cycle and 60-cycle work an
iron path is usually provided for the flux.
The permeability of iron is much greater
than that of air at these frequencies. All
iron and steel shows a “magnetic lag”. The
flux in the iron lags somewhat behind the
current producing it. This phenomenon is
known as “magnetic hysteresis”. When the
magnetizing force (H) is increased, the
flux density (B) increases very rapidly at
first if an iron core is used. However, for
large values of magnetizing force, the in-
tensity of magnetization becomes constant
and the magnetic substance is said to have
become “saturated”. A further increase in
flux density (B) can only be made by a dis-
nroportionate increase in magnetizing force
(H). In radio-frequency circuits, iron in-
troduces a hysteresis loss. The hicgher the
frequency the lower the permissible flux
density. The iron cannot follow the rapid
changes in flux. It is worthless at the
higher radio frequencies.

FIXED AND VARIABLE INDUCTANCE

Coils used in radio circuits are made hav-
ing either fixed or variable inductance
values. Fixed coils have a fixed self-induct-
ance (L). Sometimes two coils are arranged
in series so that they may be rotated with
respect to each other. When the fields add,
the mutual inductance of the combination
(2M) can be added to the self-inductance of
each of the coils. @ When the fields are
opposed, the mutual inductance (2M) is sub-
tracted from the self-inductance of the two
coils. When the fields of the coils are at
right angles, the mutual inductance is zero
and the inductance of the combination is
the sum of the inductances of the two coils.
This arrangement is commonly known as a
variometer.

CAPACITANCE AND CONDENSERS

The property of a dielectric between two
conductors that makes it possible for the
combination to become charged is known
as capacitance. Coils have inductance;
condensers have capacitance. Usually a
number of metal plates of large area are
separated by air, mica, glass or some other
dielectric. The capacitance of a condenser
depends on the number of the plates, the
area of the plates, the distance by which
they are separated and the material of the
dielectric.

The “electric field”, sometimes called the
“electrostatic” field of the condenser, is con-
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centrated mostly in the space between the
plates. When the plates are connected to
a direct current source, a heavy current
flows for an instant, and decreases to zero.
The condenser is said to be “charged” and if
the dielectric is good, it will hold the charge
for some time. If the current source is
taken away and a wire connected across the
plates, the condenser will discharge through
the wire. A large condenser charged with
several hundred volts will give a visible
spark and discharge with a crash. It will
also cruelly “jolt”” one who plays thought-
lessly with its terminals.

Energy is stored in the electric field of a
condenser just as it is stored in the mag-
netic field of a coil. The energy in the
field of a coil or condenser is potential
energy. Water stored in a tank high
above the earth has potential energy due to
its position with respect to the center of
the earth.

Capacitances can be connected in series or
in parallel like resistances or inductances.
However, connecting condensers in parallel
makes the total capacitance greater. In the
case of resistance and inductance, the value
is lessened by making a parallel con-
nection.

DISTRIBUTED INDUCTANCE. CAPACITANCE
AND RESISTANCE

Thus far, we have considered three
properties of electrical circuits and ap-
paratus. Coils, condensers and resistors

-
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are all built to have as much of one of
these properties as possible without hav-
ing a great deal of the other two. These
“lumped” properties can be connected in a
circuit to produce a certain effect on the
current and voltage distribution. Con-
densers will not permit the passage of a
steady direct current. Radio frequency
impulses act readily through a condenser,
however. Choke coils and large inductance
coils tend to prevent rapid changes in cur-
rent. Radio frequency impulses do not act
through properly built coils. Direct or con-
tinuous current, however, flows unhindered
by the inductance of coils.

In every sort of coil or condenser and in
every electrical circuit, we find not the one
property for which the instrument was built
but a combination of all the electrical
properties we have mentioned. Most de-
sign work is a compromise, to approach
nearest the ideal results we have in mind.
Every coil and transformer winding has
resistance and distributed capacitance be-
tween the turns as well as the inductance
that makes it a useful device. Every con-
denser has resistance losses also. Power
lines, telephone circuits, cables and radio
antennas all have distributed inductance,
capacltance, and resistance throughout their
entire length. Lumped values are intro-
duced at intervals and at the terminals to
produce certain effects. The distributed
plroperties have to be carefully considered
also.

OHM’'S LAW FOR ALTERNATING CURRENT

Alternating current behaves much the
same way as direct current in circuits that
contain resistance only. However, its be-
havior is somewhat changed by the ad-
dition of capacitance and inductance to a
circuit.

We have mentioned the fact that the rise
of current in a circuit containing induct-
ance was somewhat delayed, that the in-
ductance had the effect of electrical inertia.
The effect of a lot of inductance is to tend
to prevent any increase or decrease of cur-
rent in the circuit. It is also true that cur-
rent must flow into the plates of a con-
denser before any potential difference can
exist between its plates. Because of these
facts, we say that the current “lags” be-
hind the voltage in a circuit which has much
inductance and that the current “leads” the
voltage in a circuit where capacitance pre-
dominates.

In a direct current circuit, containing
either inductance or capacitance, the cur-
rent increases to a maximum value or de-
creases to zero as the case may be, com-
ing to a constant rate of flow after a few
moments. In an alternating current cir-
cuit, the voltage is alternating in character

as we have seen and the instantaneous
values of current and voltage are constant-
ly changing. Some curves show the am-
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plitude-time relations of current and volt-
age in circuits where there is (a) resistance
(b) inductance (c) capacitance.
Ohm’s Law for alternating currents:
E
] = — = —
1
In an alternating current circuit, the cur-
rent flow is determined by the voltage of the
source and by the resistance (R) and re-
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THE IMPEDANCE TRIANGLE
(showing relations between impedance and,
its components, reactance and resistance )

actance (X) of the different parts (i.e., the
impedance Z) of the circuit. R, X, and Z
are expressed in ohms.

Sometimes it is useful to show the rela-
tions between R, X and Z in a vector dia-
gram. The length of the lines in such a dia-
gram can be made to represent the size or
magnitude of the electrical quantities while
the angles between the lines can show “lead”
and “lag” in the circuit. In the impedance
triangle shown, OA can be taken as unit
radius of a circle drawn about the center O.
Distances upward represent inductive re-
actance while distances downward from O
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show capacitive reactance. Either may pre-
dominate and govern the conditions in a
circuit. X and Xc¢ are always opposite in
their effects and therefore can be sub-
tracted directly if the values are plotted to
scale.

Reactance is a property which we have
not discussed before. Reactance is a
property of a coil or condenser. It is that
property depending on the frequency and
inductance (or capacity) which determines
the behavior of the coil (or condenser) in
limiting the current that flows when an
alternating voltage is applied. The re-
actance is but one component of the im-
pedance. The inductive reactance of a coil
is meant by the symbol Xt; the capacitive
reactance of a condenser is meant by the
symbol Xec. Some resistance is also always
present in electrical circuits and must be
taken into consideration.

We have spoken of “lead” and “lag”. The
relations of the voltage drops caused by re-
sistance, inductive or capacltlve reactance,
and impedance can be shown in a diagram
and will help in understanding these terms
better.

Alternating voltages and currents have
thus far been shown on a magnitude-time
chart. The values of amplitude are shown
from instant to instant throughout the
whole cycle (a complete cycle is 360
electrical degrees of rotation). A vector
diagram can be used to show the angular
relations and magnltudes at a glven instant.
In a series circuit, the current is the same
through each piece of apparatus. In a
parallel circuit the voltage of the source is
common to each bit of apparatus connected
in the circuit. Either a current vector or
a voltage vector may be taken as a
reference vector, depending on the particu-
lar circuit we are talking about.

The diagram shows a circuit containing
resistance. inductance and capacitance in
series. The vector (I) is the reference
vector showing the current flowing in such
a circuit. There is a “voltage dron” across
each part of the circuit just as in the case of
a direct current circuit. The algebraic sum
of all the voltage drops around the circuit is
equal to the voltage of the source. In an
alternating current circuit some of the volt-
age drops may be positive and others may
be negative. The voltage (E=RI) is
effective in causing current to flow throueh
the resistance of the circuit. It is “in
phase” withthe current. The voltage (E =
IX,) is effective in overcoming the induct-
ance of the coil. Tt is 90° ahead of the cur-
rent vector, for the current in a coil lans
the voltage. and when the coil has pure in-
ductance the angle is 90°. The voltage
(Ee—=IX°) causes current to flow in and out
of the condenser plates. It is 90° behind
the current vector, for the current in a con-
denser leads the voltage. Right away one

can see that voltages across coils and con-
denser in the circuit are about 180° out
of phase. When they are equal in ampli-
tude and exactly opposite in phase, the con-
dition known as electrical “resonance” ob-
tains. The current in the circuit is “in
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phase” with the voltage. Its value is de-
termined only by the resistance of the c1r-
cuit. This is called ‘“series resonance” or
“voltage resonance”. Sometimes the volt-
ages across the condenser and coil in a cir-
cuit like this build up to values much higher
than that of the voltage source. Then they
become dangerous to both life and equip-
ment, In a vector diagram where size and
angle are correctly shown, the “in-phase”,
“leading” and “lagging” components of the
voltage can be separated. The leading and
lagging components are 180° apart. Sub-
tractiongivesthe “effective” reaction vector.
Combining this with the “in-phase” vector by
the old law of triangles that “the square of
the hypotenuse equals the sum of the
squares of the other two sides” we can find
the “impedance drop” which is the diagonal
of the impedance triangle.
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In the second diagram a circuit with re-
sistors, coils, and condensers in parallel is
shown. The voltage impressed on each de-
vice is common to all devices in the circuit.
The current in each of the three paths is

@L? =] E

Resistor J Condenser {” ’r‘m:/brmer)

A}
PICTURE DIAGRAM

/nduclor
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PARALLEL ALTERNATING CURRENT CIRCUIT

determined by the applied voltage and the
“resistance” or “reactance” of the path we
are considering. In the condenser branch,
the current will “lead” the applied voltage;
in the coil branch, the current will “lag”
the applied voltage; and in the resistance
the current will be in phase with the ap-
plied voltage. If the current in the coil and
that in the condenser happen to be of the
same value, the current supplied by the al-
ternator will be the same as that taken by
the resistance alone. A much higher cur-
rent will be present in the leads between the
condenser and coil. This condition is known
as “parallel” or ‘“‘current” resonance.

If we know the values of inductance, ca-
pacitance and the frequency, we can always
figure out the “reactance” and find the cur-
rent that will flow in the coil or condenser
when a certain voltage is applied. If re-
sistance, inductance and capacity are all
present, they must all be considered in the
proper relation. Complicated net works
are hard to solve but usually we can divide
the circuit into sections and treat each one
independently.

When the resistance of a device is small
in proportion to its inductance we can
neglect the resistance and simplify calcula-
tion. Suppose we want to connect some con-

densers across a high-voltage plate trans-
former to protect the transformer wind-
ing from voltages that might build up if
high frequency currents leaked back thru
the R. F. choke and filter (unlikely but pos-
sible). The higher the frequency is, the
lower the “reactance” of any condenser. We
know that a small condenser will probably
do. We find that a 2000-volt 2-microfarad
filter condenser is available. The trans-
former is a small one and it is possible
that the secondary cannot even furnish the
current that this condenser will take with-
out overheating.

The plate transformer has a ratio of 10:1
and delivers 1100 volts (effective value)
when run normally.

Xe=1+2xfC=1/6.28x60x 2x 10-8—=
132800 ohms at 60 cycles.

E 1100

] = — =
Xe

= .0083 amperes =
132,800
8.3 m.a.

The transformer is rated at 100 watts
(VA) which means that it will deliver

W 100
=—=——=91.1m. a.
E 1100

The transformer output
rectifier thru 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 UX-210 tubes. There is a consider-
able 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 further drop the voltage so our
tube will operate normally with about 400
D.C. volts in its plate circuit.

Each tube takes 45 milliamperes. 2 x 45
=90 M.A. which the set takes when correct-
Iv adjusted. The 2-mfd condenser across
our transformer takes a “leading” 60-cycle

oes to a tube

current of 8.3 M.A. (assuming a perfect con-
denser with no losses). There are filter con-
densers across the high voltage line but
they are across RECTIFIED D.C., and do
not affect the transformer current in quite
the same way. Assuming that the trans-
mitter operates at nearly unity power
factor (current in phase with the voltage)
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the resultant current taken by the trans-
mitter AND condenser will be 90.35 M.A.

I=V(IP#(k)? =V30*+83* =Y8i69 =9035ma.

So our transformer will operate at about
full load with the condenser aund trans-
mitter load connected continuously. Trans-
formers can be operated intermittently at
150% of rated load without much danger.
Before connecting many different kinds of
loads to a transformer we should figure
out about what is going to happen. Suit-
able protective fuses should be installed.

POWER AND POWER FACTOR

In a direct current circuit the power
equals the product of volts and amperes.
(P=EI) In an A.C. circuit the instantan-
eous power equals the voltage times the
“in-phase” current. P=E (I cos ®).

We have mentioned the “leading” and
“lagging” currents that flow electrically
“ahead” of or “behind” the voltage. The

Lsine ¢~

Y I
b4 |
el 3

)
lesg
IN THE VECTOR DIAGRAM I COS IS THE “IN

PHASE” COMPONENT AND I SIN & IS THE
“QUADRATURE” COMPONENT
The origin of vectors should be labelled 0. Current
and voltage vectors are shown with a full arrowhead
while the components of the current have the half
arrowhead.

angle between the current and voltage is
called the “phase” angle (®). The cosine
of this angle is the “power factor”. In the
diagram the current (OI) is shown leading
the voltage (OE) by the angle (®). The
cosine (in-phase component of the current)
is OJc. The sine or 90° out-of-phase com-

ponent of the current is I sine ® in the
diagram. This is sometimes known as the
quadrature or the “wattless” component of
the current. I cos ® =1 Any trig-
onometry text has tables of sines and cosines
of different angles. Strictly speaking the

Olc
cosine is the ratio — .0l is taken as unity
I

radius for the semicircle so the cosine can
be expressed as Ol¢, some fraction of unity.
The power factor is the ratio of the actual
power dissipated in a circuit (watts) to the
volt-amperes (combined power and wattless
power.) The volt-ampere rating of a cir-
cuit is often known as the “apparent” power.

PHASE DIFFERENCE OF A CONDENSER

The angle between voltage and current
in a good condenser is nearly 90°. The
power factor of such a condenser (cos ® or
cos 90°) is almost zero.

w:90°——-®
cos & = sin ¢

Y = sin ¢ approximately (when the
angle is nearly 90°)

PF.=cos®=siny=1

Y is the angle of phase difference. It is
the angle expressing best the amount by
which the condenser falls short of being a
perfect condenser. The power losses in a
condenser are:

W=EIcos®=EIy=2afCE .

The better the dielectric of a condenser
the lower the phase difference. The power
factor of a condenser is the ratio of its

R
PF, = — =
X

resistance to its reactance.

2xf CR.

A condenser with imperfect dielectric be-
haves like a perfect condenser having a low
series or a high parallel resistance.



CHAPTER IV
How Radio Signals Are Sent and Received

HEN a pebble is thrown into a
still pond, water waves are
created which travel outward in

circles from a common point.
When a clothes line fastened to a post is
shaken vertically, waves are set up which
travel to the post and are reflected back to
the hand.

[\t

3T o

i / ) The damping”or decrease
| inamplitude /s due to molecular

! ;Z} o (/:%mgg of the particles

WAVE MOTION

Motion of Line

The waves are recurring displacements
having amplitude, length, and frequency.
They carry ener, and spread outward
from the source with a definite speed. Light
waves and sound waves represent other
forms of wave-motion. Radio waves are
similar to water waves. They differ in
velocity and frequency from other forms of
wave-motion.

The velocity of radio waves is about
300,000,000 meters (186,000 miles) per sec-
ond. There is a fixed relation between the
velocity, frequency and length of radio
waves. The velocity is constant and the
frequency or wavelength may readily be
found if either one is known.

M{g/;ere
is frequency fcycles)
f =Y yi velocity o /Jré;payat/bn(mekrf/sec)
A Assthe wavelength (melers)
Suppose we know the wavelength is 200
meters.
300,000,000
Then the frequency is ———— ==
200

1,500,000 cycles per second.

A radio wave consists of magnetic and
electric lines of force. To create a water
wave we can mechanically agitate the water.
If we simply throw a pebble into the water,
the wave will soon decrease in height, lose
energy and be damped out. If we regularly
hit the water at suitable intervals we can
keep the wave going out continuously from

the central point. To create a radio wave
we must disturb the medium in which lines
of force or radio waves can be set up. This
hypothetical medium is usually referred to
as the ether. A high-frequency electric
current (radio frequency to-and-fro move-
ment of electrons) is necessary for the pro-
duction of radio waves. If this current is
damped out, the radio wave will also
diminish to zero value. Magnetic and elec-
tric lines of force go through the same
variations as the current that sets them up.
If we continually supply energy to keep the
electrons in motion, a continuous wave (CW)
will be sent out.

We are concerned with the manner of
creating this high frequency energy. The
apparatus used is of particular interest to
us. The lower radio frequencies can be
produced by rotating machinery (Alexander-
son alternator). Resonant circuits having
a natural period or frequency are made use
of in converting ordinary direct current to
high frequency current. In practice, the
electric are, the spark gap and the vacuum
tube have all been used with resonant cir-
cuits for this purpose.

OSCILLATIONS

If we put a weight on a spring and release
it, the weight bobs up and down for several
minutes. The weight has inertia; the
spring has elasticity. Coils have inductance
or “electrical inertia”. Condensers have
capacitance or “electrical elasticity”.
Mechanical and electrical oscillations are
very similar in most respects.

When a high voltage is free to act in a
circuit containing inductance and capacity,
the current surges back and forth in a
transient oscillatory way, just as the dis-
placed weight bobs up and down on the
spring.

TUNED CIRCUITS

In all radio work tuned circuits are used
a great deal. Radio receivers and trans-
mitters alike make use of tuned circuits.
“Tuning” a transmitter simply means chang-
ing the values of inductance and capacitance
so that the “resonant” frequency of the cir-
cuit is the desired value. A transmitter is
usually tuned to one wavelength (fre-
quency) and the circuit adjusted for maxi-
mum effectiveness. If more than one wave-
length is used, the adjusting is carefully
done for each. The position of clips and
condensers should be marked so that a
change can be quickly made.
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“Tuning” a receiver simply refers to the
changing of the variable element (usually
capacitance, but which may be either in-
ductance or capacitance) to change the re-
ceived wavelength.

A tube circuit may be adjusted for either
maximum effectiveness or maximum effi-
ciency or both if the controls of power sup-
ply and coil adjustment are flexible enough.

A=1885\LC

When L is the inductance in micro-
henries o

C is the capacitance in microfarads
A Is the wavelength in meters

Simple calculations can be made directly
from the formula. Knowing that inductance
usually varies as the square of the number
of “turns” (n) and as the square of the
diameter of coils (d), suppose we wish to
tap a coil to receive 40-meter signals, in-
stead of 80 meters which a circuit happens
to be working on. The coil is a Bremer-
Tully space-wound affair and we will neglect
the distributed capacitance, which is other-
wise important.

Ae< L C  (from above)

A v Vn2 7
zZC 72 =<2
or
ALY Y2 4
2 2 2 2

Then neglecting distributed capacity, if
we tap the coil in the center, the half-wave-
length signals will be received. We might
also build a coil of half the diameter, hav-
ing the same number of turns as the original
coil. The same variable condenser can be
used successfully for tuning.

DAMPING, RESISTANCE, SHARPNESS OF
TUNING

We can compare our electrical oscillations
to the mechanical oscillations of a pendulum.
Given one impulse, the number of times the
pendulum swings back and forth depends on
the medium around it. It will swing longer
in a vacuum than in air. If it is placed in
water, it will stop quickly. The work done
in overcoming molecular friction slows it to
a standstill. The “viscosity” of the water
or air is the measure of this sort of friction.
For a given impulse, the amplitude of swing
will not be so great if the motion is hindered
by some sort of friction. Loss of energy
causes “damping”. In an electrical circuit
we meet “resistance” which has much the
same effect on electrical oscillations as the
‘“viscosity” of the medium has on mechanical

oscillations. The “sharpness” of tuning and
the “amplitude” of electrical oscillations are
greatest when the “resistance” of a cireuit
containing a condenser and coil is lowest.

goratr R
ol ls

Q

5 b g 3

FREQUENCY
HOW RESISTANCE IN A CIRCUIT BROADENS TUNING

lariable.  Conderver

The diagram shows a tuned circuit which
has a variable resistance as well as a certain
amount of inductance and capacity. The
high-frequency generator G impresses a
constant voltage in the circuit. The cur-
rents that flow vary in broadness and
amplitude depending on the amount of re-
sistance in the circuit.

We get the loudest signals with a receiver
having low resistance circuits. If we are
talking with a station whose note is very
sharp and a trifle “wobbly” or if we are
tuning for someone near a certain wave-
length we can advantageously use a lumped
variable non-inductive resistance in our
tuned circuits. The note can be broadened
and made more readable without materially
decreasing its high intensity. Of course,
our circuit does not tune as “sharply”; more
interference from other stations may be
noticed; a certain station will be heard, how-
ever, even if the set is de-tuned a trifie. The
value of this arrangement depends alto-
gether on the conditions for a given case.
Add forty or fifty ohms to one of your tun-
ing circuits and observe the action we have
mentioned.

DAMPED AND UNDAMPED WAVES

When our pendulum receives but one im-
pulse to set it in vibration, the oscillations
soon die out due to damping. In radio this
damping means that the current or oscilla-
tion gradually decreases in amplitude. After
a few swings thru positive and negative
values, the circuit is electrically in a state of
rest. Then another discharge across our
spark gap will set up another group of
damped oscillations.

If energy is supplied in a series of “timed
pushes” the oscillations will rise to a maxi-
mum value and hold that value continuously.
There will be no groups of damped oscilla-
tions. The wave will be a continuous wave
(CW). The damping effect of the circuit
will influence the decaying of oscillations
when the circuit is broken as by keying.
The energy supplied by each “push” will
just make up for the amount lost thru fric-
tion (damping) and the amplitude of oscilla-
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tions will be constant. The vacuum tube is
the most common generator of continuous
oscillations.

The spark transmitter creates such a
highly damped wave as we have discussed

in the second above paragraph. A con-
/
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denser is charged to a high potential. It
(C) stores energy. When charged, the con-
denser voltage breaks down gap (G) and
oscillations take place in the LC (induct-
ance-capacitance) circuit. These are coupled
into the antenna thru the “oscillation” or
“R.F.” transformer (LL.). The resulting
electrical surges take place at the natural
frequency determined by the values of in-

T - 10,000 ¢o 42000 vo/t
Soo~ Lransformer
RFC -Chokes(for radio frequen
T
Spark
oT- arci/zlhi: vr%&w
Frequency Trans former

CIRCUIT USED IN A "SPARK * TRANSMITTER

ductance and capacity in the circuit. Just
as a pendulum has a natural rate of swing-
ing back and forth determined by its length
and weight, every circuit has such an “elec-
trical” period which depends on its induct-
ance and capacity. Unless energy is sup-
plied to electrical circuits to keep them
“oscillating”, the high-frequency currents
are soon damped out by the resistance of

the circuit just as molecular friction of the
air stops the action of the pendulum. The
escapement of a clock supplies energy from
the spring to keep the pendulum in motion.
In tube sets, the vacuum tube (like the
escapement) provides energy from the plate
supply source at the proper time intervals
if the transmitting circuits are correctly
adjusted.

THE ANTENNA

High frequency currents can produce
radio waves. If these currents are confined
to circuits containing lumped inductance and
capacitance, they are not very effective in
producing radio waves, however. An an-
tenna-ground or antenna-counterpoise cir-
cuit has distributed inductance, distributed
capacitance, and also a comparatively high
“radiation” loss. Such a circuit is often re-
ferred to as a “radiator” or “radiating
system”. The physical dimensions are
quite large and the lower the frequency the
%atl'lger they have to be to “radiate” success-
ully.

The antenna or “radiator” is built ex-
pressly for the purpose of setting up the
radio waves. Antennas have a number of
shapes. The T, the inverted L, the V, the
umbrella, and the coil or loop antenna are
common types. The last named is very
poor for most transmitting purposes but can
be used effectively with the very short waves.
Directional transmission is effected by build-
ing antennas of certain shapes. A loop
radiates most energy in both directions along
the plane of the loop. The inverted L trans-
mits best in the direction opposite from that
in which the horizontal part points. Radio
waves like other kinds of waves can be re-
flected and refracted. Suitable reflectors
make a “beam” transmitter that has marked
directional characteristics. The short an-
tennas used for high-frequency short-wave
transmission do not have any marked direc-
tional effects and we Jdo not have to worry
about these.

COUPLING

How do we get the radio frequency energy
into our antenna, does someone ask? The
energy transfer is accomplished by the use
of coupled and tuned circuits. A pendulum
has a certain natural period of swinging
back and forth. We can move the pendulum
back and forth at any rate we wish by
applying enough force. By far the greatest
response is shown when we pay attention to
the natural rate of swing and time our ap-
plication of force accordingly. If one of two
pendulums of the same natural period is set
in motion and there is a common link be-
tween them that transmits even a very tiny
bit of energy, the other pendulum will
gradually get in motion. Mechanical reson-
ance exists when the two pendulums are
tuned to the same natural rate of vibration.
The pendulums are “coupled” by the com-
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mon link which makes the energy transfer
possible.

(A) When the common link in two elec-
trical circuits is a condenser, we refer to the
coupling as “capacitive” coupling. (B)
When a resistor is used, we speak of “re-

iy phpiy gfrs
L Tc L: BL, IR L, EL, L
c
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Direct coupling with condenser resistoror coil.
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sistance” coupling. (C) When a coil is
used, the coupling is “inductive” coupling.
These three types of direct coupling are
sometimes called “conductive”, as shown in
the diagram.

The “voltage drop” across the common
link (C, R, or L) caused by current circulat-
ing in Lx C: (C, R or L) is effective in pro-
ducing currents in the L: C. (C, R or L) cir-
cuit. The L: C: current and the value of C,
R, or L determine what takes place in the
C: L. circuit.

The circuits may also be coupled less
directly as shown in the second diagram.

These methods of coupling are known as
indirect capacitive coupling and magnetic
coupling, respectively.

Most amateur stations using short wave-
lengths use “magnetic” coupling. In such
an arrangement the coupling value may be
changed by changing the number of active
turnsg in etther coil or by changing the rela-
tive position of the coils (distance or angle
between them).

The value of the condensers and coils
used for coupling and the value of high
frequency currents (causing a voltage drop
across the first circuit) determine the
power transfer between the two circuits.
Whether the coupling is “inductive” or
“capacitive” is determined by whether the
two circuits are linked by a magnetic or an
electrostatic field. Sometimes both kinds of
coupling exist and this is known as complex
coupling.

All of the above coupling schemes may be
classified as either tight or loose. Coupling
cannot, as is commonly supposed, be

measured in “inches” separation of coils.
The separation between the coils (distance
and angle between axes) and the number of
turns in each determines 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.

‘When the coupling between two circuits is
very small the two circuits can be readily
tuned to be resonant to the same frequency.
As we increase or “tighten” the coupling,
the mutual inductance increases. The cir-
cuits are no longer resonant to the same
frequency but the combination is resonant
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to two frequencies, one higher and one
lower than the first frequency. The quan-
tity of power transferred is greater and
greater as the coupling gets tighter and
tighter. However, the power transferred
on the one frequency that we are interested
in, increases to a maximum and then begins
to decrease. The peak values of the two
frequencies are never quite as high as the
one peak. We have a broader wave that
creates interference. The range is some-
what decreased. With most transmitters
there is a certain critical value of coupling
that gives best results. With a tube set,
too close (tight) coupling causes instability.
The transmitting wavelength flops from one
wavelength to another and the signals can-
not be easily copied. With a “quenched”
spark transmitter and with an “arc” sei the
best coupling value is somewhat critical.
Too close coupling gives a big reading on



34

the antenna ammeter but the wave is
“broad” and the signals do not “reach out”.

SENDING AND RECEIVING (DAMPED WAVES)

In transmitting, then, we use apparatus
that generates radio-frequency alternating
currents from a high-voltage commercial
source. The radio-frequency energy is
coupled into an antenna or radiating system.
Here it sets up magnetic and electric lines
of force that radiate in all directions.

In receiving radio signals we may use ap-
paratus similar to the sending equipment
and reverse the procedure. Magnetic and

Vibrato Anlenna
- \ @’;@L\ISZS‘/M’;Q gap.

\
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radio waves of long and short length. The
biggest tubes handle many kilowatts of
energy. They sometimes have water jackets
for cooling the plates which waste some
power as heat. Any three-element vacuum
tube can perform all three kinds of action
if we use it properly.

All substances are made of electrons.
When most metals are heated some of the
electrons in their make-up “boil” off. The
purpose of the filament in our vacuum tube
is to give off electrons. Any light that it
gives is simply incidental to the heating
process. A tungsten filament has to be

SENDING AN D;ECECI‘\LING (ahmped waves) Jhis sendrng ammyement causes interference
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electric lines from the radiator sweep across
an antenna which we erect for the purpose.
Radio-frequency potentials are induced in
it. Our antenna has distributed inductance
and capacitance. It therefore tunes to a
certain frequency. We can add lumped in-
ductance and capacitance if we please. The
maximum response occurs when the antenna
circuit is tuned to the incoming frequency.
The small potential induced by the advanc-
ing electric waves causes oscillations to take
place in the antenna circuit. The radio-
frequency voltages in this circuit can be ap-
plied directly or indirectly to the grid of a
vacuum tube or to a crystal detector. These
devices have the. property of conducting
current better in one direction than in the
other. Rectification takes place and the
damped impulses from a spark transmitter
or the modulated voice frequencies from a
radiophone may be received. Continuous
waves cannot be quite so simply received,
however.

THE VACUUM TUBE

The usefulness of the vacuum tube is
known to most of us. Its action as a rectifier
or detector, as an amplifier, and as an
oscillator is known but not so well under-
stood.

A vacuum tube is familiar to most folks
as an evacuated glass vessel containing
three elements, filament, plate and grid.
Small vacuum tubes are used for radio re-
ception. Larger tubes are used as ampli-
fiers of speech or of weak radio-frequency
signals. Every time we make a long dis-
tance telephone call hundreds of V.T. ampli-
fiers are put into use for our benefit. Still
larger tubes are used in making powerful
radio-frequency currents for sending out

heated very hot before it gives up its elec-
trons. It takes lots of energy to do this
and much light is given off in the process.
Thoriated filaments are used in most modern
tubes. A coating of barium and strontium
oxides on a filament also parts readily with
electrons. Such tubes do not take so much
power for filament heating. Plenty of elec-
trons are avaliable and but little light is
thrown off, as the temperature is not very
high.

Electrons are negative particles of elec-
tricity. In a tube full of some fluid like air,
electrons given off will fall back into the
filament. When there is a vacuum around
the filament the heated parts are protected
from oxidation and the electrons easily boil
out and fill this tube. The grid is next to
the filament and if it is well insulated so the
electrons cannot leak away it will collect
electrons until it dis negatively charged.
Like charges repel and most of the new
electrons coming off the filament will then
fall back into it. Out beyond the grid is the
plate. If we connect a battery between the
filament and plate with the positive ter-
minal next the plate, the positive plate will
attract the negative electrons. As fast as
the electrons come off the filament they fly
over to the plate. Electrons in motion make
an electric current. The amount of current
depends on the size and temperature of the
filament, the voltage of the battery and the
resistance in the different parts of the cir-
cuit. The potential of the grid has a marked
influence on the current, too. An ammeter
or milliammeter anywhere in the circuit will
measure the current that flows. A change
in the voltage of the plate battery does not
change the plate current according to
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Ohm’s Law. The temperature of the fila-
ment plays a part in limiting the electron
emission and possible current flow. The
electrons come from the heated filament.
The grid and plate are seldom hot enough
to give off electrons under normal conditions.
The current can only flow one way through
the tube. If alternating current is applied
in the place of our direct current B-bat-
tery, the electrons will only be attracted to
the plate during the parts of an alternating
current cycle when the plate is positive.
The tube is acting as a “rectifier”. This

Time

Damped oscillationgroups in sending antenna
Mdpfn mtenm-yr%wzd areuit of”ryecet'rer
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A- Rectified current in phones
B-Movement of diaphram (shown by heavy line)

action is similar to that of the “crystal” de-
tector in receiving “spark” and “voice”.

The grid is the controlling element of the
vacuum tube. A two-element vacuum tube
is a good rectifier. It can act as a “valve”
in the circuit allowing the current to flow in
but one direction. It is good for little else,
however. The grid is of open construction
and it is placed near the filament. A bat-
tery (C) can be connected in the grid cir-
cuit (between the grid and filament) which
makes the grid either positive with respect
to the filament or negative with respect to
the filament.

When the grid is positive, the negative
electrons are attracted more and they get
started away from the filament with more
velocity so that more of them reach the
plate. A plate current meter shows that
the plute current has increased. When the
grid is negative, the negative electrons are
repelled and the plate current is decreased.
The grid is near the filament and any change
in grid potential has a large effect on the
plate current. If the grid potential is varied
while the filament current and plate voltage
remain constant, the effect on the plate cur-
rent varies as shown in the diagram. The
filament temperature limits the emission of
electrons causing the bend at the top of the
curves, as saturation is approached. The
bends in the curve (A B C D) can be used
for detection. The straight section of the
characteristic curve is useful for non-
distorted amplification.

HOW A VACUUM TUBE “DETECTS”

For simple detection the circuit shown
is usually used. A tuned circuit is
coupled to the antenna and connected
through a small condenser which is shunted
by a high resistance to the grid and fila-
ment of a vacuum tube. This whole con-
nection is called the input circuit to our tube.
The filament current is provided by a low
voltage battery (the A-battery). The
head phones and a higher voltage battery
are connected between the filament and plate
of the vacuum tube. This is the output cir-
cuit of our tube. The B-battery, as it is
called, usually has a voltage between 15 and

5 volts.

The electric and magnetic field from a
sending station set up voltages in the an-
tenua causing oscillating high frequency
curtents in the antenna coil.The resulting
field about this coil links the coil in the in-
put circuit to our tube. This circuit is tuned
to resonance at which point there is a maxi-
mum voltage across the condenser and coil.
One of the terminals of the grid condenser
connects to one sidz of the condenser and
coil. This point becomes first positive and
then negative at radio frequency. At a
given instant let us say that this terminal
of the grid condenser is positive. The other
plate of the condenser takes on a negative
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DETECTOR CIRCUIT

charge of equal value by robbing the grid of
some of its electrons. This leaves the grid
itself positive with respect to filament. The
registance of the grid leak is so high that
practically no charge is lost through leakage
in the very small time required for a half-
oscillation. The positive grid attracts more
electrons from the filament through a
momentary increase in the plate current.
As soon as the negative half of the radio
frequency cycle comes along, the other plate
of the grid condenser becomes positive and
the grid itself has a charge of electrons.
The negative grid repels further electrons
but holds all that it has received. It con-
tinues to gain electrons during each positive
part of the radio frequency cycles that
occur. The result of a continued damped or
modulated group of oscillations is to make
the grid more or less negative. This causes
a dip in the plate current. Between every
group of oscillations the negative charge has
time to “leak” off the grid through the high
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resistance, allowing the plate current to in-
crease again. When receiving modulated
speech the process becomes continuous and
the variations in telephone current are there-
fore at speech frequencies.

A tube can detect without the grid con-
denser and leak by adjusting it to work on
the “bend” in the curve. Radio-frequency
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changes in grid potential will make radio-
frequency changes in plate current. The
decrease in plate current when the grid is
negative will be greater than the increase
in plate current when the grid is positive
(at that “bend” in the plate-current grid-
voltage curve which comes just before
saturation).

If we wish, we can leave out the grid leak
and grid condenser, substituting a C-bat-
tery to put a negative bias on the grid of
our detector tube. Just the right bias must
be used so that the tube will detect on the
lower bend of the plate-current grid-voltage
characteristic curve. The set recovers
quickly from static crashes when this is
done. It is quieter in operation than a set
with a poor grid leak can ever be. Slightly
superior sensitivity on weak signals is
claimed, due to the increased quietness.

HOW A VACUUM TUBE “AMPLIFIES”

A small change in grid potential always
makes quite a large change in plate current.
This makes it possible to apply currents of
any frequency to our grid and to use the
effect of the varying plate current in a
transformer or ‘‘coupler” of some sort to
produce greater voltages and currents at
the same frequency. The power of course
comes from the local B-batteries and the
grid simply controls that local power supply.

Several tubes can be used one after an-
other in an amplifier. They are coupled by
any of the methods we mentioned under the
subject of coupling. Magnetic coupling is
perhaps most commonly used. Radio and
audio frequency transformers are the

simplest examples of magnetic coupling for
amplifying voltages of different frequencies.

The action of amplification is quite similar
to detector action. No grid condenser or
leak is necessary. To give undistorted
amplification the tube must be connected in
a circuit so that it operates on the straight
portion of its plate-current grid-voltage
curve. The grid voltage must be kept down
below certain limits, and a C-battery or
bias potential to shift the axis of the input
voltages will often prevent distortion and
save battery consumption, although not
necessarily giving more amplification. The
figure shows how undistorted amplification
is secured.

Maximum voltage amplification is desired
between tubes. Between the last step of an
amplifier and phones or loud speaker we
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want maximum power transfer. This is ob-
tained by matching the tube impedance to
the primary impedance of the output trans-
former. The secondary impedance of the
output transformer is made equal to the
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impedance of the winding on phones or
speaker to give best results. Just as in the
case of the dry cell or generator, the maxi-
mum power is transferred when the load
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and internal impedance characteristics are
matched.

HOW A VACUUM TUBE “OSCILLATES”

We have mentioned that vacuum tubes
can and are used to generate undamped high-
frequenty currents. The production of un-
damped osclllatxons is accompllshed by add-
ing energy in “timed pushes” to each oscil-
lation. A tube can be made to oscillate by
coupling the input and output (grid and
plate) circuits. The inductance and capaci-
tance in the grid circuit usually determine
the frequency of oscillation, although the
values of inductance and capacitance in other
parts of the circuit may control this. A coil
in the plate circuit (tickler coil) sometimes
couples a part of the plate circuit energy
magnetically to the grid circuit, thus keep-
ing the amplitude of oscillations unchanged
despite the losses that tend to make them
decrease. Every tube has some capacitance
between the elements. When there is a coil
in the plate circuit there is bound to be a
“reactance voltage drop” across this coil.
This voltage couples some energy back to
the grid circuit through the grid-plate ca-
pacitance of the tube. Often a tube which re-
fuses to oscillate can be brought into oscilla-
tion by adding a small condenser between
the grid and plate. A few inches of insulated
wire connected to each and twisted together
will serve this purpose. Increasing the size
of the coil in the plate circuit will do the
same thing.

REGENERATION

There is always some feed-back through
the tube inter-electrode capacity. Usually
detection and amplification are accomplished
in one tube. Oscillation takes place only

!

when there is endugh feed-back from the
output to the input circuits so that the action
is continuous as long as power is supplied
and the couplmg‘ is sufficient, and where the
feed-back is sufficient to compensate for the
losses in the circuit. Whenever any energy
is “fed back” to the input of the tube we
refer to the process as “regeneration™. A
signal impressed in the grid circuit (SC)
produces changes in the plate circuit (T) at

A REGENERATIVE
DETECTOR CIRCUIT

the same frequency. These changes have
greater magnitude than the impressed signal
because they take power from the plate bat-
tery. Whenever some of the energy is led
back to the grid circuit (or made to react on
the grid circuit) we have * regeneratlon

The response to weak signals is greatly in-
vreased by using regeneration because the
original voltage impressed on the grid is

much increased by the feed-back. When
there is sufficient “regeneration” we have
“oscillation”. By varying the tickler

coupling, the capacitance across grid and
plate, or the turns in any coils that may be
in the plate circuit, we can control the
amount of regeneration and the ease with
which the set goes in and out of oscillation.
In receiving “spark” and “phone” signals
we want our tube to be adjusted for maxi-
mum regeneration WITHOQUT oscillation.
To receive a continuous wave (CW) signal
we want the set to just oscillate.

In a radiophone receiver we always want
to prevent oscillation. “Neutralization”
refers to any of the various methods by
which oscillation is prevented. The coupling
between grid and plate through the inter-
electrode capacity of the tube always feeds
back some high frequency (h.f.) voltage to
the grid circuit. To neutralize the effect of
this we adopt some method to feed back
another equal and opposite voltage (a volt-
age equal and 180° out of phase) to our input
circuit. To get some regeneration is desir-
able. so we usually do not neutralize com-
pletely—the neutralizing voltage is op-
posite but not quite equal.

If a continuous wave is impressed on a
detector tube having unilateral conductivity,
rectification takes place. Since the waves
are not modulated or damped, a change in
the average value of the plate current takes
place when we start to receive the continu-
ous wave and no further change occurs
until the continuous wave stops coming in.
In our phones there is merely a click at
the start and end, but no evidence of a
signal being received as long as the am-
plitude of the incoming signal is constant.
The impulses received change their direction
at radio frequency and as such frequencies
are inaudible we must look to other means
tolreceive continuous wave telegraph sig-
nals.

HETERODYNE AND AUTODYNE CW
RECEPTION

The best and most common way to receive
continuous waves is to use a vacuum tube to
produce weak oscillations of nearly the same
frequency as the incoming continuous wave
(CW). The local oscillations and the in-
coming oscillations are added together in
the input circuit to one vacuum tube.

Two tuning forks of slightly different fre-
quency “beat” upon each other, alternately
adding to and neutralizing each other in
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effect. The “beats” are of low frequency
(the difference of the frequencies of each
tuning fork) and the amplitudes of the two
forks add so that the beat has first the sum
of the amplitudes, then the difference
(zero).

In radio work, continuous waves are
ordinarily received by the “beat” method.
Inaudible high frequencies are combined to
produce an audible beat note. Millions of
cycles can be generated locally in a small
vacuum-tube oscillator. This osecillator is
coupled to the grid circuit of a vacuum tube.
The incoming oscillations are also coupled
to this same circuit. The beats between the
two frequencies are present in the output.
The beat frequency equals the difference of
the two frequencies. “Heterodyne” comes
from two Greek words meaning “other-
force”. When a tube is used especially to
generate the local frequency, serving no
other purpose but this, we have the hetero-
dyne method of CW reception.

“Auto-dyne” means “self-force”. The
standard amateur regenerative tuner em-
ploys the autodyne method of reception.
One vacuum tube generates oscillations. In-
coming signals are coupled into the grid
circuit of this same tube. A single tube
thus acts as oscillator, detector, and am-
plifier.

RECEPTION—GENERAL

In all radio work, whether the apparatus
is for sending out radio-frequency energy or
whether it is for receiving weak impulses to
amplify and convert into understandable
characters, the business of tuning is im-
portant. Tuning is the process of adjusting
the coils or condensers so that the circuit
will respond to certain frequencies (wave-
lengths) which correspond to certain sta-
tions that we want to receive. When sig-
nals are to be received, the sending and re-
ceiving stations must have their apparatus
and circuits tuned to the same frequency
(wavelength).

Usually sending stations use some fixed
wavelength while receiving stations “tune”
for the station that is wanted. Either the
condenser or the coil may be the variable
element in the receiving circuit. Sometimes
both are made variable. The proper ratio
of capacitance to inductance in a circuit has
long been the subject of controversy. Good
receiving results are obtained over quite
wide limits. Therefore, for simplicity of
control just the coil or just the condenser is
made adjustable.

Using a coil with a small variable con-
denser and a number of fixed condensers
makes it possible to cover a wide range of
wavelengths (frequencies) with the desired
nicety of adjustment. When a big condenser
is used a vernier knob or dial helps to give
easy control. By using one small variable
condenser and a number of removable coils

it is possible to design a practical and
efficient “tuner” that will cover any or all
the frequencies (wavelengths) used by ama-
teurs today.

Tuning controls should be few in number
and easy to operate. Adjustments should
stay put and body capacity effects must be
avoided, especially so in a high-frequency
(short-wave) receiver.

Almost everyone who reads this Handbook
has seen, used, and perhaps constructed a
receiver of some sort for broadcast or ama-
teur wavelengths. There is little difference
in the procedure followed in making a one
or two-tube broadcast receiver and in build-
ing a good short-wave tuner. In fact the
fundamental change that must be made is
simply to reduce the size of both the coils
and condensers used.

In broadcast reception we are careful to
use amplifying transformers that do not
amplify certain frequencies in the musical
scale much more than others. In code re-
ception we can use the same instruments if
we please or we can pick out some so-called
“distortion” transformers to give us more
amplification on some one frequency. By
heterodyning or autodyning the incoming
signal to give a beat note of the desired
frequency we can readily get maxi-
mum amplification from such a trans-
former. Static and signals of different fre-
quency from that of the transformer “peak”
will not be amplified to the same extent as
the signal we want to read. The signal will
stand out clearly against a background of
little noise.

Most of the stations we hear will be con-
tinuous-wave stations. Our reception is
accomplished by the autodyne method. Our
local receiver oscillates. Our adjustment
of the condenser coil circuit determines the
frequency of oscillation. The antenna cir-
cuit is coupled to the condenser-coil circuit.
Oscillations are set up in the antenna circuit
by the changing field from the transmitter.
The field about the antenna coupling coil (if
one is used) *links the coil in the tube cir-
cuit. The grid of the vacuum tube has im-
pressed on it voltages of two frequencies.
The output circuit of the vacuum tube con-
tains the difference between these two grid-
circuit frequencies. When the two fre-
quencies (one from the antenna circuit and
one locally generated) are exactly the same,
we have “zero beat” and ne sound in the
phones wunless the incoming signal is
modulated.

In receiving code signals the regeneration
control is set so that the receiver oscillates
over the whole range of frequencies that

* When the antenna is connected directly to the
grid end of the condenser-coil circuit thru a small
fixed condenser, the oscillations of the antenna circuit
take place as usual and the voltage drop across the
coil and condenser is applied directly to the grid of
the detector tube.
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can be covered by the set. The tuning dial
of the condenser-coil circuit is turned
slowly while the regeneration control is
moved just the little bit necessary to keep
the tuner on the edge of oscillation. When
the amplitude of the local oscillations is
just equal to that of the incoming signals,
the beat note will be strongest. In receiv-
ing signals the energy from the antenna
circuit is always very weak. The best re-
sults (maximum sensitivity) are obtained
with the regeneration control not beyond the
point where oscillations begin in the local
circuit. .
Most vacuum tube receivers to-day utilize
the principle of regeneration. Part of the

energy in the output circuit (plate circuit)
of the detector tube is coupled back to the
The feed-back

input circuit (grid circuit).

A

microphone. This is a crude arrangement.
The variation in antenna current is usually
small, the modulation incomplete, the power
loss considerable, the current a microphone
will handle limited, the interference pro-
duced illegal.

The absorption method (B) of modulating
a continuous wave (‘“carrier” wave) is some-
thing of an improvement. A microphone is
connected in an absorbing circuit coupled to
the antenna. The amount of energy ab-
sorbed varies with the resistance in the
absorbing circuit and the coupling used.

“Grid” modulation and “plate” modula-
tion are accomplished by introducing the
speech frequencies into the input or output
vacuum tube circuits through suitable trans-
formers (to isolate the high voltages and to
match the impedance of the circuits).
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SOME MODULATION METHODS

voltage may be applied to the grid either
through the plate-grid intra-tube capacity or
by an inductive feedback obtained by using
a “tickler” coil.

MODULATION

When something that we do varies the
amplitude of the current in a circuit, we
have modulated the current. Speech modula-
tion is usually accomplished by speaking
into a microphone. Microphones for speech
only are quite satisfactory when made of a
stretched metal diaphragm in front of some
carbon granules whose resistance varies, de-
pending on the position of the diaphragm.
For musical reproduciion the condenser
microphone and the Pallophotophone are
quite useful even though they must work
through a large amplifier before there is
energy enough to control large amounts of
power. The glow microphone gives uniform
modulation over a wide band of audio fre-
aquencies.

Microphones and modulators vary cur-
rents by varying the resistance or impedance
of the circuits of which they are a part.

Perhaps the simplest way to modulate a
continuous wave is to put a microphone in
the antenna circuit (A). The antenna re-
sistance can be varied by speaking into the

In modern radiophone transmitters the
microphone works into a number of ampli-
fiers, cascaded and coupled together to pro-
duce uniform amplification over the desired
audio range. Sometimes part of the ampli-
fiers are right at the microphone. The
speech or music goes over telephone lines
for some distance to the point where the sta-
tion is located and there more amplifiers
are used to get power enough successfully to
“modulate” the strong “carrier” radio-
frequency current which is used to set up
the radio waves.

The system of modulation most widely
used in radiotelephone practice to-day is
known as the Heising method. In such a
transmitter we have two vacuum tubes. One
is used to generate radio-frequency power to
apply to the antenna. This is connected as
an oscillator. The other tube is of equal
size to the oscillator but is employed as a
modulator tube. Both tubes are fed from a
common plate supply source thru a large
iron-core coil. The reactance of the choke
coil (X) is so great that the current through
it is practically constant and cannot vary
at speech frequencies or higher frequencies.
Thus when the transmitter is working the
current from the source is constant. For
this reason the Heising system is some-
times known as the ‘“constant current”
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modulation system. The designer should
allow about five times as much reactance in
the choke coil as there is in the combined
(joint) impedance of the paralleled modu-
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lator and oscillator tubes. The average
speech frequency (about 800 cycles) is
usually taken as a working value in design-
ing this choke. The best practice is to use
large tubes and amplifiying transformers
in the speech amplifier that can always oper-
ate underloaded giving practically no dis-
tortion—equal amplification at all fre-
quencies.

The oscillator works steadily and the radio
frequency is coupled into the antenna circuit.
A radio-frequency choke coil keeps H. F.
current from leaking back into the modu-
lator and supply circuits. The load
which the modulator tube takes varies.
As the grid voltage of the modulator
tube is changed at speech frequencies,
its plate current is made larger and
smaller accordingzly. The microphone and
its amplifiers have complete control over
the plate current of the modulator tube. The
plate currents of the modulator and oscil-

lator normally are about the same. When
the microphone is spoken into, the modulator
plate current can vary from nearly zero to
about twice its average value. The react-
ance coil (X) keeps the current from the
source and the voltage across both tubes
practically constant. Therefore while the
modulator plate current is varying from
zero to twice its average value, the oscillator
plate current must vary inversely from twice
its normal value to about zero. The high-
frequency output of the oscillator varies
directly with its input. Thus we have a high-
frequency carrier wave completely modu-
lated with a speech “envelope”.
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MODULATED RADIO-FREQUENCY CURRENT

When we have a buzzer or a “chopper”
connected in place of the microphone, we get
“buzzer modulation” or “ICW” (interrupted
continuous waves). For modulated teleg-
raphy, however, the “constant current”
system of modulation is not important.
“Grid” modulation is less complicated and
expensive, and perfect reproduction of the
wave-form is not as necessary as when
voice communication is intended.



CHAPTER V

Building a Station

amateur radio work you will want to

get into the game with a complete

station. Perhaps some readers of
this Handbook wish to “experiment” and to
build equipment only for testing purposes.
Some individuals get their chief pleasure in
making measurements comparing the per-
formance of apparatus by laboratory meth-
ods. Some are never happy unless they are
continually examining different circuits, be-
coming familiar with their operation and
tearing them down again. Advanced ex-
perimenters enjoy making series of actual
transmitting tests to find out more about
radio wave propagation as it varies with
wavelength, distance, and time-of-day.
However, if you are like most amateurs,
you will probably prefer to put together a
complete but inexpensive station and to
get your enjoyment from its operation.

In building a station there is of course
some constructional and experimental work
to do. There is a great deal of satisfac-
tion in the act of building, considered just

TO get the greatest fun and benefit from

by itself. The “good” station must have
a “good” transmitter and an equally
“good” receiver. The mechanical and

electrical details of these instruments offer
interesting problems to the beginning ama-
teur. It is the purpose of this booklet to
make the path a little easier for him.
Although we describe a receiver and
transmitter in detail, it is not necessary to
follow our mechanical arrangement exact-
ly to get good results. With a few parts

and tools a great deal of ingenuity can be .

exercised. Some planning with pencil and
paper, mixed with a little common sense, re-
sults in the “best” station at the lowest
cost. A few hours spent in looking over
the suggestions given here, together with
studying one or two good books, will save
money and enable one to get started right.

GETTING MATERIALS

After the planning is done, the materials
should be ordered. Your local dealer will
have some supplies but probably he will not
have them all. Condensers, coils, meters, in-
sulators, transformers, batteries, tubes
or whatever is needed are carried by some
of the advertisers in QST. Advertisements
containing false claims are refused. Good
new apparatus is examined by the Head-
quarters staff. Editorial mention is only

given when it appears that the apparatus
is really worth calling to the attention of
the members. ‘“Ham-ads” always contain
a variety of good used apparatus for sale
or exchange. Once in a while complete re-
ceivers and transmitters are offered for
sale in these columns. To get just what
one wants and to save money, most ama-
teurs prefer to ‘build their own.”

When some article cannot be obtained
locally or through QST advertisements you
can write the League’s Information Service
for advice. A stamped self-addressed en-
velope insures an early reply. Be sure to
include ALL the information about your
circuit and tubes. If our Information
Service mnan is to find just what you want,
he must know ALL your needs to make a
complete answer possible.

TOOLS

Before actual construction is begun we
ought to have certain tools to aid in
putting our material together. One or

\
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TOOLS FOR CONSTRUCTION

All are convenient but not necessary. A set of small

taps and dies, a circle cutter to use in mounting

meters on panels, a bit brace and a set of socket

wrenches will be useful in addition if regular con-
struction work is planned.

two pairs of side-cutting pliers with strong
jaws, a pair of round-nosed pliers, a knife,
two or three sizes of screwdrivers, a drill
stock and some numbered drills, a solder-
ing iron, seriber, reamer, file, small ham-
mer, and perhaps a little vise will be useful
tools for the builder. All these are useful
but not all are absolutely necessary. Most
of us can probably scare up some tools by
looking around the house for a few
minutes.
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IN GENERAL

The idea to be kept in mind when build-
ing a station is not “How quickly can I
build my station?” but “How well can I
build my station?” Every bit of station
apparatus must be just as good as we can
make it.

SOLDERING AND WIRING

In wiring the different pieces of appara-
tus a neatly soldered job will repay the
builder in good appearance and reliable
operation. Good connections may be made
without solder but a well-soldered job has
low contact resistances. A soldered oufit
works quietly and uniformly over long
periods of time. Soldering is worthwhile
when properly done.

Making soldered joints is quite a simple
matter. A few points should be kept in
mind for best results. A hot well-tinnea
soldering copper, clean, bright surfaces, a
small amount of rosin and a small amount
of ‘“‘half-and-half” soft solder will do the
trick,

Soldering flux keeps the clean surface
from becoming oxidized when heat is ap-
plied. Acid fluxes or soldering pastes
made by the action of hydrochloric acid on
zinc and supported in a low-melting base
should especially be avoided. They are
good for mending tin pans and gutter
pipes. They cause corrosion of electrical
connections. The melted ‘“‘paste” can cause
a set to operate poorly or to become in-
operative by adding leakage paths across
coils and condensers. Use lump or pow-
dered rosin that can be obtained for a dime
from any drug store.

“Half-and-half’”’ simply means that the
solder is an alloy, half tin and half lead.
“Tinning” the soldering copper is done by
filing the %oint bright and clean and rub-
bing it in hot solder with a little flux until

THE WESTERN UNION SPLICE

the point is covered with clean solder.
Scrape connectiong with a knife and file be
fore soldering, to save time and make a
joint good electrically and mechanically.
The soldering copper must be re-tinned
occasionally if it becomes overheated. It
should always be used when very hot but

not allowed to become “red hot.” A hot
copper makes soldering easy.
Bus wiring is neat and effective. = The

wires are laid out in straight lines running
straight back, horizontally and vertically.
The corners are made square. Hold bus
wires firmly with pliers while a little solder
“runs” into the joint.

Splicing wires is best done as shown in
the diagram. A little care makes a perma-
nent and strong splice of low resistance.
In a twisted pair, “stagger” the splices.
Tape all splices carefully to avoid trouble.

Battery leads to the receiver may be
bunched to good advantage. Radio-fre-
quency circuits should have the leads well
spaced. Wires should cross at right
angles when crossing is necessary. Con-
nections between coils and condensers
should be as short as possible. However,
coils and condensers must not be jammed
together too much as this increases the
effective resistance and lowers the sensi-
tivity. The antenna lead and the con-
nection from the condenser and coil should
be kept away from other wiring, The wir-
ing in the audio amplifier can be spaced,
and short leads are good, but they are
not nearly as important here as in the de-
tector and antenna circuits. To avoid un-
desirable feed-backs the plate and grid
leads should be kept well separated.

The transmitter should be wired neatly
in such a way that it will be electrically
efficient. At the same time, the power
supply and high voltages must be taken
care of in a way that insures safety to life
and property. The insulaton of lead-in
and high voltage conductors should comply
with underwriters’ rules.

In the pages that follow we are going to
describe in detail a conventional short-
wave tuner, Constructional “dope” for
a moderately-priced transmitter with a
world-wide range is also given. We have
discussed some fundamentals of electricity.
The diagrams and constructional informa-
tion are quite complete. We suggest that
the constructor study the books mentioned
in the Appendix for more comﬂlete theory
and general information. The “Station
Descriptions” department of QST gives
good ideas of various station arrange-
ments. QST itself keeps us informed about
new developments that are useful and note-
worthy. The writer believes that knowl-
edge of why a certain thing is done in a
certain way is desirable before any work
on a station is done. For that reason a
number of pages have been given over to
simple explanations of some of the things
that happen in radio circuits.

DESIGNING THE RECEIVER

The first apparatus built for our station
should be a receiving set. It is impracti-
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cal to build one fixed receiver that will
work at maximum effectiveness over all
the wavelength ranges in use by amateurs.
By using removable coils it is possible to
design a practical and efficient receiver that
will readily cover the wavelength bands in
actual use today. We must use a mount-
ing for our coils that makes it easy to
change them. The contacts must be posi-
tive and the losses must be kept low to
make our receiver efficient. The tuning
controls must be easy to operate. Body
capacitance effects must be avoided.

The simplest and most stable circuit is
the best one to use. One regenerative cir-
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big variable condenser will enable us to
cover many different frequencies with just
one coil, The tuning with such an ar-
rangement would be very critical and the
important amateur bands would correspond
to only a very small number of graduations
of the dial. Such a receiver would be of
no use to any radio operator. The smaller
the variable capacitance, the more secon-
dary coils will be necessary to cover the
amateur wavelengths. The happy medium
which is best for all-around work makes
our choice of a secondary tuning condenser
one with a maximum capacitance of be-
tween 90 and 120 micromicrofarads. A
very low minimum capacitance will be
helpful. The plates should be shaped so
that the change in the frequency to which
the circuit will tune will be directly
proportional to the angle through which
the dial is rotated (such a device is com-
monly called a “straight-line frequency”
condenser). A condenser of good me-
chanical features with low electrical losses
will be best. The plates should be soldered
together. The insulation should be of hard
rubber, Pyrex or quartz, and the path
along the insulation between stator and
rotor should be long.

Coming to the coils, they should be
space-wound and supported as nearly as
possible by nothing at all. Stray capaci-
tances and resistances should be avoided
by properly spacing the different parts.

The antenna can be coupled to the set
through a little fixed condenser between
the antenna lead and the grid end of the
secondary coil. A very small variable
condenser will be an improvement here,
enabling us to have some control over the
selectivity by loosening the lumped capacit-
ance part of the coupling as much as
necessary (by reducing the value of
this capacitance). The figure shows the
throttle-control circuit with this arrange-
ment. To get good energy transfer it is
necessary to ground the filament. When
we do this we bring in a lot of unnecces-
sary noises picked up from the local street
car lines, lighting circuits and so on. Dur-
ing summer electrical storms and when
snow is falling in the winter, trouble from
periodic sparking over of the micro-con-
denser (or perhaps the lightning arrestor)
will make the combined electrostatic mag-
netic coupling directly to grid undesirable.
The series of clicks will disappear when
straight magnetic antenna coupling is used
under such conditions. The charge will leak
off to ground as fast as it collects. How-
ever, when using a condenser as above, an-
tenna harmonics do not affect the required
regeneration as much as when magnetic
coupling is used.

For most short-wave work the antenna
can advantageously be coupled to the set

magnetically. A fixed coil of eight or ten
turns, two inches in diameter, placed in the
filament end of the grid coil to reduce tun-
ing effects, will give sufficient coupling.
This is known as a “fixed tune’’ primary.
It should be held on an adjustable hinge so
that the coupling angle can be changed to
the best value for the antenna one is using.
By sufficiently loosening the antenna coup-
ling there will be but a very slight tuning
effect, making a calibrated receiver pos-
sible. With sufficiently loose coupling we
will have no trouble with “dead spots”,
points at which the antenna circuit and
secondary circuit are in tune and at which
the set will not oscillate, The shorter the
wavelength the further away from the sec-
ondary the antenna coil should be placed.

A regenerative-detector circuit and one
stage of audio amplification is practically
standard for short-wave work. A couple
of UX-201-A (C-301-A) tubes make the
best set. UV-199’s can be used if no 6 v.
storage battery is available for running
the filaments. A ‘“soft” (low-vacuum)
tube that will oscillate on a low voltage on
short wavelengths will make a sensitive de-
tector if the hissing is not objectionable.
The new UX200-A is excellent as a sensi-
tive detector for weak signals. Use the
lowest plate voltage possible to get the
greatest response from weak signals.

Whatever tube is used, a few trials in ad-
justing the values of grid condenser and
grid leak to fit the particular tube will be
well worth while. The smallest capacitance
and the highest resistance grid leak pos-
sible should give best results. The tube
should go into oscillation easily and gradu-
ally. It should not “howl” or become un-
stable in the process. An audio howl is
usually caused by instability. The set
does not oscillate at audio frequency. It
starts and stops oscillating rapidly, making
clicks in the phones at audio frequency
(howling) as it does so. Usually the grid
return is made from the secondary coil to
the positive of the A battery. A 150-
micromicrofarad grid condenser and a 7-or
8-megohm leak will be about right for the
average tubes. Above all things we want
a “quiet” receiver. A metallized filament
grid leak will give superior results in this
respect. A good fixed mica grid condenser,
a friction-type slow-motion dial with a high
ratio and no backlash, good condensers,
and solid connections will all help in mak-
ing a smooth-running, quiet set. In special
cases the set can be shielded in a copper
box with a metal panel to prevent pick-ups
of signals and noise by the receiver coils
and wiring.

The coils should be placed clear of large
solid bodies by 13 to 2 inches. They should
be far from the baseboard, the cabinet,
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the panel and a respectable distance from
the tuning condenser, though we want the
leads to that fairly short.

Use the smallest tickler that will work
with a low detector plate voltage. Too
large a tickler or a poor B-battery will
often cause howling. A large tickler
makes the set go into oscillation with a
“bang’” and the tuning effect is bad. The
proper way to build a tickler for a given
secondary coil is to adjust the number of
turns and the diameter of the tickler with
the set operating. With the throttle con-
trol set at maximum capacitance and the
tuning condenser also adjusted for maxi-
mum capacitance, the size of the tickler
should be reduced until the set will just
barely oscillate. Tickler coils for C.W. re-
ception should be wound with heavier wire
than that used in broadcast receivers which
work just below oscillation. The diameter
of tickler coils should be smaller than the
secondary. This reduces capacitive coupling
between the turns oi the two coils and cuts
down the tuning effect. The rotary con-
denser plates should connect to the filament
side of the circuit to cut down body tun-
ing effects. Grounding the filament is
necessary in extreme cases.

Either a pointer moving over a scale or
a dial with indicator may be used. The
pointer is the most reasonable but hardest
to obtain. Qur tuning condenser should
have an easy-reading scale. The feed-
back control does not need to have any-
thing but an indicator showing the relative
setting as its position will vary with fila-
ment temperature and “B” potential.

A rheostat for the detector and one for
the amplifier is convenient. Often the
detector will work best at a lower temper-
ature than the amplifier filaments.

The amplifying transformers selected for
this receiver are not necessarily ones suit-
able for broadcast reception, A high
ratio of transformation and a high primary
impedance are desirable. The transformer
should be selected that gives most amplifi-
cation on frequencies between 500 and
1000 cycles. Varying the tuning control
to make the received beat note lie between
these values will give the best amplifica-
tion. Lower-toned atmospherics and
ground noises will be lost in the back-
ground. The quality will be actually
atrocious when receiving modulated sig-
nals. We are building this set for the best
results in telegraph communication rather
than for radiophone reception. We should
not use a C-battery in our relay receiver
if we desire the best signals. A C-bat-
tery will cut down the plate current (pro-
viding it is properly installed) and the
plate battery will last longer but the sig-
nals will not be as loud as if no C-battery
is used. @We want as widely variable an

audio-frequency current as possible in the
phone circuit rather than a current that
varies directly in accordance with the im-
pressed signal on the grid of the tube.
The latter condition is desirable in a
broadcast receiver but we want to work
our tube above the straight line portion of
the grid-voltage plate-current characteris-
tic curve in order to get as loud signals as
possible.  If a movable tickler is used, a
.002 phone by-pass condenser is built into
the set to make it oscillate easily. It
should be across the B-battery and pri-
mary of the amplifiying transformer. A
condenser with good insulation should be
used because leakage will ruin the B-
battery.

Fairly good plug-in coils are manufac-
tured in the Lorenz or basket weave type
of winding or in the space-wound skeleton-
form type. The best mechanically and
electrically balanced job can be done by
the individual builder, however. Lorenz
coils have low distributed capacitance and
they are mechanically pretty good. A
winding jig can be made by driving 14 pins.
or nails in a 33-inch circle. No. 16 cotton-
enamel-insulated wire will avoid corrosion
and needs no protection from dampness.
Skip every two pins after starting the
winding.

WINDING COILS

Space-wound coils should be wound on
skeleton or notched ribbed forms. Hard
rubber is fine electrically but it “flows”
after the wire has been tightly wound and
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DETAIL OF COIL MOUNTING

the coils eventually loosen. Micarta tub-
ing with projecting ribs is best. In an
emergency the “Quaker OQats” box or
cardboard tubing will be best to use after
baking it in shellac to exclude moisture.
The coils can have terminals brought out
to fit into binding posts on the baseboard
for interchangeability. Straight wire ends
will slip into binding posts neatly. A
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better arrangement is to build them with that are available.

little bakelite or hard rubber strip bases
and to use General Radio plugs. Phone

SiDE VIEW
con

DETAIL OF COIL AND PLUG

cord-tip terminals and Carter jacks make
a fairly good wiping contact, however. The
coil terminals are made by slipping a
phone cord-tip over a 6:32 machine screw
and soldering it in place.

The diagram shows easy ways of making
receiving coils that will compare very
favorably with any manufactured products

[
SIMPLE FORM FOR LORENZ TYPE COILS ANOTHER WINDING FOR LORENZ TYPE
col

Cond

FORM FOR WINDING Sypporting.
EITHER LORENZ OR

SPACE-WOUND COILS

Torns may be spaced by winds
on natcbe’:{ :ka’}ctan. é%rm a/:y
by using knols or glass beads be-
Lween Lurns tomake corls Self.

The principle ad-
vantages of the Lorenz coil are low dis-
tributed capacitance (because the turns
cross each other at an angle instead of ly-
ing side by side) and good mechanical
strength when strong binding cord and
sufficiently heavy wire are used. Perfectly
round turns of cylindrical coils have the
greatest inductance per turn, however,
Therefore, a coil having better electrical
properties can be made by winding the coils
on a round form and spacing the turns to re-
duce the distributed capacitance. If we use
a solid tube for a form we run into diffi-
culties again by introducing additional di-
electric losses which add to the effective re-
sistance of our coil. By adopting a skele-
ton notched form or by spacing the turns by
knots (as shown) we can improve the coil
electrically but before long we find that our
coil is mechanically weak making a care-
fully balanced compromise necessary to
achieve the “best” practical coil. =~ For
making transmitting coils, glass or por-
celain beads can be substituted for the
knotted cord separating the turns of space-
wound coils. Always use waxed or paraf-
fined cord in supporting coils to make them
moisture proof. Sealing wax or paraffin
is good for supporting and stiffening coil
ends. Avoid shellac and “dope” on receiv-
ing coils. Anything of this nature between
turns will raise the distributed capacitance
of the coil because it has a dielectric con-
stant greater than that of air. To get as
great a tuning range as possible with a
given coil it is desirable to have the ca-
pacity lumped in the condenser used across
the coil. The coil itself should have mini-
mum distributed capacitance and the con-
denser should have a low capacity at the
“zero” dial setting.

Ls

Anot

A FINISHED
SPACE-WOUND coiL
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All distributed capacity in coils does not
come from the capacity between turns.
Running leads through the finished coil adds
to the distributed capacitance, especially if
the lead happens to be one of the coil leads
itself. If a lead must be run through a coil
by all means run it through the center as
this adds least distributed capacitance.
Running the lead near one side of the coil
raises the effective resistance of the coil
considerably especially at the shorter wave-
lengths.

A simple way of making quite good
space-wound coils is to wind the wire on a
cardboard form, spacing it with a thread,
string, or another wire which is taken off
after the winding is completed Cardboard
tubing should be first prepared by water-
proofing with a celluloid varnish and binder.
Wire should never be wound on the form
until the varnish is dry. This prevents the
varnish from soaking into the insulation
which raises the dielectric constant mak-
ing a poorer coil with higher effective re-
sistance and distributed capacitance. A
“Quaker Oats box” form is as good as they
come electrically. Don’t think that all
coils must be of three inch diameter just be-
cause those mentioned here and all those
you have seen are of that diameter. This
is just a convenient size and good short-
wave coils performing beautifully can be
made 1% and 2 inches in diameter. A thick
form should be provided with longitudinal
supporting strips to keep the wire off the
form to reduce dielectric losses.

Here is a table showing the wavelength
ranges that can be covered using 3%” di-
ameter Lorenz coils of the following num-
bers of turns and a tuning condenser hav-
ing the maximum and minimum capacity

values specified. @ The wavelength ranges
were determined by means of an oscillator
(described in the appendix) and wavemeter
(the next instrument we will build for the
station after our receiver is in operation).

Tuning condenser capacity range: 20 to
380 micromicrofarads. A smaller maximum
capacity (150 ppf) is recommended to give
less crowding on the amateur ranges.

Wavelength

Turns meters
55 200 to 626
24 86 to 273
10 40 to 126
5 24 to 70
2 11 to 86

Some space wound coils checked by the
writer were three inches in diameter, wound
on skeleton forms, of No. 18 B. and S. wire
spaced the width of the wire itself. The
tuning condenser had a range of from 15 to
100 micromicrofarads.

‘Wavelength

Turns (meters)
19 58 to 116
3 30 to 62
3 11 to 381

Although not allowing much overlap these
ranges cover the three lower amateur bands
nicely in the center of the dial. The con-
firmed traffic man will wish to use a still
smaller condenser with a much larger num-
ber of coils (eight or ten) so that the tun-
ing will not be critical and so that all sta-
tions will be spread out well over the dial.

BUILDING THE RECEIVER

A receiver built on a “breadboard” is
very effective but picks up dust and dirt
after a while and gets noisy. A panel-
mounted set is about as cheap. The cabi-
net can be added later to protect the parts.
Photographs show both “breadboard” and
panel layouts. The sets can be wired
from the photographs and the diagram.

Select every part carefully if you would
make your receiver a permanent invest-

Plug in grid
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THE CIRCUIT

Chosen from the several possible circuits, a fixed

tickler and a “throttle” condenser for regeneration

control are used. Smooth regeneration control is

effected with this arrangement, while at the same

time the tuning is but slightly changed by movements
of the regeneration condenser.

ment. Do not patronize the local cut price

“gyp” store if you are after the best re-
sults obtainable for your money. “Bootleg”
parts are cheap it is true—but standard
parts and tubes from reputable manufac-
turers are not so likely to prove defective
after a few weeks of use. Buy well and
your set will still be giving satisfaction
when the friend who was taken in by a mis-
guided idea of saving is paying for expen-
sive replacements.

In putting the “breadboard” receiver to-
gether lay out the apparatus as it is shown
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in the photograph marking the places that
should be drilled for screws with a peneil
point. Now take off the parts and pick out
the proper size drills for the various wood
screws that will be used. Make the holes
with the hard drill right at the beginning

and you will avoid splitting the baseboard
and making an unsightly job. If the wood
is soft you can use a gimlet, punch or a nail
of the right size in making a hole for start-
ing the wood screws.

Fasten down the apparatus securely, sup-
porting the variable con-

densers on strong metal
brackets obtained from
the local hard-
ware store. Some con-
densers are easier to
mount on “breadboards”
than others. If a “bread-
board” set is planned be
sureto buy condensers that
can be readily supported
on angle brackets and that
have suitable provision for
securing the vernier dials.
Next, wire the set accord-
ing to circuit diagram or
photograph running the
wires from one instrument
to the next and soldering
each connection as it is
made. Bus wiring is best
looking but flexible rubber-
covered wire is just as
useful and practical. Most

of the parts manufactured

A BREADBOARD RECEIVING SET SHOWING THE LAYOUT AND
WIRING OF ALL EQUIPMENT NECESSARY FOR BRINGING IN
GOOD SIGNALS FROM ALL OVER THE WORLD
But one stage of audio amplification is necessary or desirable. Home-
made lorenz-wound coils are mounted in binding posts. The antenna is
coupled directly to the grid end of the secondary through two one-half-
inch-square brass angles. Note the rubber cushion placed under the de-

today have binding posts
conveniently arranged so
it is a short job to put to-
gether a workable set
simply by running wires

tector socket to prevent microphonic mnoises.

List of Material Required for a Breadboard Receiver

Wooden baseboard, 14” x 107 x 14" ............ $0.60
100-micromicrofarad S. L. F. variable condenser 4.00
250-micromicrofarad variable condenser ........ 4.00
2 UX tube sockets .....coviiiiiiiiiieiaannaane 1.00
Soft rubber sporge (5 and 10c store) to mount
detector socket, preventing microphonic noise 0.10

1 30-ohm rheostat .......... ... ..o il 0.75
1 150quuf. fixed mica condenser ................ 0.50
1 7-meg. metallized-filament grid resistor ....... 0.50
1 single jack, open circuit type ....... 0.50
Brandes phones ................ . 5.00
Phone plug ... ittt ... 1.00
2 High-ratio (20:1) dials ............. .. ... .. 3.00
1 audio-frequency amplifying transformer: GE

UVT12 9:1 ratio (without * beside style

nnmber). Thordarson 6:1, General Radio

6:1, or Western Electric 29:1; say ........ 5.00
1 221 volt block B-battery ......... ... ... 2.00

Material for Lorenz coils:
4 Eby binding posts
1 pound No. 1% or No. 20 Contenamel wire .... 1.00

For esch secondary coil:

2 hard rubber strips %4” x 3" x 2"

2 cord tips (unless coil ends are inserted right in
binding posts)

2 6:32 brass machine screws 1” long, and brass
washers.

Coil mounting:

1 bakelite micarta strip 14” x 17 x 23" ......
2 large washers

> Velvet Vernier dials are
used on variable condensers of 100 puf. and 250 ppuf. maximum capacitance,

from binding post to tind-

2 2” lengths of 3/16” I. D. hard rubber or
bakelite sleeving ........cciiieeiieniiinaas

2 Carter Imp. jacks (or substitute General
Radio plugs and jacks in the set) ..........

2 23%,” blued round head wood screws ........

Terminal Board for Antenna, Ground and A-battery
connections :

114" x 1”7 x 6” bakelite strip ............ccnens

4 Binding Posts

Miscellaneous :

24 wood screws to hold things down, 1 ft. of
%" copper strap to fasten down B-battery,
2 copper angles constituting antenna coupling
condenser, 4 ft. No. 12 bus wire, 6 brass
angles to support condensers, strong light
cord to bind Lorenz coils, wooden block 4"
x 4” x 7" for mounting coils (unless plug
mounting is built). A paper clip or piece of
tinned bus wire attached to the frame of
the condenser and bent over the top of the
dial will make a good indicator lacking a
better one. If the particular condensers
you get do not permit of mounting the back
plate for the vernier dials, some flat 90°
angle pieces from the 10c¢ store or the local
hardware store will hold them so that the
smooth vernier action can be used in tuning.
The cost of these miscellaneous items should
not greatly exceed

Estimated cost of a practical and excellent short
WAVE FeCeIVEr .. v.iiniiiiiirneeceacenananns $32.00
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ing post. For a set that is permanently quiet
in operation, the connections should be sol-
dered when the outfit is assembled, but a
laboratory set-up or a set to be used for but
a few weeks and then torn apart can be
conveniently made without any soldering.
When the wiring has been completed, check
it over carefully before connecting the bat-
teries or trying it out. Be sure the con-
nections are right before going

Bakelite-micarta panels are most often
used for home-built sets as they are stocked
in a variety of sizes by most dealers and
cost about the same amount as the metal
panels mentioned. A fine satin finish may be
put on bakelite panels by rubbing them with
three or four sizes of fine sandpaper. Start
the rubbing with the coarsest sandpaper,
ending with the very finest variety known as

ahead. Before connecting the B-
battery, hook up the A-battery and
see that the filaments can all be
turned on and off and controlled by
the rheostat. If all the tubes do not
light, find the trouble in the wir-
ing before going any farther. Then,
and not until then, complete the
plate circuit by connecting the B-
battery. Plug in the phones and
listen to the set as you operate the
different controls. There should be
a strong click in the phones when
the B-battery connection is made
and broken. The regeneration con-

trol should be gradually worked up
from zero until a slight click and a
“live” sound shows that the de-
tector tube is oscillating.

The first thing to do in building
the panel mounted set is to lay out
the panel. The arrangement should be
symmetrical, balanced for appearance and
utility. Thought must be given the proper
spacing of parts to insure an efficient set
that will handle easily. The clearance of in-
struments mounted at the top and sides of
the panel must be sufficient so that the set
can be readily put in and taken out of the
cabinet.

Use the templates that are provided with
most variable condensers for locating the
holes to be drilled for mounting the variable
condensers. A scriber, will mark through
the paper template. A sharp point of any
substance that is considerably harder than
the panel to be scratched may be used. A
very small drill is probably best of all. After
the surface has been marked, drill the small
hole all the way through the panel and
follow it up with the larger drill that makes
the full size hole. If large drills are not
available, a reamer will often increase the
hole to the necessary diameter without un-
due labor and without spoiling the panel.

A grounded metal panel helps to shield the
set from body capacity effects. An alum-
inum or brass panel will drill easily and
can be given a crystalline finish at a nom-
inal sum by some of the larger radio manu-
facturing concerns that do such work for
themselves.

PHOTOGRAPH SHOWING THE ARRANGEMENT OF PARTS
ON PANEL AND BASEBOARD AND ALSO THE WIRING

Note the plug-in grid leak and condenser and the cushioned
detector socket.

The small disk in the center of the set is the
small coil used as R, F. Choke.

“double naught”. Use nothing coarser than
No. 1 sandpaper on the panel or you may
scratch the panel. Always rub in the di-
rection of the length of the panel. Use a
little 3-in-1 oil as lubricant and finally clean
off the panel with a soft cloth putting on
the finishing touches by hand rubbing.

A convenient list of parts for the con-
struction of a panel-mounted amateur plug-
in-coil tuner is given. Besides the parts in
the list, two vacuum tubes and a filament
battery are needed. The filament battery or
A-battery will depend somewhat on the
number and type of tubes used. Two five
volt, %4 ampere tubes (UX201A or C201A),
can be most economically supplied by a six
volt storage battery of between sixty and
one hundred ampere-hours capacity. of
course, the bigger the battery is, the less
frequently it will be in need of charging.
UV199, CX199, UX199, WD11 and WDI12
tubes may be run from a filament battery
made up of dry cells. The greater the num-
ber of cells used in parallel, the longer they
will operate the set and the better the econ-
omy. Dry cells are fairly good for supply-
ing current intermittently and often old zells
will depolarize or recuperate by standing
without use so that they can again be used
for short intervals.

There are now several varieties of plug-
in coils on the market for building short-
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wave receivers. Anyone can make a se-
lection depending on the mechanical and
electrical goodness of the coils under con-
sideration as compared with the other types

THE RADIO AMATEUR’S HANDBOOK

advertisements if you do not care to build
up either the space wound or the Lorenz
type coils yourself.

The next step after drilling and finishing
the panel is to mount the parts

on it. Then the panel should be
fastened to the baseboard by
strong brackets and wood
screws, The parts to be
mounted permanently on the
baseboard are now put in place
and fastened down in the same
way that was described in the
building of the “breadboard”
set. After wiring the outfit and
putting on the dials we are
ready to connect the batteries
and operate providing the final
check of the wiring shows
everything to be all right.

A picture diagram shows ex-
exactly how to wire the
panel-mounted tuner. A two-

THREE MANUFACTURED PLUG-IN COILS
The base holds the swivel-mounted primary for adjustable mag-
The secondary coil Is a typlcal space-wound
coil using General Radio plugs for easy interchangeabllity.
Small tickler feedback coils are wound inside the main colls.

netic compling.

available, Space-wound coils should be
chosen for a short-wave tuner., A set of
coils and a mounting for the type used may
be bought direct from QST or Handbook

tube receiver (detector and
one stage audio) is stand-
ard for amateur relay work
but three tubes and two stages
of audio amplification are
described here for the
benefit of the chap who likes to have a
signal at loudspeaker strength occasionally.
If you are going in for amateur relay work
you can build this outfit and use just the
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first stage for most listening or you can
drop one amplifying transformer, one
socket, the interstage jack, and one vacuum
tube from the list of parts and reduce the
cost below the amount estimated for a com-
plete set. Although the signals will not be
so terribly loud with the one stage of am-
plification, they will satisfy everybody but
the chap with the “tin ear” for use with a
telephone head set. The signal to static
ratio is the same with one stage of audio
amplification as with a dozen, meaning that
we can bring in just as many stations and
get as good DX without the use of more
than two tubes. Perhaps we ought to say
that we can do better work, because of the
decreased tube noises which are always to
be considered in multi-stage amplifiers.

A panel set with detector and one step of
amplification is built and wired exactly like
the outfit shown in the picture diagram by
leaving out the parts mentioned for the
second stage and by substituting the open
circuit output jack for the interstage jack
shown.

List of Parts for Panel-Mounted Tuner

Bakelite-micarta panel 3/16” x 7” x 8”7 ........ $1.00
Wooden baseboard 14” x 8” x 1T14” ............ .26
100-micromicrofarad straight-line-frequency var-
iable condenser ........coviiiireiinranannan 4.00
260-micromicrofared variable condenser of any
type mechanically good ..........coovvnnnnn. 4.00

8 UX tube sockets
1 160-unf fixed mica condenser ........
1 7-megohm metallized-filament grid leak
1 jack, open circuit type .......cov.unn
1 jack, interstage type
2 30-ohm filament rheostats
2 audio-frequency amplifying transformers
Complete set of shortwave plug-in coils and
mounting ......cceeiiiiiiiiiannan $4.00 to 12.50
(These can be purchased from any one of
several reputable manufacturers or you can
use home built Lorenz coils, etc. A space-
wound movable-tickler unit can be used in-
stead, in which case the 260-upf. condenser
will not be needed at all. If such an ar-
rangement is used, the circuit given for
movable-tickler outfits on page 43 must be

followed.)
2 C or UX201A tubes ........cvvvvvvvnnnnanas 6.00
1 C or UX200A detector tube ................. 3.00
1 telephone head-set ...........c.cvvvvivvernnns 5.00
1 46-volt block B-battery ..........cccecvvvnes 4.00

1 ready-built cabinet, walnut finish ............ 4.00

6 ft. of No. 12 or No. 14 tinned bus wire, ma-
terial for R.F. choke, assortment of wood
BEPEWS «.vvveaosrosvssosnsnenssnnaaseseansss .50

6 volt 60 to 100 ampere-hour capacity lead storage
battery of standard make . 1
Battery Charger

OPERATING THE RECEIVER

In operating the receiver the batteries
are connected to the set as shown in the
diagram and the phones are plugged into
the jack. After the antenna and ground
have been connected, the filaments are

lighted to a dull red by turning the rheostat
knob. The throttle condenser or tickler coil
control knob) is turned so that the feed-
back to the secondary is increased.
slight click is heard after which a “live”
or faint hissing sound can be heard. The
set is now in an oscillating condition. The
detector tube is generating radio-frequency
oscillations. When the tuning condenser
knob is turned the capacitance of the vari-
able condenser is changed and this changes
the frequency of the generated oscillations.
Oscillations are present in the antenna eir-
cuit which is coupled to the secondary cir-
cuit (where the local oscillations are gen-
erated).

Coupling the antenna circuit to the tube
circuit causes the incoming frequency and
the local frequency to be impressed on the
grid of the detector tube, so that in the out-
put of the tube we hear the resultant or beat
frequency. Two radio frequencies of mil-
lions of cycles per second will beat together
so that the audio note of but several hun-
dreds of cycles per second can be heard,
By moving the dial of the tuning con-
denser we change the local frequency
and the beat note. Different transmitting
stations use different transmitting fre-
quencies (each uses a certain definite fre-
quency) and by changing the period of
the local circuit (tuning with the variable
condenser) we may listen to any one of the
stations we wish. The amplitude of the
grid voltage caused by the local oscillations
should be nearly the same as that caused
by the incoming oscillations in order
to obtain the loudest signal. After “pick-
ing up” our station, we reduce the feed-
back (aniplitude of the local oscillations)
until the loudest signals are obtained.

MAKING IT WORK

In winding coils for our receiver it makes
no difference which way they are wound.
After the set is assembled the wiring can
be properly made to give the best opera-
tion. The tickler and antenna coils should
both be at one end of the secondary coil.
The filament return should be made from
this end of the secondary. The set may
refuse to oscillate, in which case the first
thing to do is to REVERSE the tickler
leads. Next test the B-battery and
plate circuit connections. Be sure B+
connects to the plate. There should be a
click in the phones when they are plugged
in with the tubes turned on.

A pair of phones, a dry cell, and a D.C.
voltmeter are the most useful instruments
for locating faults in the set. If the tube
does not light, it should be tested for an
open filament. Then the filament-circuit
wiring should be traced carefully. The
rheostat should be examined for an open
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wire, the socket for a sprung prong. With
the B-batteries disconnected trace the
filament wiring from the A-battery to
the socket using either the click in the
phones or the voltmeter across the 6-volt

Shorted condensers or closed

Pins circuits are indicated by just
the same click as given by
Phones Louching the Eerminals together
Drycelt orbya full volmeter reading

Opens in wiring or colsare -
dicated by no'reading on volt-
meler or by 1o click in phones
A weak click or low volimeter
reading indrcatesacircuit clased
through a resistance whichmay
be a tr rmer windingor other
part of the set.

A D.C voltmeler only reads
correctly when properly con-
nected.” It may be vsed to -
dreate polarity. 22§ volt urnts
should be discarded when they
Tall below about 16 volts.

LOCATING FAULTS

line. A couple of pins on the end of the
voltmeter terminals will make it possible
to pierce the insulation for testing pur-
poses.

If a regular clicking sound is heard in
the phones when they are connected to the
set as in regular operation, it probably
means that the grid leak is open or of too
high a value. A lower-resistance leak
will remedy this condition. A pencil
mark between grid and filament terminals
on the bottom of the tube (or a line of
carbonized India ink) will serve in an
emergency. Two brass machine screws in
a small piece of hard rubber or bakelite
with the ‘“leak” drawn between terminals
will be a better arrangement.

If the filament lights but there is no
sound in the phones, trace the plate cir-
cuit wiring carefully, paying attention to
the jack to see that the phones are not
shorted there. If there is a by-pass
condenser across the phones, this should be
checked with phones or voltmeter and bat-
tery to see that it is not shorted inside or
by some solder across the terminals. The
grid and plate terminals of the socket may
be bent.

An open secondary coil or grid circuit
lead may cause a clicking similar to that
when there is no grid leak. The winding may
be tested with the voltmeter or phones for
an open circuit. If no signals come through
and there is no ‘“‘tuning’”, probably the
variable condenser is not solidly connected
across the secondary coil. Decreased sig-
nal strength may indicate that the antenna
coil is open or that the antenna or ground
are off. A shorted grid condenser may
give the same effect. If no “clicking” is
heard with the grid leak removed from the
set there may be a shorted grid condenser,

a soldering paste “leak” within the socket
or across the grid condenser, or a poor
tube (open grid). Try a new tube, test
the grid condenser with the phones or volt-
meter, or clean up any leaky paths that
are found between grid and filament.

An audio howl in the phones indicates
that the set does not slide into oscillation
quietly and stably as it ought. Change the
grid leak resistance. Test the B battery
to make sure it is new and fresh (shunting
it with a .002 mfd. bypass condenser will
sometimes help.)

We frequently hear the complaint that a
tuner will not work at one particular wave-
length altho it works well above and below
that wavelength. The reason for this al-
most always is that the dead wavelength
is the wavelength of the antenna circuit.
By loosening the coupling to the antenna
or by changing the antenna ‘fixed” tune
we can get rid of the trouble. If the
coupling is fixed we can cut a small fixed
condenser into the antenna circuit. A
‘“‘postage stamp” condenser will do. The
right value of capacitance depends on the
particular antenna. 150-200 micromicro-
farads is about right for the average short-
wave rig. The effect is simply to shift
the dead wavelength to some other point
where it does not give trouble for a short
time. Our condenser can be placed across
a single-pole single-throw (SPST) knife
switch in the antenna circuit. A small

Open switch to put
condenserorcoil in
antenna cjr;cu/t,
/ ?'hi/f/‘ntg t/z:k ﬁkaﬁ
une”to make se
T L oscillate over whole
range of dsal

SET SET

i

TWO WAYS OF SHIFTING THE DEAD SPOT “ON A
TUNER

.||||

coil will have the same effect as a small
condenser but shifts the “tune” in the
other direction. Opening the switch will
cut it in when we want it there.

Now that we have a receiver working
smoothly and well we can listen to different
amateurs at will. We can practise read-
ing the code. Next we will wish to be in
a position to talk with other fellows by
radio. Sometimes we wonder what wave-
length the stations we hear are using.
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BUILDING A WAVEMETER

THE BASIC RADIO MEASURING INSTRUMENT

Before we- can tell what wavelength a
station is using and before we can adjust
our set to comply with government regula-
tions we must have a wavemeter or fre-
quency standard. Such an instrument can
be purchased outright to good advantage
from any of several companies. We
can save a lot of momey and build a simple
wavemeter that will answer our purposes
better than the boughten one, however.

A wavemeter is simply a calibrated tuned
resonant circuit. A variable and fixed ele-
ment are used with some sort of resonance
indicator. A coil, variable condenser, and
flashlamp in series constitute a wavemeter.
Sometimes a coil, condenser and neon tube
in parallel are used. As neon tubes are
not uniform and have a critical break-down
voltage we will discuss the first kind of
instrument.

Either the coil or condenser is made vari-
able. The shaft of the variable element is
brought out of the case and a dial attached
which may be calibrated directly in wave-
length or frequency. In the simplest meter
the standard 100° dial is used with a hair-
line indicator. The frequency or wave-
length is read from a calibration chart
made up for the meter.

In our meter we shall use a variable
capacitance. The variable condenser
must be well-built. The plates should be
heavy, well and permanentf spaced. They
should be firmly bound together with large-
surfaced separators and husky supporting
rods. The bearings must be metal, should

This arrangement spreads out our wave-
lengths on the dial so several coils are
necessary. Every amateur wavelength can
be accurately determined, which is the rea-
son for our meter after all.  Slight me-
chanical changes in the position of the
plates cannot greatly affect our calibration

INSIDE VIEW OF WAVEMETER

Note the back-of-panel shield, the rebuHit removable
butterfly hinges, the rugged double-spaced condenser.
The wiring is partly supplied by the shield itself.

with a rugged double-spaced condenser.
This means that our calibration will be
PERMANENT which is of more impor-
tance than extreme accuracy in an ama-
teur wavemeter. A geared vernier makes
the adjustment less critical.

A General Radio dial and hair-line indi-
cator makes close readings possible. A
back-of-panel white dial with several wave-
length scales for direct reading would be
good but special work and design are

have no play in any direction, and should necessa Our meter is made of standard . -=
be substantial and smooth-running. Cone /45S¢Mble a good wavemeter in a 1ew hours
bearings are good. A geared vernier be- which will be serviceable for many years.

comes a necessity on the shorter waves For accuracy of measurements, shielding
with condensers of high capacitance. the inside of the wuvemeter box and the

The coil must be non-changing in its back of the supporting panel is practically
a necessity. The amount of detuning which

properties of inductance, resistance, and

distributed capacitance. The last two named
should be kept low. To accomplish these
things the coil form should be strongly
built, the coil tightly wound, and the wire
bound so that the position of the turns can-
not vary. The coil terminals should be
firm and unchanging in their relation to
each other.

Since our wavemeter is to be built to use
more than one coil, all wavelengths from
about 15 meters to 500 meters can be cov-
ered. It is ruggedly built to withstand or-
dinary use without injuring its calibration.

The tuning condenser used in the meter
shown in the photograph is a General
Radio type 239 (1000 micromicrofarads
original maximum capacitance). Half the
plates have been removed and the others
put back double-spaced so that the capaci-
tance is n about 175 micromicrofarads.
parts as far as possi and anyone can

will occur on short wavelengths through
body capacity if the meter is not shielded
carefu